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_,     .  .     ,  The  keynote  of  the  electrical  industry 

Electncal  ,     .        ,  ,       u  j 

during  the  past  year  has  been  produc- 

Progress  ^.^^^  ratlier  than  development.     This 

in  1917  jg  j^  logical   sequence  of   the  general 

speeding  up  of  specialized  industrial  production,  with 
the  resultant  need  of  motors  and  of  central  station 
energy.  In  fact  these  two  requiiements,  with  the  need 
of  the  central  stations  for  additional  generating  equip- 
ment, have  been  so  large  as  to  preclude  extensive  atten- 
tion to  other  considerations.  Nevertheless  there  have 
been   consistent   detail   refinements  and   improvements. 

Perhaps  the  most  spectacular  development  has  been 
in  the  electrification  of  main  roll  drives  of  steel  mills. 
Thirty-eight  of  these  outfits  were  ordered  during  the 
year,  one  of  which  is  the  largest  reversing  mill  equip- 
ment ever  built.  This  motor  has  a  maximum  rating  of 
17  500  horse-power,  and  will  drive  a  60  inch  universal 
plate  mill  for  the  Bethlehem  Steel  Company.  In  addi- 
tion, large  numbers  of  smaller  motors  for  auxiliary 
drives  bring  the  total  average  for  the  years  1916  and 
1917  up  to  more  than  three  times  the  value  for  the  pre- 
vious five  years.  While  perhaps  on  a  larger  scale  than 
any  other,  this  increase  is  typical  of  the  way  in  which 
electricity  is  solving  production  problems  in  all  branches 
of  industrial  activity. 

Even  more  spectacular  than  the  increase  in  the  use 
of  electrical  energy  in  any  one  industry,  has  been  the 
steady  increase  along  all  lines,  as  evidenced  by  the  tre- 
mendous growth  of  central  station  outputs  in  our  indus- 
trial centers.  This  has  been  due  not  so  much  to  in- 
creased numbers  of  power  users,  as  to  the  increased 
power  consumption  of  old  customers.  The  result  has 
been  that,  in  some  cases,  the  centra!  stations  have  found 
themselves  inadequately  equipped  to  care  for  loads 
which  have  increased  enormously,  nearly  100  percent  in 
twelve  months  in  at  least  one  case. 

In  view  of  the  fact  that  the  previous  year's  growth 
had  been,  in  many  cases,  nearl}'  double  the  usual  normal 
growth  of  12  to  15  percent,  the  possibility  of  a  power 
shortage  in  some  localities  is  not  to  be  wondered  at. 
That  such  tremendous  loads  are  being  carried  with  as 
little  difficulty  as  they  are,  speaks  well  for  the  foresight 
and  ability  of  our  central  station  managers. 

More  generating  units  of  large  individual  capacity 
have  been  contracted  for  during  the  past  year  than  ever 
before.  As  typical  examples,  at  Pittsburgh  the  Du- 
quesne  Light  Company  are  installing  a  40000  kilowatt 
cross-compound  unit;  at  Providence,  the  Narragansett 
Electric  Company  are  installing  a  45  000  kilowatt  cross- 
compound  unit;  and  at  New  York  the  Interborough 
Rapid  Transit  Company  are  installing  a  70  000  kilowatt 
triple  element  unit. 

One  result  of  the  heavy  overloads  with  which  most 


central  stations  have  to  contend,  has  been  an  un- 
precedented demand  for  forced  draft  underfeed  stokers 
etc.  These  are  being  supplied  both  in  connection  with 
new  equipments,  and  also  in  many  cases  to  replace  older 
forms  of  furnaces  in  order  to  obtain  more  capacity 
without  any  change  in  the  old  equipment. 

The  increase  in  the  cost  of  coal  has  brought  about  a 
steady  increase  in  hydroelectric  generating  stations. 
Among  the  larger  installations  is  that  of  the  Montana 
Power  Company,  at  Holter,  Montana,  in  which  are  in- 
stalled four  12  000  k.v.a.  vertical  units.  The  power 
from  this  plant  is  used  on  the  electrification  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railroad,  which  is 
largely  increasing  its  electrified  zone,  and  the  saving  in 
coal  due  to  the  use  of  this  water  power  will  be  a  very 
considerable  item. 

Another  development  brought  about  by  the  high 
cost  of  materials,  labor,  etc.,  and  especially  the  high  cost 
of  copper,  has  been  an  increased  tendency  towards  the 
use  of  synchronous  condensers  for  both  power-factor 
correction  and  voltage  regulation.  In  many  cases  the  in- 
stallation of  such  apparatus  saves  an  increase  in  trans- 
mission line  copper,  or  allows  additional  load  to  be  taken 
on  a  given  transmission  line,  and  at  the  same  time  main- 
tains normal  and  satisfactory  voltage  conditions. 
Typical  of  this  tendency  is  the  case  of  the  Duquesne 
Light  Company  who  are  installing  three  7500  k.v.a. 
synchronous  condensers  for  this  purpose  on  their  sys- 
tem in  and  about  Pittsburgh. 

In  the  electrification  of  steam  railroads,  the  re- 
quirements for  heavy  freight  traffic  on  mountain  grade 
sections  have  been  met  by  the  production  of  a  very 
powerful  phase-converter  locomotive  having  several  im- 
provements over  those  previously  built.  This  locomo- 
tive, weighing  250  tons,  has  a  capacity  of  4800  horse- 
power and  a  maximum  tractive  effort  of  130000 
pounds,  all  of  which  is  concentrated  in  a  single-cab  unit. 
The  most  interesting  improvement  in  this  type  of  loco- 
motive is  the  synchronou:  phase  converter,  by  which 
100  percent  power-factor  is  obtained. 

New  high-voltage,  direct-current,  high  powered 
passenger  locomotives  have  also  been  developed.  The 
rating  of  these  locomotives  is  4000  horse-power  with  a 
starting  effort  of  112  000  pounds,  and  a  total  weight  of 
266  tons.     These  engines  will  also  be  single-cab  units. 

Regenerative  control  for  direct-current,  has  been 
perfected  to  such  an  extent  that  it  is  now  applied  when- 
ever desired  to  600  volt  locomotives  as  a  standard.  This 
feature  contributes  very  largely  to  safety  in  operation 
of  electric  locomotives.  The  development  of  the  high- 
speed circuit  breaker  methods  for  suppressing  flashing 
in  high-voltage  direct-current  apparatus  has  also  taken  a 
forward  step  during  the  past  year  and  the  indications 
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are  that  this  difficulty  in  machines  of  this  class  has  been 
definitel}'  suppressed.  These  detail  developments  have 
put  the  electrical  industry  in  a  position  of  preparedness 
for  the  more  general  electrification  of  railroads  which, 
it  is  anticipated,  will  become  very  active  in  tlie  near  fu- 
ture. 

The  outstanding  feature  in  the  street  railway  field 
has  been  the  stability  in  design  of  the  present  standard 
lines,  permitting  the  railway  companies  to  feel  secure  in 
establishing  standards  for  future  practice.  The  present 
standard  railway  motors  and  control  outfits  have  been 
worked  up  to  a  point  where  improvements  are  extremely 
difficult,  and  the  reports  of  their  performance  in  ser- 
vice are  very  gratifying. 

As  in  1916  the  outstanding  feature  of  switchboard 
business  for  1917  was  the  continued  demand  for  switch 
gear  for  power  stations  of  tremendous  initial  and  ulti- 
mate capacity.  Initial  capacities  of  66  000  k.v.a.  and 
ultimate  capacities  of  as  high  as  387  000  k.v.a.  are  repre- 
sented in  installations  projected  and  for  which  switch 
gear  was  purchased  during  the  year.  Improvements 
have  been  made  both  in  the  major  apparatus  forming 
part  of  the  switch  gear  and  also  in  the  smaller  details. 
In  the  first  class  may  be  mentioned  the  completion  of  a 
number  of  150000  volt  outdoor  oil  circuit  breakers  of 
rupturing  capacities  far  in  advance  of  anything  hereto- 
fore within  the  limits  of  high  voltage  apparatus.  With 
their  guaranteed  arc  rupturing  capacity,  with  voltage 
maintained,  of  i  000  000  k.v.a.,  it  is  felt  that  the  question 
of  high-voltage  power  concentration  is  solved  for  at 
least  some  time.  There  has  also  been  the  development 
of  a  successful  and  simple  control  equipment  for  auto- 
matic rotarj'  converter  substations.  One  such  outfit  has 
been  in  successful  operation  for  some  time  and  others 
are  under  construction.  To  a  very  large  degree  the  bulk 
and  complexity  characteristic  of  earlier  control  equip- 
ment for  such  installations  has  been  eliminated. 


An   article  by  Mr.  Francis  Hodgkin- 

Steam  ^^^^  entitled  "A  Historial  Review  of 

Turbine  ^^^^^  Turbine   Progress,"   which   is 

Development      ^^^^  j^  ^^^^  j^^^^^  i^  ^^^  ^^3^  of  ^ 

group  of  articles  constituting  a  continuance  of  a  series 
which  appeared  during  the  years  1915  and  1916  under 
the  general  topic  "Engineering  Evolution  of  Electrical 
Apparatus."  It  has  been  thought  that  it  would  be  of 
much  interest  to  the  Journal  readers  if  these  discourses 
on  various  phases  of  steam  power  plant  engineering 
were  continued  by  engineers  especially  experienced  in 
that  direction. 

Mr.  Hodgkinson's  contribution  has  the  peculiar 
value  that  he  has  been  identified  with  steam  turbine 
work  from  its  early  incejition  as  a  thing  of  practical  ap- 
plication. His  recital  of  the  early  steps  of  development 
constitutes  a  first  hand  experience  with  the  problems  of 
that  day.  Nor  is  he  less  favored  in  his  narration  of  the 
later  progress  leading  up  to  the  larger  machines  of  to- 
day, for  this  work  is  still  under  his  general  direction. 

Steam  turbine  development  has  been  a  subject  of 
such  importance  that  much  literature  on  the  subject  has 


appeared,  until  one  would  suppose  there  is  little  to  be 
said  that  is  new  in  the  way  of  a  historical  review.  The 
present  article,  however,  is  of  particular  interest  in  that 
it  brings  us  into  rather  intimate  touch  with  the  subject 
as  the  designer  sees  it.  We  are  given  a  sort  of  inside 
view  of  the  problems  that  were  overcome,  how  designs 
were  improved  and  how  in  particular  a  better  knowledge 
of  materials  has  helped  so  much  to  advance  the  art. 

Finally,  the  author  ventures  the  expectation  that 
experience  with  different  types  and  lay-outs  of  large 
turbine  units  will  gradually  result  in  the  operators  and 
builders  alike  agreeing  upon  a  closer  uniformity  of 
standards  and  of  arrangement.  He  thinks,  after  that, 
that  any  material  future  improvements  will  be  in  the  di- 
rection of  more  efficient  operating  conditions,  rather 
than  in  any  particular  betterment  of  thermal  perform- 
ance of  the  turbine  itself. 

Our  central  stations  are  becoming  larger  all  the  time. 
Generating  units  are  growing  into  tremendous  sizes,  and 
so  much  depends  upon  them  that  reliability  means  more 
than  it  used  to.  Also,  fuel  will  always  tend  to  be  more 
expensive,  so  the  subject  is  one  which  will  continue  to 
require  the  best  thought  of  builder  and  user  alike. 

E.  H.  Sniffin 


We  have  been  a  wasteful  and  extrav- 
^  agant  nation.     Our  development   has 

Logical  jjggjj  gQ  rapid  and  our  wealth  of  raw 

Railway        material    so    inexliaustible    that    the 
Development      questions   of  economy  and   conserva- 
tion have  not  heretofore  been  a  factor  in  our  progress. 
War  has,  however,  brought  us  to  a  stern  realization  of 
the  necessity  of  conservation  and  economy. 

The  railroads  have  been  a  prominent  factor  in  the 
development  of  our  industries  and  in  opening  up  our 
vast  areas  to  civilization.  For  this  development  to  con- 
tinue progressively,  it  is  necessary  that  railroad  facilities 
shall  keep  always  ahead  of  the  demand.  We  realize  now 
that  for  the  past  ten  years  railroad  expansion  has  not 
even  kept  pace  with  industrial  growth.  The  railroads 
were  caught  in  the  net  of  governmental  and  political 
restriction,  and  constructive  development  was  manacled 
by  rate  rulings,  and  unwise  legislation,  which  deprived 
them  of  the  surplus  necessary  for  expansion,  leaving 
them  only  the  bare  necessities  for  a  precarious  exist- 
ence. We  are  now  demanding,  in  order  to  relieve  con- 
gestion and  increase  efficiency,  that  they  do  the  very 
things  we  only  a  short  time  back  passed  laws  to  prevent. 
This  war  has  brought  us  to  a  realization  of  the 
value  and  necessity  of  the  railroads  and  an  appreciation 
of  their  worth  to  us.  There  is  no  doubt  but  that  the 
active  public  demand  will,  therefore,  soon  be  great 
enough  to  insure  the  readjustment  of  controlling  legis- 
lation, so  as  to  provide  sufficient  revenue  for  a  renewal 
of  their  constructive  program.  When  this  time  comes, 
we  expect  to  see  much  activity  along  the  lines  of  elec- 
trification, for  the  reasons  which  Mr.  Wynne  has  so 
aptly  pointed  out  in  his  admirable  article  in  this  issue 
on  "Electrification  of  Railroads  as  a  War  Measure." 

W.  R.  Stinemetz 
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ROUGHLY  speaking,  the  whole  of  the  develop- 
ment of  the  steam  turbine  has  occurred  within 
thirty  years.  This  is  a  very  brief  period  as  com- 
pared with  the  development  of  the  reciprocating  engine, 
which  occurred  over  a  period  of  more  than  ninety  years. 
Many  are  inclined  to  attribute  this  to  the  high  technical 
skill  and  scientifical  attainment  of  the  present  age,  but  a 
more  true  reason  than  this  is  the  fact  that  metallurgical 
and  manufacturing  arts  were  available  for  the  turbine 
inanufacturer  which  were  not  available  for  the  early 
builders  of  steam  engines. 

A  cursory  review  of  the  British  Patent  Office 
records  in  the  early  years,  say  1800  to  1850,  show  them 
to  be  rich  in  tur- 
b  i  n  e  inven- 
tions, and  nearly 
every  modern 
turbine  principle 
and  some  others 
will  b  e  found 
e  X  e  m  p  1  i  fled. 
It  is  assumed 
that  these  ideas 
were  abandoned 
because  of  the 
then  apparently 
greater  promise 
o  f  the  recipro- 
eating  engine 
and  the  unde- 
veloped stage  of 
m  a  chine  shop 
p  r  a  ctice  which 
rendered  p  r  o- 
duction  of  efiiciently  shaped  blades  practically  impos- 
sible. 

The  steam  turbine  is  generally  regarded  as  of 
European  origin,  the  reduction  to  useful  practice  having 
been  carried  out  by  Messrs.  Parsons  and  DeLaval,  and 
it  is  not  generally  known  that  steam  turbines  were  com- 
mercially built  in  Syracuse,  New  York,  as  early  as  1833. 
Several  of  these  were  sold  and  employed  for  driving 
saw  mills,  and  were  of  the  kind  which  might  be  de- 
scribed as  of  the  "Hero"  type,  steam  being  admitted 
through  the  shaft  and  issuing  tangentially  from  two 
radial  arms.  One  user  of  these,  Mr.  N.  Felt,  of  Cicero, 
New  York,  reported  in  1835  that  the  turbine  driving 
his  saw  mill  used  two-thirds  the  fuel  of  the  reciprocator 
it  replaced. 

It  is  reported  that  in  1836  one  of  these  was  placed 
upon  a  locomotive  near  Newark,  New  Jersey.  The  tur- 
bine had  an  arm  tip  speed  of  14.25  miles  a  minute.     Its 
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Driving  180  r.p.m.  direct-current  generator  through  a  reduction  gear,  in  the 
plant  of  the  Cleveland  Electric  Illuminating  Company.  This  unit  has  been  in  opera- 
tion since  1912. 


life  was  ended  in  a  ditch.  It  is,  however,  interesting  to 
record  that  Parsons  built  a  precisely  siinilar  machine 
about  1890,  comprising  a  single  "Hero"  element.  Its  ca- 
pacity approximated  20  hp,  and  with  100  lbs.  pressure 
and  26  inches  vacuuin,  had  a  steam  consumption  of  40 
lbs.  p6r  horse-power  hour.  His  attempts  to  improve 
perfonnance  by  compounding  were  unsuccessful  be- 
cause of  the  friction  of  the  artns  in  the  more  dense  fluid. 
No  historical  review  of  the  development  of  steam 
turbines  would  be  coinplete  without  tribute  to  the  work 
of  Sir  Charles  A.  Parsons,  who,  in  spite  of  the  many 
difficulties  to  be  overcome,  had  the  courage  of  his  con- 
victions and  expended  a  large  personal  fortune  in  this 

work.  He  com- 
menced work  in 
1884  by  deter- 
mining whether 
bodies  could  be 
operated  at 
eighteen  or 
twenty  thousand 
revolutions  per 
minute,  and  then 
proceeded  to  the 
building  of  a 
small  turbine. 
The  author  i  s 
sure  that  S  i  r 
Charles  a  t  the 
outset  thorough- 
ly realized  that 
the  sphere  of  the 
steam  turbine 
was  in  large 
sizes  rather  than  small,  but  he  had  associated  himself 
with  a  firm  of  engineers  whose  principal  business  was 
the  equipping  of  ships  with  donkey  boilers,  winches, 
windlasses,  etc.,  so  it  was  natural  that  his  activities  were 
confined  to  the  building  of  lighting  sets  for  shipboard 
use.  These  sets  were  of  small  capacity,  runniiig  at  from 
fourteen  thousand  to  eighteen  thousand  revolutions  per 
minute,  driving  direct-current  generators.  The  gener- 
ators, while  highly  unsatisfactory  from  the  standpoint 
of  a  modern  direct-current  machine,  were  remarkably 
ingenious  in  their  design.  It  was  not  until  he  dissolved 
partnership  with  the  above  mentioned  firm  and  estab- 
lished his  own  engineering  works  that  he  was  enabled  to 
build  steam  turbines  and  apply  them  to  what  he  believed 
to  be  their  proper  sphere ;  viz.,  central  station  work.  He 
applied  them  to  the  earliest  central  stations ;  viz.,  New- 
castle, Cambridge,  and  Scarboro,  in  England  in  1899,  a 
75  kw  inachine  being  furnished  to  the  former  city.  Of 
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course,  early  progress  was  retarded  by  the  small  demand 
for  high-speed  machinery.  Practically  their  only  appli- 
cation was  for  driving  dynamos  which  were  then  built 
onl}'  in  small  sizes. 

During  the  period  from  1884  to  1889  about  300  tur- 
bines were  built,  ranging  up  to  75  kw.  In  1894  a  number 
of  350  to  500  kw  non-condensing  turbines  were  built  for 
driving  50  cycle  generators  at  3000  r.p.m.  These  were 
furnished  to  the  various  electric  lighting  companies  in 
London  and  displaced  both  Willans  and  Westinghouse 
single-acting  engines,  as  the  company  operating  them 
had  received  an  injunction  on  account  of  the  vibration 
being  a  nuisance  to  the  community,  which  was  with- 
drawn with  the  installation  of  these  turbines. 

Sir  Charles  Parsons  has  been  unrelaxing  in  his 
energ)'  in  the  development  of  steam  turbines,  his  efforts 
culminating  finally  in  the  construction  of  enormous  tur- 
bines for  direct  connection  to  the  propellers  of  express 
steamers,  the  engineering  difficulties  to  be  overcome  in 
their  construction  being  of  a  far  higher  order  than  that 
required  for  the  most  successful  high-speed  turbine  for 
land  service. 


turbine  was  regarded  as  entirely  satisfactory,  but  it  need 
hardly  be  said  that  the  generator  did  not  come  up  to 
standards  of  direct-current  apparatus,  even  of  that  day. 
In  the  succeeding  years  the  Westinghouse  Machine 
Company  was  substantially  alone  in  the  turbine  field; 
gas  engines  and  large  Corliss  engines  occupied  most  of 
the  activities  of  the  Company,  so  that  until  1899  turbine 
development,  except  for  some  experimental  machines, 
was  practically  at  a  standstill. 

During  the  year  1899,  the  powerhouse  of  the  West- 
inghouse Air  Brake  Company,  Wilmerding,  Penna.,  was 
equipped  with  three  400  kw  turbines,  which  was  the  first 
serious  turbine  installation  carried  out  in  this  country. 
The  performance  of  these  machines  with  150  lbs.  steam 
pressure,  100  degrees  F.  superheat,  and  28  inches  of 
vacuum  was  as  follows : — 


Brak- 


Load 
in 
Horse-Power 
264 
445 
S9.3 
759 


Pounds  Steam 
per 
Brake  Horse-Power  Hour 
14.48 
12.87 
12.05 
12.06 


FIG.    2 — 3000    HP,    1500    R.P.M.,    LOW-PRESSURE    STEAM    TURBINE 

Driving  through  reduction  gears  two,  125  r.p.m.,  Ingersoll- 
Rand  gas  pumps,  which  raise  the  pressure  in  the  mains  from 
70  or  100  to  340  pounds.  This  unit  has  been  in  operation  in 
the  plant  of  the  Hope  Natural  Gas  Company  since  the  summer 
of  1914. 

In  1896,  the  steam  turbine  as  a  practical  machine 
was  almost  unknown  in  the  United  States.  A  foreign 
built  DeLaval  turbine  of  300  kw  capacity  had  been  fur- 
nished to  the  Edison  Company  of  New  York.  A  few 
Dow  turbines  of  small  capacity  had  been  built,  and 
while  exceedingly  ingenious  in  their  character,  they  did 
not  have  much  conunercial  application  except  for  use  in 
speeding  up  the  flywheels  of  Howell  torpedoes  for  the 
United  States  Navy. 

At  this  time  Mr.  George  Westinghouse  realizing 
with  his  characteristic  foresight  the  possibilities  of  the 
turbine,  secured  for  the  Westinghouse  Machine  Com- 
pany the  rights  to  manufacture  them  under  a  license 
from  Sir  Charles  A.  Parsons.  In  1S96  a  120  kw  turbine 
was  built  in  Pittsburgh  of  condensing  design  and  drove 
a  direct-current  generator  at  5000  r.p.m.  This  turbine 
had  a  water  rate  of  25.6  lbs.  per  kw-hr.  operating  with 
160  lbs  steam  pressure  and  27.1  inches  vacuum.     The 


FIG.    3 — 1700  HP,  3000  R.P.M.  COMPLETE  EXPANSION  STEAM   TURBINE 

The  gear  runs  at  140  r.p.m.  and  is  directly  coupled  to  the 
mill  shafting.  This  unit  has  been  in  operation  in  the  plant  of 
the  Northwestern  Consolidated  Milling  Company  since  the 
summer  of  1917. 

A  quite  historic  turbine  installation  was  made  in 
1900  at  the  plant  of  the  Hartford  Electric  Light  Com- 
pany, Hartford,  Conn.,  which  was  of  2000  kw  capacity, 
running  at  1200  r.p.m.  This  turbine  was  at  least  twice 
as  large  as  any  turbine  that  had  ever  been  built,  and 
caused  much  comment  at  that  time.  The  whole  of  the 
expansion  was  carried  out  in  a  single  cylinder.  Euro- 
pean turbine  builders,  commenting  on  this,  regarded  it 
as  a  courageous  thing  to  attempt  to  build  such  a  large 
turbine  structure  in  one  single  cylinder,  and  here  came 
about  a  crossing  of  ideas,  which  is  not  infrequent  in  en- 
gineering progress ;  viz.,  two  groups  of  engineers  each 
abandoning  their  own  line  of  progress  and  adopting  that 
of  the  other. 

At  this  same  time;  viz.,  1900,  Sir  Charles  Parsons 
constructed  the  historic  Elberfeld  machine  wherein  the 
expansion  of  steam  was  carried  out  in  two  separate  tur- 
bine cylinders  coupled  to  each  other  tandem  fashion. 
This  machine,  operating  with   144  lbs.  absolute  steam 
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pressure,  26  degree  F.  superheat,  and  28.2  inches  of 
vacuum,  gave  a  steam  consumption  of  19.0  lbs.  per  kw- 
hr.  at  1250  kw  load. 

Sir  Charles  Parsons  and  also  Brown  Boveri  of 
Basle,  who  had  by  that  time  become  a  licensee  of  Par- 
sons, encouraged  by  the  success  of  the  American  Hart- 
ford machine,  proceeded  to  build  large  size  turbines  in 
a  single  cylinder,  while  we  in  America,  being  impressed 
by  the  reliability  to  be  obtained  from  dividing  the  steam 
cycle  of  the  turbine  into  two  separate  elements,  pro- 
ceeded to  build  several  machines  of  from  1000  to  2000 
kw  capacity  in  two  cylinders ;  these  being  constructed 
in  1903.  Plainly  two  cylinder  machines  of  such  small 
capacities  were  expensive,  but  it  is  interesting  to  point 
out  a  reversion  to  this  type,  both  by  the  General  Electric 
Company  and  the  Westinghouse  Company,  in  the  last 
two  years.     The  Hartford  machine  above  referred  to 


gine  performances  have  been  obtained  by  the  principal 
manufacturers.  There  is  an  impression  that  this  develop- 
ment has,  in  this  country,  within  the  era  say  from  1900, 
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caused  sufficient  interest  that  the  General  Electric  Com- 
pany saw  their  way  to  enter  the  turbine  field  and  shortly 
thereafter  commenced  the  construction  of  5000  kw  units 
for  the  Commonwealth  Edison  Company  of  Chicago. 

Referring  again  to  the  two  cylinder  tandem  tur- 
bines built  in  1903 ;  one  advantage  of  the  design  was  ex- 
pected to  accrue  from  the  use  of  a  reheating  receiver 
between  the  two  cylinders.  Tests,  however,  showed 
clearly  that  the  gain  due  to  this  did  not  warrant  the  ex- 
pense, when  high  pressure  steam  was  used  for  reheating. 
But  the  prophecy  is  ventured  that  there  will  be  a  rever- 
sion to  intermediate  reheating  by  means  of  separately 
fired  superheaters  for  large  machines  in  the  near  future. 

The  rapid  strides  made  in  central  station  practice 
in  this  countn-  have  brought  about  developments  of  tur- 
bines for  land  purposes  in  sizes  that  have  gone  beyond 
any  European  practice,  and  very  remarkable  steam  en- 
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FIG.    5 — GRAPHIC  REPRESENTATION  OF  THE  INCREASE  IN   EFFICIENCV 
OF   STEAM   TURBINE  UNITS   FOR  6o  CYCLE  OPERATION 

grown  from  a  very  poor  and  uneconomical  machine. 
This,  however,  is  not  true  of  the  Westinghouse  Com- 
pany, for  it  is  seen  from  the  steam  consumption  of  the 
earliest  machines  quoted  and  in  what  follows,  that  they 
do  not  compare  very  unfavorably  with  what  can  be  done 
today  with  similar  speeds  and  capacities.  Unquestion- 
ably, improvements  have  been  made  in  producing  less 
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FIG.   6 — GRAPHIC      REPRESENTATION      OF      THE    GROWTH     IN     STEAM 
TURBINE  CAPACITIES 

expensive  and  more  reliable  detail  design.  Improvements 
in  economy,  however,  have  been  due  to  increased  speeds 
for  a  given  capacity  rather  than  to  any  material  change 
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of  thought  or  principle  as  regards  turbine  systems.  Very 
material  advances  have  been  made  in  the  development 
of  the  high-speed  alternating-current  generators,  which 
have  permitted  turbines  to  be  designed  more  appropri- 
ately for  the  volumes  of  steam  involved.  Today,  5000 
kw,  60-cycle  machines  have  been  built  for  operation  at 
3600  r.p.m.,  while  in  the  year  1900  electrical  engineers 

it 


FIG.   7 — NON-CONDENSING    STEAM    TURBINE   OF   THE   RE-ENTRY    TYPE 

Direct-connected  to  a  small  direct-current  generator. 

looked  askance  at  such  speeds  even  for  500  kw  units, 
and  regarded  1800  r.p.m.  as  the  more  desirable  speed  for 
this  capacity  and  frequency.  Improvements  in  condens- 
ing apparatus  have  also  contributed  to  the  development 
of  the  turbine,  bringing  ordinary  available  vacua  from 
26  inches  to  29  inches,  this  improvement  having  been 
brought  about  by  the  demands  of  the  turbine  builder, 
which  were  largely  responded  to  by  manufacturers  of 
the  more  modern  systems  of  condenser  apparatus. 

Today  it  may  be  said  that  the  maximum  capacities 
of  generators  at  given  speeds  are  as  great  as  the  capaci- 
ties   for   which    the    turbine    can   be    conveniently    de- 


FIG.   8 — NON-CONDENSING    STEAM    TURBINE   OF   THE   RE-ENTRY    TYPE 

Geared  to  a  direct-current  generator. 

signed.  In  other  words,  the  turbine  ceases  to  be  a  ma- 
chine of  too  high  speed  for  general  application.  It  may 
be  designed  for  its  best  speed  and  direct  connected  to 
the  generator  in  the  case  of  alternating-current  ma- 
chinery for  all  but  the  smaller  sizes  below  500  kw.  It 
may  be  still  operated  at  its  most  economical  speed  and 
by  the  intervention  of  toothed  gearing  be  connected  to 
direct-current  generators  or  to  other  apparatus  for  any 


other  purpose  whatsoever,  including  direct  mill  drive, 
large  reciprocating  pumps  and  the  propulsion  of  ships. 
The  principal  field  for  the  steam  turbines  has  in  the 
past  been  driving  alternating-current  generators ;  and  as 
there  are,  broadly  speaking,  but  two  frequencies  in  con- 
ventional use  in  this  country,  25  and  60-cycles,  the 
speeds  available  were  limited.  Because  of  the  difificulties 
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FIG.   g — PERFORMANCE   CURVES 

Of  a  4000  r.p.m.,  direct-connected  steam  turbine  unit, 
shown  in  Fig.  7,  when  supplied  with  dry,  saturated  steam  at 
l/S  pounds  pressure. 

of  electrical  transmission  there  has  not  been  much  de- 
mand for  direct-current  generators  of  large  size. 
Further,  because  of  the  difficulty  of  designing  direct- 
current  generators  for  high  speeds,  the  number  of  di- 
rect-current turbine  installations  is  comparatively  small. 
In  the  installations  of  direct-connected  turbines  and  di- 
rect-current generators  which  were  made,  the  speeds  se- 
lected were  too  high  for  successful  operation  of  the 
generators  and  too  low  for  the  economical  operation  of 
the  turbines.  Within  the  last  eight  years,  however,  re- 
duction gears  have  been  developed  which  remove  this 
objection;  so  that  today  first-class  designs  of  direct-cur- 
rent generators  may  be  driven  by  turbines  as  success- 
fully as  can  alternating-current  units.  A  number  of  such 
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FIG.    10 — PERFORMANCE  CURVES 

Of  the  geared  steam  turbine  units  shown  in  Fig.  8,  when 
supplied  with  dry,  saturated  steam  at  175  pounds  pressure. 

geared  outfits  have  been  installed,  giving  entire  satisfac- 
ticni,  the  speeds  being  as  follows : 


Capacity 

Turbine 

Generator 

kw 

Speed 

R.P.M. 

Speed  R.P.M 

150 

6000 

900 

300 

6000 

900 

500 

5000 

720 

1000 

3600 

S14 

1500 

3600 

360 

3750 

1800 

180 

The  generator  speeds  given  above  are  standard  for 
motor-generator  sets.  Examples  of  important  geared 
installations  for  purposes  ordinarily  considered  outside 
the  field  of  the  steam  turbine  is  given  in  Figs,  i  to  3. 
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The  improvements  which  have  been  made  in  tur- 
bine performance  since  1899  are  shown  by  Figs.  4  and 
5,  for  25  and  60-cycles  respectively.  These  curves  show 
how  speeds  have  been  changed  with  the  progress  of 
time,  each  change  of  speed  having  been  more  productive 
of  improved  results  than  improvements  in  what  are  es- 
sentially turbine  principles.  The  comparisons  have  been 
made  on  the  basis  of  the  efficiency  ratio  rather  than 
steam  consumption,  because  to  make  a  comparison  with 
the  latter,  the  results  would  ha\-e  to  be  reduced  to  a 
common  operating  condition,  which  would  be  improper. 
Should  a  high  operating  condition  be  selected  it  would 
not  be  fair  to  some  of  the  older  machines,  which  were 
hardly  adapted  to  operate  with  high  superheats  and 
vacua,  and  the  later  machines  would  be  at  a  disadvan- 
tage if  their  results  were  reduced  to  a  low  operating 
condition.  The  elYect  of  the  condenser  on  turbine  de- 
velopment has  been  previously  referred  to.  The  im- 
provement of  condenser  performance  is  directly  attrib- 
utable to  the  demands  of  the  turbine.  Early  turbines 
had  their  low  pressure  elements  designed  to  be  suitable 
for  vacua  not  much  over  26  inches.  All  turbines  nowa- 


days are  designed  to  expand  steam  at  their  point  of  best 
steam  consumption  to  29  inches  vacuum. 

Fig.  6  is  of  passing  interest,  showing  the  increase 
in  the  capacity  of  single  units  as  built  from  year  to 
year.  The  average  capacity  of  turbines  is  also  shown; 
it  has  not,  however,  been  continuously  an  upgoing  scale 
on  account  of  the  growth  of  business  in  single  wheel 
impulse  turbines  of  small  capacity.  In  1909  was  com- 
menced the  development  of  small,  single  disc,  non-con- 
densing turbines  of  the  re-entry  type,  intended  primarily 
for  the  operation  of  condenser  auxiliaries.  Their  gen- 
eral performance  was  so  encouraging  tliat  in  the  course 
of  time  a  line  of  excellent  small  machines  suitable  for 
electric  generator  drives,  and  also  adaptable  for  driving 
any  other  kind  of  machinery,  have  been  developed.  The 
smaller  ones,  up  to  15  kw  are  direct  connected;  above 
that  they  are  geared.  The  general  schemes  of  design  are 
shown  respectively  in  Figs.  7  and  8,  and  their  perform- 
ances in  Figs.  9  and  10.  The  r.p.m.  shown  on  the  curves 
represent  the  speeds  of  the  turbine  shaft;  the  gear  ratio 
being  arranged  to  suit  the  driven  machine. 
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F.  E.  Wynne 


TRANSPORTATION,  whether  by  rail,  water  or 
highway  is  a  most  vital  factor  in  prosecuting  the 
war.  The  service  demanded  of  the  railroads  of 
the  United  States  by  the  present  immense  volume  of 
traffic,  largely  due  to  the  requirements  of  war,  has 
demonstrated  very  clearly  the  inadequacy  of  our  exist- 
ing railroad  facilities.  Among  the  urgent  necessities  of 
the  situation  are  larger  and  better  arranged  terminals, 
greater  track  capacity,  increased  train  loads,  higher 
speeds,  more  efficient  motive  power,  and  the  conserva- 
tion of  fuel,  materials  and  men.  The  practical  patriotism 
v'hich  the  railroads  have  displayed  in  combining  man- 
agement, facilities  and  equipment  for  the  period  of  the 
war  is  accomplishing  wonderful  results  of  incalculable 
value.  However,  as  the  situation  becomes  more  acute, 
through  consumption  of  men  and  materials,  other  means 
may  be  necessary  to  secure  the  essential  result. 

The  Bulletin  of  the  National  City  Bank  of  New 
York,  for  November,  1917,  on  "Economic  Conditions", 
contains  the  following  comment : — 

"There  is  naturally  a  feeling  of  uncertainty  and  ap- 
prehension as  to  industrial  conditions  after  the  war.  The 
demand  for  war  materials  will  fall  off,  the  supply  of  labor 
on  the  market  will  be  greatly  increased,  and  it  is  a  ques- 
tion whether  all  of  this  labor  can  be  promptly  placed  in  em- 
ployment. It  will  be  the  most  stupendous  reorganization 
of  industry  ever  known,  and  it  is  going  to  be  a  great  social 
problem  to  accomplish  this  change  without  confusion,  loss 
of  confidence  and  a  period  of  stagnation.  It  is  important 
that  plans  be  laid  on  a  large  scale  to  take  up  the  slack,  and 
other  countries  are  laying  them.  In  this  country,  ready  at 
nand.  is  the  task  of  equipping  the  railroads,  and  other  in- 
*  *'*' *^  ^""'l^^J^    practicable,  to    operate    by    electric    power. 

1,  r    1     *  "^'^^  amount  of  work  in  sight,  if  a  general 

scheme  of  electrification  was  undertaken,  would  be  sufficient 
to  relieve  the  business  community  of  its  fears  as  to  idleness 
and  poor  trade  for  some  years  to  come,  and  would  thus  en- 
courage other  enterprises  to  go  ahead. 

^  The  danger  will  be  in  a  pervasive  feeling  of  uncer- 
tainty, causing  men  to  wait  with  their  own  plans  until  they 


can  discern  the  general  trend,  and  waiting  of  itself  slows 
down  business.  Large  plans  for  the  employment  of  labor 
which  can  be  brought  definitely  forward  at  the  critical  time 
will  serve  to  inspire  confidence  and  support  the  whole  situ- 
ation " 

It  seems  pertinent  at  this  time,  therefore,  to  con- 
sider seriously  what  electrification  is  capable  of  doing 
for  the  railroads  now,  at  the  same  time  bearing  in  mind 
the  desirability  of  making  definite  plans  for  electrifica- 
tion when  peace  is  finally  secured.  Conservation  of  fuel 
is  highly  important,  not  only  in  order  to  meet  the  extra- 
ordinary demands  of  our  Government  and  the  industries 
and  for  export  to  our  Allies,  but  also  because  every  re- 
duction in  fuel  movement  for  domestic  purposes  adds  to 
the  equipment  and  track  capacity  available  for  moving 
export  shipments.  Electric  operation  lends  itself  to  fuel 
conservation  in  two  ways ;  either  water  power  is  sub- 
stituted for  steam  power,  or  the  necessary  steam  power 
is  produced  in  a  central  power  plant  more  economically 
ihan  by  burning  fuel  on  locomotives.  In  the  first  case, 
all  of  the  fuel  used  for  train  propulsion,  fuel  handling 
and  haulage  (which  may  be  as  high  as  ten  per  cent  of 
the  propulsion  fuel),  water  pumping,  etc.  is  saved  for 
other  purposes.  In  the  second  case,  approximately  one- 
half  of  the  fuel  is  conserved,  it  being  a  well-established 
fact  that  one  pound  of  coal  burned  in  a  modern  electric 
power  house  will  produce  as  much  transportation  as  two 
iioimds  burned  in  steam  locomotives. 

The  Government  requirements  for  fuel  oil  are 
enormous  and  the  supply  is  restricted  on  account  of  the 
reduced  output  from  domestic  fields,  Mexican  condi- 
lions  and  the  fact  that  the  Roumanian  fields  are  in  the 
l>ossession  of  the  Central  Powers.  Railroad  electrifica- 
lion  could  relieve  this  situation  considerably  and  water 
powers  are  already  available  or  may  readily  be  devel- 
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oped  for  the  electric  operation  of  many  of  the  most 
difficult  sections  of  the  railroads  now  using  oil-burning 
locomotives.  However,  the  smaller  fuel  consumption 
now  obtainable  by  the  use  of  steam-driven  sta- 
tions is  equally  as  important  as  the  utilization  of  water 
powers,  because  the  densest  railroad  traffic  and  the 
greatest  congestion,  is  in  territory  within  easy  range  of 
the  best  coal  fields  but  where  water  power  is  scarce  or 
extremely  costly  to  develop. 

At  first  glance,  electrification  may  seem  not  to  tend 
toward  the  conservation  of  materials.  The  construction 
of  overhead  lines;  substations  and  possibly  power  sta- 
tions calls  for  a  large  amount  of  material,  a  considerable 
proportion  of  which  is  copper  and  steel.  On  the  other 
hand,  fewer  electric  locomotives  than  steam  locomo- 
tives are  required  to  produce  the  same  quantity  of  ser- 
vice. Where  congestion  is  becoming  unendurable,  elec- 
tric operation  will  give  relief  which,  with  the  continu- 
ance of  steam  power,  could  be  obtained  only  by  build- 
ing additional  tracks  and  greatly  increasing  the  steam 
motive  power  equipment.     The  steam  locomotives  re- 


tion  in  the  round  house  and  shop  labor  of  caring  for 
and  repairing  motive  power  is  found  with  electric  lo- 
comotives. This  is  effected  largely  by  tlie  elimination 
of  the  boiler,  firebox  and  tender  which  are  essentials  of 
the  steam  locomotive  and  by  the  longer  time  possible 
between  "shoppings". 

The  combination  of  engine  divisions,  together  with 
more  exact  and  more  reliable  movement  of  trains  with 
electric  power  makes  possible  a  further  conservation  of 
man  power  by  reducing  the  number  of  despatchers  re- 
quired to  operate  a  given  trackage.  The  indirect  reduc- 
tion in  men  comes  chiefly  through  the  fuel  reduction  or 
elimination.  This  releases  men  from  mining  coal  or 
producing  oil,  from  handling  this  fuel,  and  from  operat- 
mg  and  maintaining  equipment  in  railroad  fuel  service, 
so  that  they  are  available  for  performing  similar  or 
other  service  in  producing  fuel  and  transportation  for 
the  needs  of  our  Government,  industries  and  Allies.  Of 
course,  all  of  the  man  power  thus  conserved  is  not  a 
net  gain,  because  the  maintenance  and  operation  of 
power  house,  substations,  transmission  and  distribution 


FIG.    I — HEAVY  TR.\CTION   LOCOMOTIVE      PULLING  A  FULL  TONNAGE  TRAIN   ON   A    MOUNTAIN  GRADE 

Two  of  these  270  ton  locomotives,  one  pushing  and  one  pulling,  haul  a  3250  ton  train  up  a  two  percent  grade  at  14  miles 
per  hour,  and  the  front  locomotive  holds  back  the  same  train  on  an  equivalent  grade  by  regeneration  with  less  than  full-load 
current.     For  lighter  trains  a  speed  of  28  miles  per  hour  can  be  obtained. 


leased  by  electrification  and  the  cars  relieved  from  haul- 
ing railroad  fuel  take  the  place  of  new  locomotives  and 
cars  for  increasing  the  capacity  of  unelectrified  divi- 
sions. It  is  apparent,  therefore,  that  these  features  in- 
dicate the  conservation  of  materials  by  means  of  electric 
operation. 

Diverting  millions  of  men  from  peaceful  pursuits  to 
war  activities  impose  upon  those  remaining,  the  duty  of 
working  more  efficiently.  To  this  end,  machinery  must 
replace  and  release  men  to  a  greater  extent  than  hereto- 
fore. Railroad  electrification  helps  to  conserve  man 
power  both  directly  and  indirectly.  Since  it  has  been 
proven  practicable  to  build,  and  operate  with  one  en- 
gine crew,  electric  locomotives  more  powerful  than 
steam  locomotives,  fewer  enginemen  are  required  to 
handle  a  given  traffic  electrically.  Not  only  can  larger 
trains  be  operated  at  higher  speeds,  but  delays  on  the 
road  are  materially  reduced  and  there  is  less  overtime 
and  little  conflict  with  the  16-hour  law.  The  operation 
of  larger  trains  at  higher  speeds  also  decreases  the  num- 
ber of  train  crews  for  a  given  traffic.     Material  reduc- 


.-^ystems  require  the  time  and  energies  of  some  men  not 
employed  in  the  operation  of  a  steam  railroad.  How- 
ever, in  any  case,  the  net  reduction  in  men  required  is 
great  and  increases  more  rapidly  than  in  proportion  to 
the  extent  of  the  electrification. 

One  of  the  greatest  benefits  derived  from  electri- 
fication is  the  increase  in  track  capacity  without  laying 
additional  rails.  Probably  there  are  few  places  where, 
under  steam  operation,  the  capacity  of  existing  track 
could  not  be  increased  by  the  use  of  larger,  more  effi- 
cient locomotives,  changes  in  train  make-up,  increased 
car-loading  and  modified  operating  conditions  such  as 
the  "sailing  dates"  for  1.  c.  1.  freight  recently  introduced 
on  certain  railroads.  All  such  improvements  can  be 
secured  equally  well  with  electric  operation,  and  in  addi- 
tion still  larger  trains  may  be  operated  at  higher  speeds 
with  greater  safety  and  reliability  and  fewer  delays. 
These  results  are  obtained  through  the  ability  to  con- 
centrate in  an  electric  locomotive  greater  power  than  in 
a  single  steam  locomotive,  to  operate  locomotives  in 
multiple,   and   in   the  electric  locomotive's   smoothness 
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of  control,  its  greater  availability  for  service,  the  greater 
mileage  between  overhauling  periods,  the  reduction  in 
railroad  fuel  handled,  the  less  serious  nature  of  road 
failures,  the  elimination  of  intermediate  engine 
terminals,  and  the  definite  speed  of  operation  on  the 
road.  The  movement  of  trains  at  higher  speeds  with 
fewer  delays  and  less  damage  enables  greater  mileage  to 
be  secured  from  cars  in  a  given  time.  This  saves  time 
in  furnishing  any  quantity  of  transportation  service  and 
the  time  thus  conserved  is  equivalent  to  increasing  the 
number  of  cars  available  for  service.  In  fact,  it  is  more 
than  equivalent,  for  there  is  less  likelihood  of  conges- 
tion in  handling  a  certain  traffic  with  looo  cars  than  if 
I200  cars  are  required  to  accommodate  the  same  traffic. 
The  National  City  Bank  Bulletin  for  December, 
1917,  contains  the  following: — 

"The  industries  cannot  expand  beyond  the  limits  fixed 
by  the  supply  of  pig  iron,  coal  and  railway  service.  If 
government  funds  can  be  used  to  remedy  this  situation  it 
will  be  the  most  effective  use  to  which,  at  this  time,  they 
can  be  applied.  Here  is  the  narrow  place  in  the  road,  and 
if  it  can  he  widened,  the  energies  of  the  country  will  pro- 
duce immensely  greater  results." 


ditional  facilities.  The  diversified  character  of  the  ma- 
terials and  apparatus  used  and  the  greater  service  ob- 
tained from  equal  weight  of  material  in  electrical  ser- 
vice make  it  practicable  to  secure  a  definite  increase  of 


KIG.    3 — SINGLE-PH.VSE  LOCOIIOTIVE   FOR   RELIEVING    ILXNIX 
CONGESTION 

These  130  ton  locomotives  haul  passenger  or  freight  trains 
with  steam  locomotive  fires  banked,  through  the  five  mile 
Hoosac  Tunnel.  Passenger  trains  now  go  through  this  tunnel 
with  the  windows  open  in  summer  time.  Whereas  only  one 
steam  operated  passenger  train  was  allowed  in  the  tunnel  at  a 
time,  three  trains  in  each  direction  are  now  allowed  in  the 
tunnel  simultaneously. 

railroad  facilities  with  electrification  more  readily  than 
by  building  additional  tracks,  widening  tunnels  and 
bridges  and  building  additional  steam  locomotives.  In- 
cidentally, in  many  cases,  electrification  is  economically 
ihe  best  method  of  securing  such  increase  in  track  ca- 
pacity. It  appears,  therefore,  that  intelligent  considera- 
tion of  the  present  situation,  the  probable  duration  of 
the  war  and  the  future  of  the  country,  carried  on  jointly 


FIG.    2 — .\     HIGH-SPEED    PASSENGER    LOCOMOTIVE     PULLING     AN    ALL 
STEEL   TRAIN    INTO   PENNSYLVANIA    TERMIN.-VL    STATION,   NEW    YORK 

In  regular  service,  these  locomotives  start  850  ton  trains 
on  a  two  percent  grade,  and  are  equally  adaptable  to  passenger 
service  at  60  miles  per  hour,  and  to  light  switcher  service.  The 
motors  are  rated  at  4000  hp  maximum. 

Electrification  is  adtnirably  adapted  to  "widening 
the  narrow  places"  in  the  railroads.  The  greatest  con- 
gestion, aside  from  terminals,  occurs  on  roads  handling 
ore,  fuel,  grain  and  munitions.  The  suggested  us;  of 
government  funds  (where  necessaiy)  to  assist  in  re- 
lieving this  congestion  appears  to  be  both  legitimate  and 
logical.  Government  assistance  might  be  secured  in  get- 
ting priority  of  manufacture  also,  since  the  apparatus 
to  be  built  would  be  utilized  to  improve  transportation 
facilities  largely  for  government  business.  The  manu- 
facture of  a  number  of  electric  locomotives  would  re- 
lease a  much  larger  number  of  steam  locomotives  and 
take  some  of  the  present  burden  from  the  steam  locomo- 
tive factories  by  reducing  the  number  of  boilers,  tenders, 
engine  frames  and  running  gears  which  such  factories 
would  have  to  build  for  a  given  amount  of  relief. 

Not  only  must  maximum  capacity  of  existing  fa- 
cilities be  secured  but  increased  facilities  at  the  weak 
points  of  our  transportation  systems  should  be  provided 
with  the  utmost  speed.  Labor  should  be  diverted  from 
non-essential  channels  to  the  construction  of  these  ad- 
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For  main  line  freight  haulage  on  the  Pennsylvania  Rail- 
road. Two  of  these  250  ton  locomotives  will  haul  a  3900  ton 
train  up  a  12  mile,  two  percent  grade  at  20.6  miles  per  hour. 
While  nominally  rated  at  4800  hp,  each  locomotive  will  exert 
a  starting  tractive  effort  of  130000  pounds,  corresponding  to 
maximum  rating  of  7000  hp.  Through  a  synchronous  phase 
converter,  its  three-phase  induction  motors  draw  single-phase 
current  from  the  trolley  at  unity  power-factor. 

by  our  Government  and  the  railroads,  should  lead  to 
some  electrification  immediately  and  to  the  more  exten- 
sive application  of  electric  power  to  railroads  when 
peace  comes. 


TilD 


]''^v),soj.ii;'!aJ.s  of  Ti'aiisi'oj'iiiOi' 


Pi'aciic 


o-.'yj 


RegiLlaiion 

E.  G.  Reed 


MAGNETIC  LEAKAGE  has  already  been  re- 
ferred to  as  being  the  cause  of  an  eddy  current 
loss  in  the  conductors,  but  no  reference  was 
made  to  another  phase  of  this  leakage,  which  is  the  in- 
troduction of  an  element  affecting  the  regulation  of  the 
transformer.  The  number  of  leakage  lines  flowing  in  a 
given  transformer  is  largely  dependent  upon  the  rela- 
tive position  of  the  primary  and  secondary  windings. 
Assuming,  for  instance,  a  transformer  whose  primary 
and  secondar\-  windings  could  occupy  the  same  space, 
the  primary  winding  would  tend  to  establish  a  leakage 
field  in  one  direction  and  the  secondary  to  establish  a 
leakage  field  in  the  opposite  direction,  resulting  in  the 
non-existence  of  an  actual  leakage  field.  If  now  the 
primary  and  secondaiy  coils  be  separated,  the  forces 
tending  to  establish  fields  around  the  coils,  no  longer  be- 
ing coincident  and  no  longer  completely  annulling  each 
other,  set  up  actual  leakage  fields.  Thus  if  the  coils  were 
sufficiently  separated,  none  of  the  lines  of  force  from 
the  primary  coil  will  reach  the  secondary,  in  which  case 
all  of  the  lines  through  the  primary  winding  will  be 
leakage  lines.  The  leakage  fluxes  from  the  two  coils  pro- 
duce an  effect  which  is  additive  and  it  is  allowable,  for 
the  sake  of  simplicity,  to  think  of  all  of  the  leakage  lines 
as  encircling  the  primary  winding  instead  of  being 
divided  between  the  two  parts.  The  equivalent  leakage 
flux  through  the  primary  coil  produces  a  counter  elec- 
tromotive force,  which  absorbs  part  of  the  impressed 
electromotive  force.  It  is  evident  that  this  part  of  the 
impressed  electromotive  force  does  not  reach  the  sec- 
ondary winding  and,  therefore,  its  magnitude  is  a  meas- 
ure of  the  magnetic  separation  of  the  windings.  The 
counter  e.m.f.  due  to  the  leakage  flu.x,  is  at  right  angles 
to  the  counter  e.m.f.  due  to  the  normal  flux  in  the  mag- 
netic circuit  at  no  load.  This  of  course,  assumes  that 
the  load  current  is  in  phase  with  the  terminal  voltage ; 
that  is,  that  the  transformer  is  delivering  current  to  a 
non-inductive  load.  The  phase  relation  of  the  counter 
e.m.f.  due  to  the  normal  flux  in  the  magnetic  circuit  at 
no  load,  becomes  evident  when  it  is  considered  that  the 
leakage  flux  is  in  time  phase  with  the  primary  load  cur- 
rent, which  in  turn  is  displaced  90  degrees  in  time  phase 
relation  from  the  normal  flux  in  the  magnetic  circuit  at 
no  load. 

If  the  secondary  of  a  transformer,  the  resistance  of 
whose  windings  is  negligible,  be  short-circuited,  the 
voltage  delivered  to  the  load  becomes  zero  and  the  volt- 
age impressed  on  the  primary  winding  is  only  that  re- 
quired to  balance  the  counter  e.m.f.  due  to  the  leakage 
flux.  The  voltage  in  this  case,  when  normal  full-load 
current  flows  through  the  short-circuited  secondary,  be- 
comes the  measure  of  the  magnetic  separation  of  the 
windings.  Of  course  a  transformer  winding  has  resist- 
ance and  in  this  test  the  impressed  voltage  is  partly  used 


in  sending  full-load  current  through  this  resistance. 
Considering  the  short-circuited  transformer  as  an  induc- 
tive coil,  the  impressed  voltage  required  to  drive  full- 
load  current  through  its  windings  is  its  impedance  volt- 
age. This  impedance  drop  may  be  resolved  into  two 
components  at  right  angles  to  each  other,  the  one  in  time 
phase  relation  with  the  current  being  the  resistance  drop 
through  the  windings  and  the  second  being  the  reactive 
element  which  results  from  the  magnetic  leakage.  The 
percent  impedance  of  the  transformer  is  the  impedance 
voltage  expressed  as  a  percentage  of  the  normal  voltage 
of  the  winding  upon  which  the  impedance  volts  drop 
was  determined.  The  peixent  reactance  of  a  trans- 
former, is  the  reactive  volts  drop  expressed  as  a  percent- 
age in  a  similar  manner.  The  percent  reactance  cannot 
be  measured  directly  but  must  be  calculated  from  the 
percent  impedance  drop,  the  percent  drop  in  phase  with 
the  current  and  the  known  relation  between  tliese  three 
quantities.  The  percent  voltage  drop  in  phase  with  the 
current  has  the  same  value  as  the  total  copper  loss,  ex- 
pressed as  a  percentage  of  the  k.v.a.  output  rating  of  the 
transformer. 

CALCULATION  OF  TRANSFORMER  REACTANCE 

It  is  sometimes  necessary  to  know  the  percent  re- 
active drop,  when  the  impedance  value  is  not  known. 
The  following  method  of  approximating  this  reactance, 
from  the  constants  of  the  transformer,  is  only  approxi- 
mate, as  certain  assumptions  must  be  made  as  to  the 
length  and  section  of  the  leakage  paths  which  are  not 
exact.  The  method  applies  particularly  to  the  concen- 
tric type  of  winding  shown  in  Fig.  I,  but  the  same 
method  can  be  applied  to  the  interleaved  type  of  wind- 
ing. 

Since  the  currents  in  the  high  and  low-tension 
windings  of  a  transformer  are  opposite  in  time  phase 
relation,  at  each  point  along  the  gap  separating  them 
there  is  a  magnetomotive  force  equal  to  the  ampere- 
turns  in  either  winding  tending  to  produce  a  magnetic 
flux  through  the  gap.  This  m.m.f.  is,  0.4  I  T,  I  T  being 
the  ampere-turns  in  either  winding.  The  reluctance  of 

the   leakage  path   is,--^- ,  /  being   the  length  of   the 

leakage  path,  h  the  mean  turn  of  the  gap  between  v  Hid- 
ings and  g  the  width  of  the  gap.  The  flux  through  the 
gap  is, — 

<P,  =  ^._,^±iZAA in 

10       I 

The  constant  2.54  permits  the  linear  distances  to  be 
exi)ressed  in  inches  instead  of  centimeters.  This  flux  is 
in  phase  with  the  current  in  the  winding  and  is  there- 
lore  90  degree  in  time  phase  relation  from  the  flux  pro- 
ducing the  terminal  voltage.  As  stated  before,  the  leak- 
age flux  may  be  thought  of  as  giving  rise  to  an  effect 
equivalent  to  an  inductance  connected  in  series  with  the 
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transformer.  By  definition  the  inductance  L  of  a  coil, 
in  c.g.s.  units,  is  equal  to  the  flux  which  will  be  produced 
through  the  coil  by  unit  current.  Therefore,  when  L  is 
expressed  in  henrys, — 

L  =  '°  ^  "^ 

id^  I 

Substituting  the  value  of  $   in  this  expression  from 
equation  (i)  gives,— 

^2.0    T- 

L   =    TT    -J-  U  g 


IL-U- 


\ 


Winding 


FIG,    I — SECTION   THROUGH   A   CONCENTRIC   WINDING  OF  A  CORE-TYPE 
TRANSFORMER 


This 
or,— 


i-es  a  reactance  voltage  of    r  =  ptt/  L  / 


fT-I 


l',g 


(--) 


'  ~  Id'       I 

Expressing  this  as  a  percentage  of  the  voltage  E  of 

the  transformer  gives, — 

Percent  reactance  2       f  T-I 

for  flux  throng  li  air-gap  =  J^         fif 

The  m.m.f.  tending  to  produce  leakage  through  the 
windings  is  a  maximum  at  the  inner  edges  adjacent  to 
the  gap  between  them  and  decreases  to  zero  at  the  outer 
edges.  Between  these  limits,  it  is  proportional  to  the  dis- 
tance from  the  gap.  As  in  the  discussion  of  eddy  cur- 
rent loss,  it  is  assumed  that  there  are  two  main  paths 
of  the  leakage  flux  in  the  windings,  one  returning 
through  the  magnetic  circuit  and  one  being  entirely 
within  the  coil  itself.  Consider  first  the  leakage  path 
which  returns  through  the  magnetic  circuit  of  the  trans- 
former. The  m.m.f.  acting  on  the  small  section  of  the 
primary    windings   of   width   dx   shown   in   Fig.    i,    is 

- — yIT.        The  reluctance  of  this  leakage  path  is    .   ' 
where  h  is  the  mean    turn    of    the    primaiy    winding. 
Then, — 


</$„  = 


2.S4  ^--'  IT 


■dx- 


10  )'-'''      / 
This   flux   encircles   the    fractional  -part  -y-  of   the 

turns  of  the  coil  and  therefore  the  fractional  part  -y^  of 
the  flux  should  be  counted  as  encircling  the  entire  coil, 
so  that, — 


</$t, 


^TT     X- 


IT-fd.v 


or 


*„ 


2  A  I  IF 


v---;  dx 


*„  = 


^■54 


or 

10 


It  has  been  assumed  that  the  mean  turn  of  the  sec- 


tional area  of  width  dx,  has  a  constant  length  equal  to 
the  mean  turn  of  the  coil.  This  assumption  will  not  in- 
troduce an  error  greater  than  that  to  which  the  final  re- 
sult is  subject,  due  to  the  uncertainty  regarding  the 
length  of  the  leakage  path.  Similarly  the  leakage  flux 
through  the  primary  coil  is, — 

^.^2.54'-  {IT),  J- J 

The  percent  reactance  due  to  this  leakage  flux 
through  the  windings  may  be  determined  in  the  same 
manner  as  used  for  deriving  equation  {2)  as  follows, — ■ 

Percent  reactance  _  _£   /  (-^  T-) ,,  /p   > 

Jorfliix  through  primary       lo"    I      Ep 

Percent  reactance  -    '     ('  ^  ')^ 

for  flux  through  secondary 


t,  X 


I    Es 


•  Cf) 


Since,  ■ 


Percent  reactance 
for  flux  through  secondary 


equation  (4)  may  be  written, 
2      f  (/7--')„  /,A- 


G-) 


i<)'      I    /;"„       _? 

Adding  equations  {2),  {3)  and  (5),  gives  the  total 

percent  reactance  of  the  transformer  due  to  the  leakage 

paths  which  return  through  the  magnetic  circuit  as, — 


Totat  percent  reactance  „  ^^  ,  tt« 

,      n   '       ,        ■  0.00 J 11- 

jor flux  returmng        —  — ./ — — 

through  magnetic  circuit  ■^'^''  '    ^ 


{3kfC+lv  y+l,X)...{6) 


It  will  be  noted  that  UX,  UY  and  hg  are  the  areas 
of  the  secondary  winding,  primary  winding  and  duct  re- 
spectively, at  right  angles  to  the  path  of  the  leakage 
flux.  This  will  suffice  to  outline  the  procedure  in  case 
the  windings  or  ducts  are  not  uniform  in  thickness. 

In  addition  to  this  leakage  flux,  whose  path  is  partly 
in  air  and  partly  in  the  magnetic  circuit,  there  are  addi- 
tional leakage  lines  in  the  coils  themselves  whose  paths 
do  not  enter  the  magnetic  circuit.  The  effect  of  such 
lines  is  much  less  than  that  of  the  leakage  approximated 
by  equations  (j)  and  (-•/).    The   reactance   due   to   the 
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FIG.   2 — EFFECT  ON  THE  REACTANCE  OF  A  CONCENTRIC  TRANSFORMER 
WINDING 

Produced  by  changing  from  a  symmetrical  to  an  unsym- 
metrical  coil  grouping.  The  total  thickness  of  the  low-voltage 
winding  remains  constant  and  equal  to  the  thickness  of  the  high- 
voltage  winding. 

leakage  in  the  coils  themselves,  can  be  approximated  by 
the  same  method  as  used  for  the  main  leakage  flux. 
Making  the  same  assumptions  as  when  calculating  the 
eddy  current  loss  due  to  leakage  flux  through  the  wind- 
ings,* the  flux  through  a  small  path  dx  in  the  coil  is, — 


d^,  =  -'-54  -77  Jy 


IT 


1+  K 


-  xdx 


*In  the  Journal  for  Aug.  '17,  p.  308. 
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Since  this  flux  encircles  the  fractional  part 


4  A'.i- 
l.\ 


of  the  total  turns,  this  fractional  part  of  the  total  flux 
should  be  counted  as  encircling  the  entire  coil,  there- 
fore,— 


d^r. 


*„ 


^•54- 


4ir 


2-54  ■ 
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"l>p  =  o.igg 


or 

V  /  +  A-^;    /■• 
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IT 


For  the  values  of  K  ordinarily  existing  in  trans- 
formers, ■ — I — r^  may  be  written  as  K,  then, — 


%  =  O.I99  IT- 


y 


Following  the  same  procedure  as  before,- 

Percenl  reactance 

tor  flux  witliin  secondary 

Total  percent  rcactatice       __ 
for  flux  ivitliin  -windings 
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The  total  reactance  is  therefore, — • 

From  the  above  it  is  evident  that  the  part  of  the  re- 
actance due  to  the    leakage  flux  through    the  coils  and 


the  groups  only,  taking  the  mean  turn  of  the  air-gap  as  the 

average  of  the  two  gaps. 

f  =  (x,  /,  =  26  F  =  I 

T  =  200  E  :=  2300  /g  =  30 

/  =  21.8  X  =  I  g  —  0.2 

/  =  10  /p  =  34 

Percent  reactance  = 

60  X2/.SX  200-  /  \ 

icy' X  10X2300  V  X  30  X  0.2  -f  0.79  Cj^  X  /  -I-  26  X  /)  )  =  i.36 

Assuming  that    the  reactance   of  both    H-L  groups  is    the 
same,  the  total  reactance  would  be  2.72  per  cent. 

TRANSFORMER  REGULATION 

The  regulation  of  a  transformer  is  defined  as  the 
drop  in  secondary  voltage,  from  no-load  to  full  load,  in 
terms  of  the  full-load  voltage.  In  the  calculation  of 
transformer  regulation,  there  are  three  different  condi- 
tions of  load  which  must  be  considered.     These  are 

I — With  load  of  unity  power-factor. 

2 — With  load  of  lagging  power-factor. 

3 — With  load  of  leading  power-factor. 

With  a  load  of  unity  power-factor,  the  relation  of 
the  various  factors  involved  is  shown  in  Fig.  3,  where 
£1  is  the  secondary  voltage  at  no  load  and  E^  the  second- 
ary voltage  at  full  load.  The  quantities  IR,  IX  and  IZ 
are  the  resistance,  reactance  and  impedance  drops  in  the 
transformer  at  normal  load  in  terms  of  its  characteris- 
tics as  referred  to  the  secondary  side.     By  definition, — • 

E,-E«      AF      AC-\-CF 
Regulation  =    — -p—  = -p,=  -p- (<^) 


FIG.    3 — REGULATION   DIAGRAM    FOR  LOAD  OF 
UNITY  POWER-FACTOR 
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FIG.   4 — REGULATION     DIAGRAM      FOR      LOAD 
OF  LAGGING   POWER-FACTOR 


FIG.    5 — REGULATION   DIAGRAM    FOR  LOAD  OF 
LE.^DING  POWER-F.\CTOR 


returning  in  the  magnetic  circuit  is  more  than  five 
times  as  large  as  the  part  due  to  the  leakage  flux  with- 
in the  windings.  In  order  to  obtain  the  total  reactance 
of  a  transformer  winding,  the  reactance  of  each  high- 
low  group  must  be  calculated  separately  and  the  results 
added.  A  transformer  winding  may  be  composed  of  a 
number  of  H-L  groups;  for  example,  if  the  winding  is 
composed  of  a  high  voltage  coil  between  two  low-volt- 
age coils,  the  winding  is  said  to  have  a  2  H-L  coil  group- 
ing, the  number  of  H-L  groups  being  the  number  of 
times  the  high  and  low  voltage  coils  are  adjacent  to 
each  other.  Increasing  the  number  of  H-L  groups,  de- 
creases the  magnetic  leakage  and  thus  reduces  the  eddy 
current  loss  and  the  transformer  reactance.  This  is 
largely  due  to  the  ampere  turns  producing  leakage  flux 
being  distributed  and  not  concentrated  as  with  a  single 
H-L  grouping.  The  curve  in  Fig.  2  gives  an  idea  as  to 
the  variation  of  the  reactance  of  a  given  transformer, 
with  change  of  the  grouping.  It  is  assumed  that  the  total 
coil  thickness  remains  constant,  as  well  as  the  relative 
thickness  of  the  high  and  low  voltage  coils. 

Example : —  What  is  the  percent  reactance  of  a  so  k.v.a-, 
2300  to  230  volt,  60  cycle  transformer,  having  the  follo-wing  con- 
stants? This  transformer  has  a  2  H-L  winding  group,  but  for 
the  sake  of  simplicity  we  will  calculate  the  reactance  for  one  of 


In  equation  (8),  AC  is  the  IR  volts  drop  and  CF  is 
determined  as  follows,  from  the  similar  triangles  D  B  C 
and  B  C  F,  Fig.  3, — 

DC       BC 

BC  ~  CF 


or 


CF  = 


{BC)"- 
DC 


.(9) 


From  Fig.  3  it  is  apparent  that  DC  is  approximately 
equal  to  2  E^,  since  the  relative  values  of  AC  and  F„  are 
something  like  5  to  100.  Therefore,  since  BC  is  equal  to 
IX.— 

{ixy- 


CF 


2E-2 


Equation  {8)  may  now  be  put  into  the  form,- 


Rcgulation  = 


{IX)- 


or 


Percent  Regulation  =  Percent  IR  ■\- 


{Percent  IX)- 


■  (/") 


With  a  load  having  a  lagging  power-factor,  the 
various  quantities  have  the  relation  shown  in  Fig.  4.  By 
definition, — 
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Regulation  = 


AF 


hi        ~    hi 
IR  cos  e  +/-V  siitd+HP 


From  Fig.  4, — 


HF- 


^2 

2  hi 


This  is  a  relation  similar  to  the  one  shown  by  equa- 
tion (9).     But, — 

BH  =  IXcoi  d  -  IK  silt  d 
or  ■ 

IR  cos  8  +  IXsi>!  6   ,     ^  .  (IXcosd-IR  siiidy- 
Reeulatwn  = +  o.^  i 

h'i  h'2 

or 

F^rcoii         ^  Prrccii/  IR  cos  6  +  Pcrccnl  IX si,i  6  + 
Regutaiion 

{I'erceni  IXcos  B~  Percent  IR  sin  fl)- 
200 
For  ordinary  use  the  last  term  of  this  expression 
may  be  omitted.  Then, — 

Percent  Regulation  =  Percent  IR  cos  B  +  Percent  I.r  sin  8...  {i  i) 
With  a  load  having  a  leading  power-factor,  the  con- 
ditions are  shown  by  Fig.  5.  By  definition, — 

El  -  E;       AF 
Regulation  =  ^r —    =  -j^ 


From  Fig.  5,- 


IR  cos  8  -  IXsin  8  +  HF 
?  E« 

{BHy- 


HF  = 


2  El 


This  is  a  relation  similar  to  the  one  shown  by  equa- 
tion (p).     But, — 

BH  =  IXcos  e  +  IRsin  8 
Hence, — 

Regulation  =  I^cos  8  -  IXsin  6  ^  ^.  jIXcosQ  +   IRsin  By 
hi  El 

or 

Percent  ^  n 

Rc<rulation  =  Percent  IRcos  8  —Percent  IXsin  0  -)- 

{Percevi  IXcos  B  +  Percent  IRsi'i  6)-^ 

200 

For   ordinary  use  the  last  term  of  this   expression 
may  be  omitted  without  error,  then, — - 
Pel  cent  h'egulation  =  Pi  rcent  IRcos  8  —  Percent  IXsin  B  . .  {/2) 

Examfle : —  What  is  the  percent  regulation  with  a  100  per- 
cent power-factor  load,  of  a  five  k.v.a-  transformer  which  has  a 
copper  loss  of  85  watts  and  an  impedance  of  three  percent? 

If  the  transformer  has  an  impedance  of  three  percent  and  a 
resistance  drop  of  1.7  percent,  the  reactance  drop  is  3" — 1.7"  or 
2.47  percent.     Then,  the  regulation  is,   from  equation    (10), — 

(2.4^)- 
Pcrcent  Rc'tilalion  =  /./  -I-  ■ =  /.,-,-• 

The  regulation  of  the  same  transformer  with  an  80  percent 
lagging  power-factor  load  is,  from  equation  (11), — 

Percent  Regulation  =  1.7  X  0.8  -I-  2.47  X  0.6  =  2.84. 

The  regulation  with  a  load  having  a  leading  power-factor 
of  90  percent  is,  from  equation  (12), — • 

Percent   Regulation  =  1.7  X  0.9 — 2.47  X  o-44  =  0.44. 

With  a  load  having  a  leading  power-factor  load  of  80  per- 
cent, the  regulation  would  be  negative.  That  is,  the  voltage  de- 
livered at  full  load  would  be  greater  than  the  no-load  voltage. 


£^..\  I 


J    i 


{(0  to  AccidDjiiai 


M.    H.    COI-LBOHM 

SERVICE  disturbances  or  interruptions  in  trans- 
mission systems  are,  in  most  cases,  occasioned  by 
grounds  or  short-circuits  on  the  power  line 
through  outside  influences,  such  as  lightning,  sleet,  or 
wind.  Effective  means  for  eliminating  such  causes  can- 
not, therefore,  be  provided  within  the  system  itself  and 
relief  can  only  be  sought  in  suppressing  their  bad  effects 
upon  the  system.  Aside  from  the  installation  of  ground 
wires  above  the  power  line  and  arcing  horns  for  insula- 
tor protection,  no  means  can  be  provided  on  the  line  it- 
self to  eliminate  such  disturbing  effects  immediately  at 
the  place  of  their  first  appearance  on  the  system.  For 
this  reason,  the  disturbances  must  be  permitted  to  travel 
along  the  line  and  to  reach  the  station,  where  suitable 
devices  for  rendering  them  harmless  can  be  installed 
conveniently  and  to  good  effect.  Grounds  can  be  taken 
care  of  by  special  apparatus  within  the  stations  without 
service  interruption,  while  short-circuits  usually  inter- 
rupt the  service  on  the  affected  line  by  the  automatic 
opening  of  switches  or,  if  they  do  not  operate,  by  the 
throwing  out  of  step  of  the  synchronous  machines  in  the 
systein,  due  to  excessive  voltage  drop. 

Different  kinds  of  equipment  are  in  use  for 
the  elimination  of  ground  trouble,  depending  upon 
whether  the  system  operates  with  the  neutral  point  iso- 
lated, dead-grounded,  or  grounded  through  a  resistance. 


In  an  Isolated  System,  use  is  made  of  tlie  unbalanced 
electrostatic  condition  produced  by  a  ground  to  operate 
a  relay,  which  in  turn  dead-grounds  the  affected  phase 
through  an  oil  switch.  This  short-circuits  the  accidental 
ground  and  extinguishes  any  arc  for  lack  of  voltage  to 
maintain  it.  By  opening  the  oil  switch  immediately, 
normal  conditions  are  again  established  unless  the  ac- 
cidental ground  is  such  as  to  re-establish  the  arc  to 
groimd  on  reapplication  of  normal  voltage.  This 
grounding  equipment,  called  the  arc  suppressor,*  is 
usually  so  adjusted  as  to  close  and  open  the  grounding 
oil  switch  automatically  several  times  in  case  of  a  per- 
sistent ground  and  finally  remain  closed  if  the  ground 
cannot  be  removed  thereby. 

In  a  System  with  the  Neutral  Dead-Grounded,  an 
accidental  ground  on  any  phase  constitutes  a  short-cir- 
cuit and  either  opens  the  circuit  breaker  or  reduces  the 
voltage  of  the  system,  thereby  causing  the  synchronous 
apparatus  to  fall  out  of  step.  This  results  in  an  inter- 
ruption of  service  every  time  a  ground  occurs  and  means 
can  only  be  provided  to  shorten  the  period  of  interrup- 
tion and  to  make  the  effect  of  the  short-circuit  upon  the 
system  less  severe.  To  accomplish  this,  an  equipment  is 


*"Protection  of  Electric  Transmission  Lines"  by  E.  E.  F. 
Creighton  in  Trans.  A.LE.E.,  191 1,  p.  257. 
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provided**  consisting  of  a  face  plate  with  a  number  of 
contacts  and  a  motor  operated  contact  arm  traveling 
over  these  contacts.  The  connections  from  these  contact 
points  to  the  apparatus  and  the  sequence  of  operation 
are  such  that  in  case  of  a  ground  the  resulting  short-cir- 
cuit current,  through  the  action  of  an  overload  relay, 
causes  the  motor  driven  contact  arm  to  travel  slowly 
over  the  face  plate  contacts,  thereby  causing  the  follow- 
ing operations  to  be  performed  in  the  order  given : — 

I— The  generator  field  switch  is  tripped  open,  thereby  re- 
ducing the  generator  voltage  practically  to  zero  and  ex- 
tinguishing the  accidental  arc  to  ground. 
2 — The  generator  field  switch  is  again  closed  permitting  the 
generator  voltage  to  build  up  again  to  normal. 

If  the  arc  to  ground  starts  again  on  re-application 
of  voltage,  the  cycle  is  repeated  several  times,  and  if  the 
arc  still  persists,  service  will  have  to  be  interrupted  until 
the  trouble  is  removed  or  isolated.  This  inethod  takes 
care  of  troubles  obtaining  on  the  system  as  a  whole. 
For  local  distribution  feeders  and  possible  certain  trans- 
mission lines  a  system  is  provided  that,  on  occurence  of 
overloads  due  to  grounds,  automatically  interrupts  the 
circuit  for  a  \tvy  brief  interval,  immediately  reclosing 
the  circuit-breaker  and  limiting  this  cycle  of  operation 
to  a  definite  number  so  that  the  feeder  is  automatically 
disconnected  if  permanently  disabled. 

The  service-restoring  system  is  applicable  to  both 
grounded  and  ungrounded  circuits,  in  the  latter  case 
caring  also  for  short-circuits. 

In  a  System  Grounded  through  a  Resistance,  an  ac- 
cidental ground  does  not  produce  a  short-circuit  but 
merely  constitutes  an  additional  single-phase  load,  held 
within  convenient  limits  by  the  resistance  of  the  ground 
resistor  between  transformer  neutral  and  ground.  The 
value  of  the  resistor  connected  in  the  neutral  circuit 
may  vary  from  that  required  to  automatically  trip  the 
feeder  circuit-breaker  under  grounded  conditions  to  the 
relatively  high  value  sufficient  to  give  indications  on  the 
station  instruments.  This  latter  value  is  the  one  used  in 
the  scheme  discussed  below. 

For  this  system  one  method  of  providing  for 
grounded  circuit  conditions  is  to  install  in  a  three- 
phase  system  independent  oil  switches  connected 
between  each  of  the  three  high-tension  bus-bars 
and  ground.  A  current  transformer  in  the  ground  rheo- 
stat lead  indicates  the  presence  of  a  ground  through  the 
sounding  of  an  alarm  bell  and  the  lighting  up  of  a  sig- 
nal lamp.  To  remove  an  accidental  ground,  it  is  only 
necessary  to  ascertain  froin  the  line  ammeters  which 
phase  is  grounded  and  then  close  the  oil  switch  connect- 
ing this  phase  to  ground,  thereby  grounding  the  affected 
line  conductor  and  extinguishing  the  accidental  arc.  By 
opening  this  grounding  oil  switch  immediately,  normal 
conditions  are  again  established  without  having  caused 
a  service  interruption.  If  the  accidental  ground  persists, 
the  grounding  oil  switch  will  be  kept  closed  and  the 
rheostat  switch  open  until  the  affected  feeder  can  be 
isolated.  The  S3'stem  described  herein  involves  manual 
operation  of  the  circuit  breakers.     Similar  methods  pror 


**'The  Restoration  of  Service  after  a  Necessary  Interrup- 
tion" by  F.  E.  Ricketts,  in  Trans.  A.  I.  E.  E.,  1916,  p.  635. 


viding  automatic  operation   of  the   short-circuiting  or 
by-passing  device  are  also  in  use. 

As  the  relative  merits  of  the  various  methods  de- 
pend upon  their  operating  characteristics  and  their  ef- 
fect upon  the  system,  it  may  be  of  interest  to  point  out 
the  distinguishing  features  of  these  equipments  and  their 
influence  upon  service. 

POTENTIAL  STRESSES 

Due  to  the  fact  that  the  grounded  system  has  metal- 
lic connection  to  ground,  no  slow  accumulation  of  static 
potential  is  possible  as  any  such  potential  is  drained  off 
by  the  ground  connection  as  soon  as  formed.  This  can- 
not be  accomplished  in  the  ungrounded  system,  as  the 
arc  suppressor,  if  electrostatically  controlled,  operates 
only  if  the  electrostatic  balance  of  the  circuit  is  ma- 
terially disturbed,  which  would  not  obtain  in  this  case, 
and  as  there  is  no  other  connection  to  ground  to  drain 
oft'  the  static  potential.  There  exists,  therefore,  in  the 
ungrounded  system  the  possibility  of  potential  accumu- 
lation which  is  absent  in  the  grounded  system,  and  for 
this  reason  the  insulation  resistance  of  the  entire  plant 
must  be  higher  in  the  ungrounded  system  in  order  to  ob- 
tain the  same  factor  of  safety.  In  making  this  state- 
ment, it  is  recognized  that  the  arresters  will  discharge 
any  potential  above  ground  over  that  for  which  they 
are  set,  which  would  seem  to  bring  both  the  grounded 
and  ungrounded  systems  on  a  par  in  respect  to  danger 
from  excessive  potential  stresses.  There  exists,  how- 
ever, a  'decided  difference  in  that  any  excess  potential 
stress  in  the  grounded  system  is  only  of  inomentary  dur- 
ation while  the  potential  accumulation  in  the  un- 
grounded system  may  produce  stresses  lasting  a  consid- 
erable tiine  and  which  inay  become  dangerous  through 
the  fact  that  the  resistance  of  the  insulating  material 
against  puncture  decreases  with  the  time  of  application 
of  the  electrostatic  stress. 

Aside  from  the  stresses  produced  by  slow  accumu- 
lation of  static  tliere  also  exists  the  danger  from  ex- 
cessive voltage  produced  by  resonance  under  oscillating 
ground  conditions.  Although  the  time  elapsing  between 
the  appearance  of  the  oscillating  ground  and  the  mo- 
ment the  arc  suppressor  has  completed  its  operation  may 
be  short,  it  may  yet  be  sufficient,  if  circuit  conditions  are 
favorable  for  resonance,  to  break  down  the  insulation 
at  some  point  in  the  system.  This  danger  becomes  more 
important  if  the  arc  suppressor  is  designed  to  close  and 
open  the  ground  connection  automatically  several  times 
in  succession  which  would  throw  repeatedly  severe 
shocks  upon  the  systein  and  might  produce  a  breakdown 
thereby.  The  danger  from  this  cause  is  entirely  elimi- 
nated in  the  grounded  system,  where  a  ground  cannot 
becorne  oscillatory  on  account  of  the  dynamic  power 
which  passes  over  the  arc  and  furnishes  the  necessary 
energy  to  maintain  it. 

MECHANICAL  STRESSES 

As  pointed  out  before,  every  accidental  ground  in  a 
dead-grounded  system  constitutes  a  short-circuit  on  the 
affected  phase  witli  a  resulting  heavy  rush  of  current. 
This  is  a  condition  producing  extremely  heavy  mechani- 
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cal  stresses  within  the  generators  and  transformers 
which  is  further  aggravated  by  the  fact  that  the  short- 
circuit  is  usually  permitted  to  exist  for  at  least  two  sec- 
onds before  the  protective  equipment  is  allowed  to  op- 
erate, in  order  to  permit  any  grounded  feeder  of  minor 
importance  to  trip  off  during  this  interval  and  thereby 
clear  the  rest  of  the  system.  These  heavy  mechanical 
stresses  constitute  a  grave  danger  to  the  apparatus. 
They  result  in  rapid  deterioration  and,  according  to  ex- 
perience, will  in  time  cause  a  breakdown.  This  danger- 
ous condition  exists  only  remotely  in  the  isolated  system 
where  heavy  current  surges  may  become  possible 
through  resonance,  but  is  entirely  absent  in  the  system 
protected  by  a  ground  rheostat. 

RELIABILITY  OF  OPERATION 

As  Stated,  there  is  an  element  of  danger  in  the  un- 
grounded system  due  to  the  time  required  for  the  arc 
suppressor  to  perform  after  the  oscillatory  ground  has 
come  into  existence,  and  especially  so  if  the  arc  sup- 
pressor is  set  for  repeated  successive  action.  It  is,  there- 
fore, imperative  that  the  arc  suppressor  be  absolutely 
dependable  at  all  times  and  under  all  conditions,  and 
even  then,  the  danger  cannot  be  eliminated. 

Although  the  protective  equipment  used  in  the 
dead-grounded  system  adapts  itself  to  more  rugged  con- 
struction, it  is  yet  more  elaborate  than  that  used 
with  the  ground  rheostat,  and  therefore,  does  not 
possess  quite  as  high  a  degree  of  reliability.  The  main 
objection  however,  lies  in  the  danger  to  the  station  ap- 
paratus through  the  heavy  mechanical  stresses  set  up  by 
the  ground  currents,  which  decreases  the  safety  factor 
of  the  system  as  a  whole. 

Entirely  different  conditions  obtain  in  the  grounded 
S3'stem  using  the  metallic  ground  rheosat  for  indicating 
accidental  grounds.  In  this  case,  a  failure  of  the 
grounding  equipment  to  operate  means  no  danger  to  the 
system  for  the  reason  that  no  oscillating  arc  and,  there- 
fore, no  dangerous  potentials,  can  exist  nor  can  there  be 
any  severe  mechanical  stresses.  The  essential  difference 
in  the  various  systems  in  this  regard  is,  therefore,  as 
follows : — 

1 — In  the  system  with  neutral  isolated,  a  ground  becomes 
oscillatory     and,     therefore,     dangerous     and     requires 
proper  and  immediate  action  to  remove  this  danger, 
2 — In  the  system  with  the  neutral  dead-grounded,  a  ground 
becomes    a  short-circuit  and  sets  up  heavy    mechanical 
stresses  in  the   station   apparatus,   thereby   seriously   en- 
dangering the  equipment. 
3 — In  the  system  using  the  ground  rheostat  a  ground  does 
not  introduce  danger  and  failure  of  the  grounding  equip- 
ment to   perform    properly    is    of    no    immediate    conse- 
quence. 
The  reliability  of  a  grounding  rheostat  in  high-volt- 
age work  can  be  increased  by  dividing  the  rheostat  in- 
to a  number  of  sections  in  series,  each  placed  upon  high- 
voltage   insulators  and  preferably  located   in   separate 
compartinents.  This    reduces   the   voltage    drop   across 
each     section     and     thereby     renders     the     apparatus 
thoroughly  reliable  as  shown  by  many  years  of  practical 
experience. 

ATTENDANCE  REQUIRED 

On  account  of  the  danger  that  lies  in  the  time  re- 
quired by  the  arc  suppressor  to  operate,  this  time  must 


be  made  as  short  as  possible  and  demands,  therefore,  an 
automatic  operation. 

The  ground  rheostat  with  grounding  switch 
equipment  does  not  require  automatic  operation.  The 
only  relay  which  is  required  serves  to  ring  an  alarm  bell 
and  light  a  signal  lamp  and  is  of  very  simple  construc- 
tion needing  no  special  or  constant  care. 

DETECTION  OF  FAULTY  LINE 

It  is  very  important  to  ascertain  on  which  feeder 
the  trouble  exists  in  order  to  be  able  to  isolate  it  for  re- 
moving the  influence  of  its  fault  upon  the  rest  of  the 
system,  and  to  begin  repair  work  on  the  damaged  feeder 
at  the  earliest  possible  moment.  Neither  the  arc  sup- 
pressor nor  the  equipment  used  in  the  dead-grounded 
and  low-resistance  grounded  systems  lends  itself  readily 
to  the  detection  of  the  damaged  line  without  disconnect- 
ing the  circuit  for  the  reason  that  the  time  for  the  ob- 
servation of  the  swichboard  instruments  before  the  pro- 
tective equipment  begins  to  operate  is  very  short.  In 
most  cases  the  operator  will,  therefore,  not  be  in  a  posi- 
tion to  detect  the  damaged  line  from  instrument  read- 
ings. Furthermore,  as  an  arcing  ground  generally  affects 
the  whole  system,  instrument  indications  are  apt  to  be 
indefinite  and,  therefore,  unreliable.  Compared  with  the 
positive  and  very  distinct  readings  of  the  line  ammeters 
in  the  system  operating  with  a  grounding  rheostat  where 
sufficient  time  can  be  allowed  for  a  convenient  reading 
of  the  instruments,  the  superiority  of  the  grounding 
rheostat  in  this  respect  is  evident. 

ADVANTAGE  OF  GROUND  RHEOSTAT  FOR  LINE 
TESTING  AND  EMERGENCY  CONSTRUCTION 

An  additional  benefit  may  be  obtained  from  a 
ground  rheostat  in  testing  out  a  new  line  or  one  having 
been  repaired.  Usually  service  does  not  permit  the 
gradual  building  up  of  voltage  on  a  new  or  repaired  line 
and  even  if  this  were  feasible,  the  possible  sudden  ap- 
pearance of  an  accidental  short-circuit  near  full  voltage 
would  throw  a  very  severe  strain  upon  the  system,  with 
the  likelihood  of  damage  and  service  interruption.  This 
danger  can  be  avoided  by  the  use  of  the  ground  rheostat 
by  connecting  up  each  line  conductor  separately  in  suc- 
cession through  disconnecting  switches  without  lowering 
the  voltage.  A  ground  will  then  be  detected  and  located 
among  the  various  conductors  immediately  and  without 
disturbance.  Frequently  a  line  is  projected  for  a  double 
circuit  with  the  idea  of  adding  the  duplicate  line  at  some 
future  time  when  the  increase  of  load  or  other  condi- 
tions should  make  this  necessary.  At  such  times,  the 
ground  rheostat  would  be  of  considerable  advantage  by 
preventing  trouble  from  accidental  contact  of  the  new 
line  wire  with  the  existing  power  line  in  the  course  of 
stringing,  particularly  at  times  of  high  wind.  Such  acci- 
dental contact  can  hardly  be  avoided,  but  through  the 
use  of  a  ground  rheostat,  and  by  keeping  the  new  line 
wires  thoroughly  grounded,  no  harm  can  result  either 
to  the  line  men  or  to  the  service.  This  was  borne  out  in 
practice  several  years  ago  when  one  of  the  transmission 
companies  in  the  Middle  West  added  a  duplicate  circuit 
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on  its  tower  line  without  service  interruption,  in  spite 
of  more  than  a  hundred  grounds  caused  by  contact  of 
the  new  line  through  high  winds. 

COMPARATIVE  COST 

On  account  of  thie  automatic  feature  required  by 
tlie  arcing  ground  suppressor,  the  equipment  is  rather 
elaborate  as  compared  with  that  of  the  grounding  rheo- 
stat where  manual  operation  is  feasible  and  even  prefer- 
able. For  this  reason,  the  cost  of  a  complete  equipment 
for  an  arcing  ground  suppressor  is  several  times  that  of 
a.  grounding  rheostat.  The  cost  of  the  protective  equip- 
ment used  in  the  dead-grounded  system  is  also  likely  to 
be  greater,  particularly  if  more  than  one  generating  sta- 
tion is  involved. 


RESULTS  FROM   PRACTICAL  OPERATION 

The  results  of  several  years  experience  with  the 
ground  rheostat  by  different  power  companies  has  fully 
demonstrated  the  serviceability  and  reliability  of  this 
equipment  and  its  beneficial  etfect  upon  continuity  of 
service.  This  has  been  particularly  evident  with  the 
companies  who  have  installed  the  ground  rheostat  after 
having  operated  without  one.  The  rheostats  used  by 
these  companies  had  a  rating  of  15  amperes,  38  000  and 
25  000  volts  respectively  for  three  or  five  minutes,  which 
has  proven  to  be  ample  to  prevent  oscillatory  arcing  and 
still  offer  the  advantage  of  having  the  arcs  over  the  in- 
sulators occasionally  extinguish  merely  by  the  action  of 
the  wind  alone,  before  the  grounding  oil  circuit  breakers 
at  the  station  operate. 
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THE  SERVICE  requirements  for  steam  and  elec- 
tric locomotives  are  similar; —  both  must  deliver 
a  specified  draw-bar  pull  at  a  specified  rate  of 
speed.  In  doing  this,  the  problem  is  to  convert  some 
other  form  of  energy  to  mechanical  energy  and  to  trans- 
mit it  to  the  driving  wheels.  ]\Iany  broad  structural 
problems  are  thus  presented  which  are  common  to  both 
designs.  In  the  electric  locomotive,  electrical  instead  of 
thermal  energy  is  utilized,  and  on  account  of  this  differ- 
ence, many  particular  problems  become  quite  dissimilar. 


the  main  structures  and  of  the  rotating  parts  may  be 
grouped  under  three  main  headings : — 
I — Problems  relative  to  tracking  qualitie.';. 
2 — Problems  relative  to  the  transmission  of  power  from  the 

motors  to  the  rails. 
3 — Problems   relative  to   the    design   of   the    motors   them- 
selves. 

These  three  general  problems  are  interdependent. 
The  tracking  qualities  of  the  driving  trucks  largely  de- 
pend upon  the  position  and  weight  of  the  motors.  The 
t\"pe  of  drive  is  also  governed  by  the  location  of  the  mo- 


FIG.    I — AXLE-MQUXTKU    MOTORS 

On  articulated  trucks   with   leading 
two-wheel  truck. 

New  problems  are  presented,  as  for  example,  in  prope 
weight  distribution,  weight  equalization,  etc.,  thereby 
rendering  it  necessary  to  analyze  the  entire  locomotive. 
Analogies  may  be  drawn  from  the  steam  locomotive  and 
much  benefit  taken  from  experience  gained  in  their 
manufacture  and  operation,  but  design  features  blindly 
copied  from  the  best  steam  locomotive  practice  may 
utterly  fail  when  applied  on  an  electric  locomotive.  The 
limitations  imposed  upon  the  draw-bar  pull  and  speed  of 
electric  locomotives  are  largely  mechanical.  Hence  am* 
improvements  in  mechanical  design  will  tend  toward  in- 
creased rating,  greater  reliability  and  increased 
economy. 

The  problems  involved  in  the  mechanical  design  of 


tors  and  particularly  by  their  position  relative  to  the 
driving  wheels.  On  the  other  hand,  the  size,  number, 
and  speed  of  the  motors  are  governed  not  only  by  elec- 
trical considerations  but  also  by  the  type  of  drive  and 
by  the  way  they  are  mounted. 

The  position  of  the  center  of  gravity  in  the  vertical 
plane  is  ver\^  important  in  the  determination  of  the 
tracking  qualities,  that  is,  the  manner  of  running  on 
tangent  track,  taking  curves,  and  going  over  the  track 
irregularities,  such  as  switch  frogs  etc.  In  some  cases,  a 
low  center  of  gravity  makes  a  slightly  cheaper  locomo- 
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live,  but  a  relatively  high  center  of  gravity  has  the  ad- 
vantage of  better  running  qualities.  In  these  particular 
instances,  it  may  be  a  question  of  track  vs.  locomotive 
maintenance. 

Closely  associated  with  the  problem  of  the  position 
of  the  center  of  gravity  relative  to  the  rails,  is  that  of 
the  position  of  the  center  of  gravity  in  the  horizontal 
plane.  An  important  factor  in  this  connection  is  the  dis- 
position of  masses  with  reference  to  center  pin.  Exces- 
sive stresses  in  the  rails  and  the  flanges  of  the  drivers 
should  be  avoided  under  all  operating  conditions.  With 
a  high  moment  of  inertia  about  the  center  pin,  irregu- 
larities in  the  track  may  cause  the  truck  to  swing  from 
side  to  side,  resulting  in  excessive  tlirust  against  the  rails 
and  wheel  flanges,  thereby  causing  track  distortion  and 
possible  derailment.  This  is  most  likely  to  occur  at  high 
speeds. 

The  distribution  of  weight  has  an  important  bear- 
ing upon  this  phenomenon;  the  position  of  the  motors 
and  e\"en  the  type  of  drive  may  be  governed  by  this 
consideration.  The  tractive  effort  which  a  driving  wheel 


FIG.  2— A.XLE-MOUNTED  MOTORS  OX  SWIVEL  TRUCK- 
IS  able  to  exert  without  slipping,  other  things  being  equal, 
is  proportional  to  the  weight  on  that  driver.  The  func- 
tions of  the  leading  and  trailing  trucks  are  to  help  in  sup- 
porting the  total  weight  of  the  locomotive,  to  iron  down 
the  track  for  the  driving  wheels  and  to  guide  them  into 
curves.  The  tractive  effort  required  per  pair  of  drivers 
and  the  necessary  amount  of  ironing  and  guiding  effect 
determine  the  weight  distribution  between  axles. 
Since  the  weight  on  any  pair  of  drivers  is  limited  by  the 
permissible  rail  loading,  the  tractive  effort  per  axle  is 
limited. 

Another  limit  to  the  tractive  effort  is  that  imposed 
by  weight  transfer.  Tractive  effort  is  exerted  by  the 
drivers  at  the  rails,  and  draw-bar  pull  at  the  coupler, 
about  thirty-four  inches  above  the  rails.  These  two 
forces,  being  equal  and  opposite,  produce  a  couple  tend- 
ing to  tip  up  the  truck  at  the  front  end.  This  increases 
the  weight  on  the  rear  drivers  and  decreases  the  wei-ht 
on  the  front  drivers.  In  the  case  of  axle-mounted  "or 
quill-mounted  motors,  the  front  drivers  will  slip  at  a 
lower  locomotive  draw-bar  pull,  than  where  the  drivers 


are  connected  by  side  rods,  thereby  reducing  the  loco- 
motive tractive  effort. 

A  heavy  dead  or  non-spring-borne  weight  per  axle 
may  produce  undue  stresses  in  the  track  structure. 
This  dead  weight  consists  of  the  weight  of  the  drivers, 
axles,   and   in   the   case   of   axle-mounted   motors,   the 


FIG.   3 — FLEXIBLE   GEAR 

weight  of  the  axle  bearings,  gear  and  gear  case,  and  ap- 
proximately five-eighths  of  the  motor  weight.  It  is  evi- 
dent, therefore,  thatan  inherent  limitation  is  placed  upon 
the  size  of  axle-mounted  motors.  The  side  frames  of  the 
trucks  and  other  details  must  be  designed  with  reference 
to  all  the  above  considerations  and  must  also  be  capable 
of  withstanding  stresses  due  to  coupling,  train  surges, 
and  abnormal  conditions  such  as  derailments.  Most 
high-powered  electric  locomotives  have  articulated 
trucks.  The  articulated  couplings  serve  to  transmit  the 
draw-bar  pull  from  truck  to  truck,  and  yet  permit  the 
trucks  to  take  curves  and  go  over  irregularities  in  the 
track  unhampered. 

TRANSMISSION  OF  POWER 

The  second  group  of  problems  relative  to  the  trans- 
mission of  power  from  the  motors  to  the  rails  has  re- 
ceived a  great  deal  of  attention.  Solid  gear  drive  with 
axle-suspended  motors  was  first  developed  and  is  used 
on  street  and  interurban  cars,  and  on  some  locomotives. 
Rapid  strides  have  since  been  made  in  the  design  of 
gears  for  heavy  service.  One  of  the  most  important  of 
these  was  the  development  of  flexible  gears  which  have 
proven   their  worth   under  heavy   operating  conditions 


FIG.     4 — TWIN-TYPE,     SINGLE- 
PHASE,    SERIES     MOTOR 


FIG.    5— WHEELS     AND     AXLE 

WITH     QUILL    AND     HELICAL 

SPRINGS 


and  will  doubtless  be  used  more  and  more  extensively  on 
heavy  interurban  cars  and  locomotives.  The  principal 
advantages  of  this  type  of  gear  are  the  elimination  of 
shocks  due  to  sudden  starting  and  to  track  irregu- 
larities, and  the  even  distribution  of  load  where  double 
end  gears  are  used. 


iS 
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To  avoid  the  dead  weight  inlierent  in  axle  mount- 
ings, preferably  large  motors  are  mounted  on  the  trucks, 
mtroducing  a  spring  cushion  between  their  weight  and 
the  rail.  This  causes  complication  in  the  driving  sys- 
tem. There  must  be  a  positive  connection  between  the 
motors  and  the  driving  wheels  to  transmit  the  power, 
and  at  the  same  time  the  motors  must,  to  a  certain  ex- 
tent, be  free  to  move  \erticaUy  with  reference  to  the 
driving  axles. 

The  quill  type  of  drive  is  one  solution  of  this  prob- 
lem. The  motors  are  mounted  on  the  trucks  and  geared 
to  a  hollow  shaft,  known  as  the  quill,  which  is  carried  in 
a  bearing  rigidly  connected  to  the  motor  frame.  The 
driving  axle  passes  through  the  quill,  which  by  means  of 
cast  steel  spiders  on  each  end  engages  the  spokes  of  the 
drivers  through  tangential  helical  springs.  Vertical  mo- 
tion is  thus  permitted  between  the  motors  and  the  driv- 
ing axles.  Flexible  gears  are  often  used  with  quill  drive 
to  equalize  the  load  when  gears  are  used  on  both  ends 
of  the  motor. 

A  condition  of  resonance  is  possible  in  any 
type  of  drive  where  two  bodies  have   relatively  high 


drive  on  each  side  of  the  locomotive  are  independent  and 
have  relatively  low  inertia.  In  the  case  of  the  electric 
locomotive,  the  two  systems  are  connected  by  cranks 
and  shafts  at  each  end.  A  calculation  of  the  static 
stresses  must  take  into  account  the  flexure  of  the  rods, 
the  crank-pin  bearing  and  journal  clearances  and  the 
probable  accuracy  of  workmanship  in  locating  crank 
pins.  The  motion  of  the  rods  in  space,  and  hence  the 
stresses  due  to  whipping  at  high  speeds  are  different.  In 
the  electric  locomotive,  the  rods  connect  two  high  inertia 
bodies,  the  drivers  and  the  rotors,  and  as  the  rods  are 
more  or  less  elastic,  unless  proper  precaution  are  taken 
resonant  conditions  may  occur.  The  high  moment  of 
inertia  of  the  rotors  imposes  severe  stresses  on  the  driv- 
ing rods  when  the  locomotive  is  stopped  suddenly. 

DESIGN  OF  MOTORS 

Most  of  the  mechanical  problems  relative  to  the  de- 
sign of  the  motors  are  closely  associated  with  the  elec- 
trical features.  One  of  the  most  important  of  these  is 
the  design  of  the  bearings.  Since  the  over-all  length  of 
the  motors  is  limited  by   the   distance  between   wheel 


FIG.   6 — TWIN    MOTORS    AND    QUILL    DRIVE    ON    ARTICULATED    TRUCKS 

With  leading  two-wheel  trucks. 


moments  of  inertia  and  are  connected  by  a  more  or  less 
elastic  medium.  The  relation  between  the  natural  period 
of  the  springs  used  in  flexible  gears  or  quills,  and  the 
natural  period  of  oscillation  of  the  rotors  and  drivers 
must  be  such  that  resonance  does  not  occur  throughout 
the  range  of  speed  of  the  locomotive. 

Side  rods  are  also  used  to  transmit  the  torque-  from 
truck-mounted  motors  to  the  drivers.  With  this  type  of 
drive  the  motors  may  be  mounted  higher  on  the  trucks, 
thus  raising  the  center  of  gravity  and  bettering  the 
tracking  qualities.  In  the  application  of  this  type  of  drive 
to  electric  locoinotives  in  this  counti-y,  a  jack  shaft  is 
used.  The  motors  are  either  directly  connected  to  the 
jack  shaft  by  side  rods,  or  geared  to  it  by  solid  or  flexi- 
ble gears.  A  great  many  different  types  of  side-rod 
drives  have  been  developed,  especially  in  Europe,  with 
varying  degrees  of  success. 

The  problem  of  designing  side  rods  for  electric  lo- 
comotives is  more  involved  than  for  steam  locomo- 
tives. In  the  latter  case,  the  static  stresses  may  be  deter- 
mined from  the  position  of  the  crank  at  any  instant  and 
from  the  indicator  diagram.  The  systems  of  side-rod 


flanges  or  between  cranks,  whatever  space  is  taken  by 
the  bearings  reduces  the  motor  length  and  hence  the 
output.  The'  most  economical  compromise  is  reached 
when  enough  length  is  conceded  to  the  bearings  to  per- 
mit them  to  transinit  the  maximuin  power  the  motor  can 
economically  deliver  with  the  resulting  length  of  core. 

Regenerative  braking  introduces  another  problem. 
The  bearing  pressure  is  reversed  without  reversing  the 
direction  of  rotation  of  the  motor,  and  trouble  may  be 
experienced  in  maintaining  a  proper  oil  film  in  ordinary 
bearings.  Roller  bearings  and  ball  bearings  are  being  in- 
troduced in  electric  traction,  but  experience  with  them 
is  so  limited  that  they  are  seldom  applied  to  any  but 
small  motors.  There  are  numerous  other  bearing  con- 
siderations on  electric  locomotives,  such  as  journal  and 
crank-pin  bearings,  and  the  bearings  on  the  auxiliary  ap- 
paratus. 

The  main  motor  shafts  are  subject  to  stresses  due 
to  the  motor  torque  and  the  weight  of  the  rotors.  They 
must  be  capable  of  resisting  strains  due  to  sudden  stop- 
ping or  severe  over  loads.  The  permissable  amount  of 
shaft  flexure  is  limited.  This  deflection  is  due  to  a  com- 
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bination  of  the  rotor  weight,  unbalanced  magnetic  pull 
and,  in  the  case  of  rod-drive  locomotives,  to  crank-pin 
pressure. 

^\l^en  the  main  motors  are  directly  connected  to  the 
drivers  by  means  of  side  rods  alone,  since  there  are  no 
gears,  any  yield,  if  desired,  must  be  introduced  between 
the  motor  rotor  and  the  crank  on  the  motor  shaft.  This 
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FIG.    7 — UIRECT-nRlVE  0.\    .\RT1CL1,.\T01    TRUCKS 

With  leading  four-wheel  trucks. 

may  be  acconi|ilished  by  springs  or  by  a  friction  clutch 
adjusted  to  slip  at  a  high  value  of  motor  torque,  between 
the  rotor  spider  and  the  motor  shaft. 

All  railway  apparatus  may  be  subjected  to  very 
severe  vibration.  Every  nut  and  screw  on  the  locomotive 
must  be  effectively  locked.  Even  rivets  of  insufficient 
cross-section  or  incorrectlv  set.  will  sometimes  allow  a 


One  of  the  important  mechanical  considerations  in 
connection  witlithe  electrical  apparatus  is  that  of  the  de- 
sign of  castings.  These  castings  must  fulfill  all  electrical 
;.nd  mechanical  requirements  placed  upon  diem  and  yet 
be  so  shaped  that  the  cost  of  patterns  and  moulds  will 
not  be  excessive.  Sometimes  a  slight  change  in  a  casting 
that  does  not  affect  the  mechanical  or  electrical  desig^n 
in  the  least,  will  make  quite  a  substantial  re- 
duction in  its  cost. 

Another  important  consideration  in  the 
design  of  the  motors  and  much  of  the  aux- 
iliaiy  apparatus  is  that  of  ventilation.  Forced 
ventilation  is  becoming  more  generally  used 
and  it  is  probable  that  practically  all  large  lo- 
comotives will  use  this  system  of  cooling.  A 
new  design  requires  detailed  study  to  prede- 
termine the  amount  of  air  necessary  to  dissi- 
pate the  losses  and  the  pressures  necessaiy  to 
drive  the  required  amount  of  air  through  the 
apparatus.  The  two  goals  are  to  get  maxi- 
mum cooling  with  a  minimum  of  air,  and  a 
maximum  of  air  with  a  minimum  of  power 
from  the  blower  motor. 

Some  of  the  more  important  mechanical 
considerations  encountered  in  the  design  of  electric  lo- 
comotives have  been  outlined.  This  is  an  important  field 
for  development.  At  present,  for  a  given  rail  loading 
and  speed  there  seems  to  be  a  fairly  definite  limit  to  the 
draw-bar  pull  per  foot  length  of  locomotive.  This  maxi- 
mum draw-bar  pull  is  usually  demanded  in  the  case  of 
freight  locomotives  where  the  most  advantageous  speed 
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FIG.   8 — GEAR  .\ND   SIDE-ROD   DRIVE   ON   .■\RTICL-L.\TED  TRUCKS 

With  leading  two-wheel  truck. 


slight  relative  movement   between  parts,  ultimately    re- 
sulting in  excessive  wear  or  breakage. 

Some  parts.of  the  electrical  apparatus  are  subjected 
to  very  heavy  stresses  due  to  occasional  short-circuits. 
Braces  are  designed  to  withstand  these  stresses  and  at 
the  same  time,  to  guard  against  movement  due  to  vibra- 
tion and  sudden  mechanical  shocks  due  to  other  causes. 


is  between  fifteen  and  twenty  miles  per  hour.  The  prob- 
lem then  is  to  increase  the  draw-bar  pull  w^ithout  making 
an  abnormally  long  locomotive.  Improvements  in  ma- 
terials and  higher  permissible  stresses  as  well  as  im- 
provements in  mechanical  design  not  only  in  the  locomo- 
tive but  also  in  the  track  structure  will  do  much  towards 
answering  the  requirements  of  the  railroads  for  more 
and  more  powerful  locomotives. 
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II.  D-  James  and  E.  S.  Lammers,  Jr. 


FEW  applications  of  electric  motors  and  control- 
lers involve  more  severe  service  than  floor  con- 
trollers used  in  steel  mills.  The  motors  are 
started  and  stopped  very  frequently,  usually  under  heavy 
loads,  and  large  starting  currents  are  used  to  obtain 
quick  acceleration.  The  control  apparatus  must  be 
rugged  and  should  have  a  minimum  number  of  inter- 
locks and  other  auxiliary  contacts.  Provision  should  be 
made  for  repairs  and  renewals  in  the  minmum  length  of 
time.  It  is  very  desirable  to  have  the  parts  subject  to 
wear  or  accident  removable  from  the  front  of  the  con- 
trol board,  and  one  man  should  be  able  to  handle  this 
work  without  assistance,  e.xcept  where  the  parts  are  very 
heavy. 

Floor  controllers  group  themselves  into  four 
general  classes  for  reversible  service.  Where  a  non-re- 
versing controller  is  used,  it  follows  the  same  grouping 
except  that  one  set  of  reverse  switches  is  omitted: — 

AA — Plugging  on  the  reverse,  without  speed  control ;  accel- 
eration by  lockout  switches. 

BB — Plugging  on  the  reverse  with  speed  control ;  acceler- 
ation by  shunt  switches  with  current  limit  relays. 

CC — Dynamic  brake  without  speed  control.  Lockout 
switches  are  used  for  acceleration. 

ZJD— Dynamic  brake  with  speed  control ;  the  acceleration 
is  ijy  shunt  switches  with  current  Hmit  relays. 

Schematic  diagrams  showing  the  reversible  control- 
lers are  illustrated  in  Figs,  i  to  4.  All  of  these  control- 
lers consist  essentially  of  two  line  switches,  one  for  for- 
ward and  the  other  for  the  reverse  direction  of  oper- 
ation. The  controllers  illustrated  use  a  mechanical  in- 
terlock so  that  both  forvvard  and  reverse  switches  can- 
not be  closed  at  the  same  time.  These  switches  for  con- 
trollers CC  and  DD  are  provided  with  back  contacts ; 
when  both  direction  switches  are  opened,  the  two  back 
contacts  complete  the  dynamic  brake  circuit.  The  coils 
maintaining  pressure  on  these  back  contacts  are  in  series 
with  the  contacts  and  hold  them  closed  as  long  as  cur- 
rent is  flowing  through  this  circuit.  This  arrangement 
also  prevents  the  motor  from  being  operated  in  the  re- 
verse direction  as  long  as  the  dynamic  brake  current 
lasts.  The  single-pole  contactor  with  blowout,  which  is 
used  for  opening  the  negative  side  of  the  line  is  shown 
in  the  top  row,  Figs.  5  and  6.  At  the  bottom  of  the 
panels  are  two  contactors  for  short-circuiting  the  start- 
ing resistor.  In  Fig.  5,  these  contactors  are  wound  with 
series  coils  and  operated  on  the  lockout  principle.  In 
Fig.  6,  the  contactors  have  shunt  coils  and  are  controlled 
by  current  limit  relays.  One  of  these  relays  is  shown 
mounted  underneath  the  resistor  switch.  The  other  re- 
lay is  mounted  under  the  direction  switch. 

These  panels  have  a  two-pole  overload  relay  and  a 
low-voltage  protective  relay.  The  overload  relay  is  pro- 
vided with  two  coils,  each  having  a  dashpot  time-limit 
device.  The  plungers  actuated  by  either  of  these  coils 


engage  a  single  switch  member,  which  opens  the  poten- 
tial relay  circuit  in  case  of  overload.  The  use  of  the 
two-pole  overload  relay  and  the  negative  line  switch 
gives  maximum  protection  against  grounds,  which  are 
apt  to  occur  in  applications  of  this  kind.  In  the  off  posi- 
tion, the  controller  disconnects  the  armature  from  the 
line.  If  no  negative  line  switch  is  used,  one  end  of  the 
series  field  is  connected  to  the  line,  so  that  it  is  not  safe 
to  work  on  the  motor  without  opening  the  knife  switch. 
In  the  upper  right  hand  corner  of  the  panel  is  a 
two-pole,  single-throw  knife  switch  for  disconnecting 
the  feed  wires  from  the  panel.  A  similar  two-pole 
single-throw  knife  switch  and  fuses  are  located  under- 
neath the  overload  relay  for  the  control  wiring.     The 
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FIG.    I — SCHEME  OF   MAIN   CONNECTIONS   FOR  FORM   AA   CONTROLLER 

Acceleration  is  by  means  of  series  lockout  magnet  switches* 
6  and  7,  which  are  operated  by  series  coils  B  and  C  respectively. 
The  motor  is  connected  for  forward  or  reverse  operation  by 
closing  contactors  I  and  3  or  2  and  4  respectively.  With  this 
form  of  controller,  acceleration  is  entirely  automatic. 

FIG.   2 — SCHEME  OF   MAIN   CONNECTIONS   FOR  FORM   BB   CONTROLLER 

The  operation  of  this  form  of  controller  is  the  same  as  the 
AA,  except  that  the  automatic  acceleration  is  by  means  of  series 
relays,*'  the  switches  being  closed  by  shunt  coils  which  are  m 
series  both  with  the  master  controller  and  with  the  series  relay 
contacts.  With  this  scheme,  acceleration  is  automatic  up  t°  '"^ 
position  at  which  the  master  controller  is  set.  Coils  D  and  E 
are  the  series  coils  of  the  relays  which  control  the  operation  of 
switches  6  and  7  respectively. 

main  line  knife  switch,  as  well  as  the  smaller  knife 
switch  and  fuses,  can  be  provided  with  sheet  metal 
covers  to  protect  the  operator  from  accidental  flashes  if 
the  switch  is  opened  under  load.  The  large  knife  switch 
is  provided  with  an  attachment  for  a  padlock  so  that  the 
switch  can  be  locked  in  the  open  position  when  repair- 
work  is  going  on.  By  opening  the  main  knife  switch  and 
closing  the  control  knife  switch,  the  control  circuits  can 
be  tested  out  and  the  operation  of  the  contactors  ob- 
served, to  see  that  the  equipment  is  in  working  order,  be- 
fore power  is  applied  to  the  main  contacts. 

Usually  these  control  panels  are  protected  by  grill 
work  or  in  soine  other  manner,  or  they  are  mounted  in  a 
gallery,  which  is  accessible  only  to  authorized  persons. 


*See  the  Journal  for  March  '17,  Fig.  4,  p-  104. 
**See  the  Journal  for  March  '17,  Fig.  3,  P-  I03- 
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hi  some  states  these  precautions  are  required  jy  law.  In 
the  main,  however,  the  steel  mill  companies  recognize 
the  importance  of  such  a  safety  provisions  and  use  them 
v.hether  required  by  law  or  not. 

The  reason  for  dividing  the  controllers  into  four 
classes  can  best  be  understood  by  giving  some  of  the  ap- 
plications for  each  class  of  control.  These  applications 
are  not  complete  and  are  intended  only  to  illustrate  the 
use  of  each  class  of  control. 

Class  AA  Controllers  are  applied  to  all  of  the  main 
and  au.xiliary  tables  requiring  one  speed  only.  These 
uibles  usually  consist  of  a  series  of  rollers;  the  steel 
rests  on  the  rollers  and  is  moved  forward  or  back  by  re- 
volving the  rollers. 

Class  BB  Controllers  are  used  for  similar  applica- 
tion where  two  or  more  speeds  of  operation  are  re- 
quired. A  two  high  reversing  mill  is  outlined  in  Fig.  7. 
vThe  circles  A  and  B  represent  the  main  rolls  for  fabri- 
■  eating  the  steel.  The  horizontal  row  of  circles  represents 
the    table    rolls   which    are    driven   by    electric    motors 
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FIG.   4. 


FIG.    3 — SCHEME   OK    MAIN   CONNECTIONS   FOR   FORM    CC  CONTROLLER 

This  controller  is  the  same  as  that  shown  in  Fig.  i,  except 
that  it  is  arranged  for  dynamic  braking  in  the  off  position  of  the 
contactors.  The  brake  resistor  5i  B:  is  connected  across  the 
motor  armature  through  contacts  lA  and  4A.  These  contacts 
are  on  the  bottom  of  switches  i  and  4  so  that  both  sets  of  re- 
verse switches  must  be  open  before  dynamic  braking  is  obtained. 
The  current  in  passing  through  contacts  tA  and  4A  energizes 
magnets  which  press  these  contacts  firmly  together  as  long  as 
the  dynamic  brake  current  is  flowing,  and  effectually  prevent 
the  reversal  of  the  motor  as  long  as  its  speed  is  sufficient  to 
send  current  through  these  coils. 

FIG.   4 — SCHEME  OF   MAIN   CONNECTIONS   FOR   FORM   DD   CONTROLLER 

This  controller  is  the  same  as  that  shown  in  Fig.  2,  except 
that  dynamic  braking  is  provided  in  the  off  position  in  the  same 
manner  as  shown  in  Fig.  3. 

through  suitable  gearing.  The  steel  billet  is  moved  up  to 
the  main  rolls  in  the  direction  shown,  by  revolving  the 
table  rolls.  After  the  billet  has  entered  the  main  rolls, 
it  is  carried  through  by  the  action  of  these  rolls  and  is 
delivered  to  the  table  rolls  on  the  left  hand  side.  By  re- 
versing the  direction  of  the  main  rolls  and  table  rolls  on 
both  sides,  the  billet  is  fed  back  through  the  main  rolls, 
the  process  being  repeated  until  the  desired  reduction  is 
secured.  Each  of  these  operations  is  known  as  a  "pass". 
After  the  billet  has  been  rolled  to  a  given  size  by  one  set 
of  main  rolls,  it  is  often  passed  to  other  rolls,  or  the 
same  set  of  rolls  may  have  several  different  shaped 
grooves,  so  that  the  billet  can  be  moved  sideways  and 
made  to  enter  these  grooves  during  successive  passes. 
The  movement  of  the  billet  sideways  is  controlled  by  the 
side  guards,  which  consist  of  horizontal  bars,  which  are 


moved  across  the  table  rolls  for  placing  the  billet  in  the 
proper  position.  If  it  is  desired  to  turn  the  billet  over, 
manipulator  fingers  are  used.  These  fingers  are  attached 
to  the  side  guards  and  extend  underneath  the  billet  be- 
tween the  table  rolls.  These  manipulator  fingers  are  con- 
nected so  that  they  can  be  raised  and  lowered.  This 
movement,  when  properly  directed,  serves  to  turn  the 
billet  over.  The  distance  between  the  main  rolls  A  and  B 
i:.  adjusted  by  means  of  an  electric  motor,  geared  to 
screws  which  act  against  a  constant  hydraulic  pressure 
tending  to  raise  the  top  roll.  If  the  screws  are  raised, 
the  hydraulic  pressure  will  cause  the  top  roll  to  follow. 
If  it  is  desired  to  lower  the  top  roll,  it  is  necessary  for 
the  motor  to  drive  the  screws  down  with  sufficient  force 
to  overcome  the  hydraulic  pressure.  This  is  known  as 
the  "screw-down"  motion.  It  can  be  readily  seen  that 
the  adjustment  between  these  rolls  must  be  very  exact, 
and  therefore  it  is  important  that  the  control  of  the 
screw-down  motor  provide  for  stopping  this  motor  with 
practically  no  drift. 


FIG.   5  .  FIG.  6 

FIG.   5 — FORM   CC  CONTROLLER 

This  controller  corresponds  to  the  diagram  shown  in  Fig.  3. 
The  reverse  switches  have  two  top  contacts,  i  and  3  for  forward 
operation  with  back  contact  lA,  and  2  and  4  for  reverse  oper- 
ation with  bottom  contact  4A.  These  switches  are  mechanically 
interlocked  by  the  rod  at  the  left,  to  prevent  both  from  closing  at 
the  same  time-  Contact  5  is  shown  in  the  upper  right  hand, 
corner,  and  lockout  accelerating  switches  6  and  7  at  the  bottom 
of  the  panel.  Both  the  reverse  switches  and  the  line  contactor 
5  are  actuated  by  shunt  coils  not  shown  in  the  diagram.  An 
over-load  relay  is  located  directly  under  switch  5  and  two-pole 
knife  switches  are  provided  for  disconnecting  the  main  and  con- 
trol circuits  from  the  line. 

FIG.   6 — FORM   DD   CONTROLLER 

This  controller  corresponds  to  the  diagram  shown  in  Fig.  4. 
It  is  the  same  as  Fig.  5,  e.xcept  that  accelerating  switches  6  and 
7  are  actuated  by  shunt  coils  which  are  controlled  by  the  series 
relays,  one  of  which  is  shown  mounted  underneath  sw'itch  6. 

Class  CC  Controllers  are   applied   to   screw-down, 

lifting  and  tilting  tables,  manipulator  fingers,  and  side 
guards. 

Class  DD  Controllers  are  used  for  metal  mixers  and 
Bessemer  converters,  and  are  also  used  for  the  same  ap- 
plications as  Class  CC  where  speed  control  is  desired.  A 
Ihree-high  mill  with  tilting  tables  is  shown  in  Fig.  8. 
The  main  rolls  are  illustrated  by  circles  A,  B  and  C. 
Roll  B  is  an  idler.  The  steel  to  be  rolled  in  this  form  of 
mill  is  usually  a  plate  and  the  mills  used  are  usually 
called  "plate  mills."  The  red  hot  steel  plate  is  passed 
alternately  between  rolls  .-/  and  B  from  right  to  left  and 
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back  from  left  to  right  between  rolls  B  and  C.  The 
screw-down  motion  adjusts  the  distance  between  rolls  A 
and  C,  roll  B  being  free  so  that  when  the  pass  is  made 
between  rolls  A  and  B,  roll  B  is  forced  against  roll  C. 
When  the  pass  is  in  the  opposite  direction  between  B 
and  C,  roll  B  is  pressed  against  A. 

In  order  to  pass  the  steel  plate  alternately  between 
A  and  B  and  B  and  C,  it  is  necessarj'  to  tilt  the  tables; 


FIG,    7 — TYPICAL    APPLICATION    OF    ELECTRIC    MOTORS    TO    REVERSING 
ROLL  TABLES  OF  BLOOMING   MILL 

hence,  the  term  "tilting  table."  The  end  of  the  table  away 
from  the  rolls  is  hinged  and  the  opposite  end  of  the  table 
is  raised  or  lowered  by  means  of  an  electric  motor. 
1  hese  tables  have  two  fixed  positions,  which  are  pre- 
viously adjusted  so  that  the  motors  are  automatically 
stopped  when  the  tables  reach  these  positions.  The  tables 
are  counter-weighted,  as  shown,  in  order  to  equalize  the 
work  done  between  raising  and  lowering.  The  masses 
moved,  however,  are  great  and  as  an  accurate  stop  is  re- 
quired, it  is  necessary  to  provide  a  slowdown  before  the 
final  stop.  Fig.  9  illustrates  the  controller  used  for  this 
purpose.  When  the  table  approaches  either  limit  of 
travel,  switches  7  aud  S  are  opened  and  switch  S-A  is 
closed.  This  inserts  the  starting  resistance  in  series  with 
the  motor  and  also  provides  a  shunt  around  the  motor 
armature.  These  connections  can  be  adjusted  to  give  a 
positive  slow  speed,  from  which  an  accurate  stop  can  be 
made.  The  problem  is  very  similar  to  that  of  an  elevator 
or  skip  hoist,  which  is  moved  up  and  down  between 
fixed  limits.  In  bringing  tables  to  rest,  switches  i-A  and 
4-A  are  closed  at  the  same  time  that  the  line  switches 
are  opened,  which  provides  a  dynamic  braking  path  of 
low  resistance  around  the  armature.  In  addition,  the 
circuit  through  the  mechanical  braking  magnet  is  opened 
so  that  the  brake  shoes  set  and  assist  in  stopping  the 
load,  as  well  as  hold  it  securely.  The  accurate  placing  of 
these  tables  at  either  limit  of  travel  is  facilitated  by  the 
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FIG.   8 — TYPICAL    APPLICATION 
ROLL  TABLE  OF  PLATE   MILL 


OF    MOTORS    AND    UKAKS    TO    TILTING 


use  of  a  crank  motion.  The  stop  is  made  when  the  crank 
is  at  either  the  top  or  bottom  of  the  travel,  so  that  a 
slight  variation  in  the  point  of  stopping  makes  little  dif- 
ference in  the  location  of  the  table. 

The  controller  switches  are  operated  automatically 
by  a  stop  motion  switch,  shown  in  Fig.  10,  whose  actuat- 
ing shaft  is  connected  to  the  mechanism.  On  the  shaft  is 
mounted  a  set  of  cams  which  open  or  close  the  limit 


.';witches  at  the  proper  time.  The  cams  are  adjustable,  so 
that  each  switch  can  be  set  to  open  and  close  at  the 
proper  point  in  the  travel.  The  use  of  cams  gives  a  quick 
motion  to  these  switches  and  enables  an  accurate  setting 
to  be  obtained. 

The  motor  is  started  by  means  of  the  master  switch 
shown  in  Fig.  11.  This  master  switch  is  also  used  in 
connection  with  the  other  controllers,  previously  de- 
scribed. The  central  position  of  the  handle  disconnects 
(he  motor  from  the  line  and  resets  the  no-voltage  switch 
in  case  the  overload  has  opened  it.  The  movement  of  the 
handle  either  side  of  the  center  operates  the  controller 
forward  or  reverse.  One  slow-speed  point  and  one  full- 
speed  point  are  provided  in  each  direction.  Where  the 
application  requires  more  running  notches,  a  different 
form  of  master  switch  is  used. 

A  lifting  table  is  very  similar  to  a  tilting  table,  ex- 
cept that  the  table  is  moved  vertically  up  and  down  in- 
stead of  having  one  end  hinged  and  the  other  end  raised 
and  lowered.  The  results  accomplished  are  the  same, 
but  a  somewhat  different  mechanism  is  used.  Usually 
the  lifting  table  is  confined  to  rolling  operations  which 
do  not  require  a  very  long  table. 
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FIG.   g — MAIN  CONNECTIONS  OF  CONTROLLER  WITH   ONE  POINT  SLOW- 
DOWN 

This  controller  is  the  same  as  Fig.  3  with  the  addition  of 
switch  8.  When  it  is  desired  to  slow  down  the  motor,  prepara- 
tory to  stopping,  the  shunt  coil  of  switch  8  is  disconnected  from 
the  line  by  means  of  the  limit-switch  shown  in  Fig.  10.  This,  in 
turn,  causes  coil  B  to  open  6  and  therefore  inserts  all  the  start- 
ing resistance  and  closes  a  shunt  around  the  armature  through 
contact  S.4,  leaving  the  motor  connected  to  the  line  with  the 
starting  resistor  in  series  with,  and  the  slow-down  resistor 
shunted  across  the  armature,  providing  a  slow  running  motion.* 
The  bottom  contact  of  switch  8,  marked  8^.  has  a  series  coil  to 
retain  the  switch  in  the  open  position  as  long  as  current  is  flow- 
ing through  contact  8/4.  If  the  line  switches  were  open  and  the 
dynamic  resistance  omitted,  some  dynamic  brake  action  would 
occur  due  to  the  resistor  across  the  armature  through  contact 
8.4.  This  resistor,  however,  is  of  too  large  an  ohmic  value  to 
give  a  quick  stop,  and  it  is,  therefore,  necessary  to  use  the  addi- 
tional dynamic  braking  resistor  to  bring  the  motor  quickly  to  a 
standstill. 

Tests  indicate  that,  on  many  applications,  the  best 
results  are  obtained  with  very  few  accelerating  points. 
There  are  two  ways  of  approaching  this  problem.  Those 
who  argue  for  a  large  number  of  accelerating  points  call 
attention  to  the  fact  that  the  current  can  be  maintained 
at  a  higher  levetand  thus  furnish  a  larger  average  accel- 
erating torque.  The  advocates  of  a  small  number  of 
steps  show  that  each  switch  requires  a  certain  time  in 
which  to  operate.  Where  the  acceleration  must  take 
place  in  two  or  three   seconds,   too   much   time   is   con- 


*See  the  Journal  for  April  '17,  Fig.  4,  p.  151. 
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sumed  in  the  closing  of  these  switches ;  also  high  current 
peaks  must  be  used  in  any  event. 

In   Flo-.    12   are   illustrated   tests   on   a    100  horse- 
power, 2^^o  volt,  compound-wound  direct-current  motor 


FIG.    10 — CAM   LIMIT  SWITCH   FOR  GEAR  OR   SPROCKET   CONNECTION 

operating  the  main  mill  table  for  a  40  inch  blooming 
mill.  Three  resistor  switches  were  used  but  the  tests 
showed  that  the  action  of  the  last  resistor  switch  was 
too  slow  to  be  of  material  value.  On  closing  the  line 
switch,  the  first  current  peak  is  obtained.  The  second 
and  third  current  peaks  are  caused  by  the  first  two  re- 
sistor switches.  The  slope  of  the  curve  at  each  succeed- 
ing resistance  point  becomes  steeper  and  steeper  until  it 
approaches  a  vertical  line  after  the  second  resistor 
switch  is  operated.  The  result  is  that  the  motor  has  ap- 


FIG.    II — TWO-POINT   MASTER   SWITCH 

proximately  reached  full  speed  and  the  last  resistor 
switch  makes  only  a  small  bump  in  the  current  curve. 
Other  tests*  indicate  that  there  is  a  reaction  in  the  cur- 
rent curve,  which  normally  tends  to  throw  it  below  the 


calculated  value  of  current,  and  then  causes  a  secondary 
rise  so  that  the  wavy  portion  of  tlie  current  curve,  ap- 
pearing after  the  second  resistor  switch  is  closed,  is 
partly  due  to  this  effect,  and  still  further  eliminates  the 
action  of  the  last  resistor  switch.  This  particular  applica- 
tion will  give  just  as  good  service  using  only  two 
switches  for  short-circuiting  the  resistor  during  acceler- 
ation. The  current  peaks  had  a  maximum  value  of  about 
twice  full  load,  which  is  permissible  for  an  application 
of  this  kind.  The  minimum  value  of  current  is  a  little  in 
excess  of  the  full-load  value.  This  record  shows  an  op- 
eration extending  over  40  seconds  and  involves  three 
starts  and  stops  in  each  direction,  or  a  total  of  six 
passes. 

The  above  application  is  typical  of  steel  mill  re- 
quirements for  auxiliary  drive.  The  motor  is  usually  op- 
erated for  a  very  short  period  of  time,  during  which  the 
period  of  acceleration  is  a  large  part  of  the  complete 
cycle.  The  size  of  the  motor  is  determined  from  the 
power  required  to  accelerate  the  masses  moved.  After 
the  motor    comes  up  to  speed,  the  load  drops  off  to   a 
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FIG.    12 — LOAD   CURVE   OF    lOO    HP,   23O  VOLT,   COMPOUND-WOUND 
MOTOR  OPERATING   MAIN  ROLL  TABLE  OF  A  40  INCH   BLOOMING    MILL 

\ery  small  value,  as  it  is  almost  entirely  friction.  Motors 
for  this  service  must  be  capable  of  withstanding  severe 
mechanical  shocks  and  must  be  designed  to  have  small 
niertia  for  the  torque  delivered.  The  armatures  are 
usually  long  and  small  in  diameter,  and  the  mechanical 
parts  exceeding!)'  rugged  for  the  rating  of  the  motor. 
Practice,  has  shown  that  motors  of  standard  construc- 
tion, which  are  suitable  for  machine  tools  and  ordinary 
machine  shop  applications,  will  be  racked  to  pieces  in 
steel  mill  service.  Motors  have  therefore  been  available 
for  a  number  of  years,  known  as  the  "steel  mill  type." 
Every  steel  mill  has  machine  tools,  fans,  pumps,  and 
other  applications,  which  differ  in  no  material  way  from 
similar  applications  in  ordinary  machine  shop  practice. 
Standard  motors  and  controllers  aj"e  used  for  these  ap- 
plications. It  is  always  desirable,  however,  to  have  the 
contacts  and  interlocking  parts  of  these  controllers  in- 
terchangeable with  those  used  for  floor  controllers  con- 
nected to  the  auxiliary  drive,  in  order  to  reduce  the 
spare  parts  to  a  minimum. 
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The  starting  of  rotary  converters  from  the  direct-current  end  requires  a  larger  starting  cm  rent  and  the 
torque  is  not  so  good  when  the  transformer  secondaries  are  permanently  connected  to  the  slip  rings,  than 
when  the  alternating-current  circuit  is  open.  Difficulties  in  starting  sometimes  arise  under  such  conditions,  and 
hand  starting  may  be  necessary.       These  conditions  are  analyzed  in  the  following  article. 


WHEN  there  are  no  switches  between  the  collec- 
tor rings  of  a  rotary  converter  and  its  trans- 
former secondaries,  the  latter  act  as  shunts  to 
the  converter  armature,  and  divert  a  very  considerable 
part  of  the  starting  current  from  the  armature.  This  ef- 
fect is  greatest  when  the  armature  happens  to  stop  in 
such  a  position  that  the  direct-current  brushes  and  the 
alternating-current  collector  ring  taps  are  connected  to 
the  same  coils,  a  condition  which  may  exist  with  a  two- 
phase  or  diametrically-connected  six-phase  unit,  since 
both  direct-current  and  alternating-current  connections 
to  the  armature  are  spaced  i8o  electrical  degrees.  The 
shunting  effect  is  a  minitnum  when  the  tap  coils  have  a 
maximum  displacement  from  the  coils  connected  to  the 
direct-current  brushes.  In  a  two-phase  armature  this 
position  of  minimum  shunting  effect  (and  maximum 
starting  torque)  is  45  electrical  degrees  from  the  posi- 
tion of  maximum  shunting  effect.  This  change  from 
minimum  to  maximum  torque  occurs  during  a  very 
small  part  of  a  revolution— in  a  converter  with  14  poles 
it  is  one-fifty-sixth  of  a  revolution  or  about  six  me- 
chanical degrees.     If  the  annature  stops  in  the  position 


of  miniinum  torque,  the  torque  can  be  doubled  by  turn- 
ing the  armature  only  two  commutator  bars.  In  such  a 
case  barring  the  armature  by  hand  for  a  short  distance 
may  bring  it  to  a  position  where  it  will  have  sufficient 
U     'ue  to  overcome  the  initial  starting  friction. 

The  extent  of  the  reduction  in  starting  torque 
caused  by  the  transformer  secondaries  is,  of  course,  af- 
fected by  the  relative  resistances  of  the  armature  and 
transformer.  In  a  rotary  converter,  the  armature  re- 
sistance is  high  (due  to  the  small  effective  current  in  the 
armature  when  operating  as  a  converter)  and  may  be  as 
much  II:-,  five  times  the  resistance  of  a  single  secondary 
winding.  Assuming  this  ratio  and  further  that  the  start- 
ing current  will  be  constant  for  the  different  positions  of 
the  armature  (the  resistance  in  the  starting  rheostat  is 
very  large,  as  compared  with  the  converter  and  trans- 
former, and  will  largely  determine  the  current),  the 
armature  and  transformer  currents  will  be  as  shown  in 
Fig.  I,  (a),  (b)  and  (c)  for  three  positions  of  the  arma- 
ture. If  it  is  assumed  that  the  torque  produced  is  pro- 
portional to  the  average  current  in  the  armature  winding 


(this  is  only  roughly  correct,  as  the  magnetic  field  varies 
in  density  to  a  considerable  degree  at  different  points  in 
the  air-gap),  the  torques  in  the  different  armature  posi- 
tions vary  from  16.7  percent  of  the  torque  that  would 
exist  with  the  secondaries  disconnected  in  the  position 
shown  in  (a)  to  58.3  percent  of  this  torque  in  the  posi- 
tion shown  in  (c).  The  variation  in  torque  for  a  com- 
plete revolution  of  a  two-pole  converter  is  shown  in 
Fig.  2. 

\\'ith  a  six-phase  diametrically-connected  converter, 
the  reditction  in  tort|ue  due  to  connected  transformer 
secondaries  is  even  greater,  due  to  the  presence  of  three 
secondaries,  instead  of  two.  With  a  three-phase  or 
delta-connected  six-phase  converter,  the  reduction  in 
torque  is  considerably  less,  because  in  no  position  of  the 
annature  does  a  transformer  secondary  completely 
parallel  the  armature. 

The  previous  explanation  refers  only  to  conditions 
as  th-3y  exist  before  the  armature  begins  to  turn.  As 
soon  as  rotation  begins,  alternating  current  flows  in  the 
armature  and  trans- 
former secondaries 
that  further  re- 
duces the  starting 
torque,  due  to  its 
demagnetizing  ef- 
fect on  the  convert- 
er field. 

As  a  result  of 
both  thes2  effects, 
a  converter  with 
solidly  connected 
transformers  re- 
quires several  times  more  starting  current  when  started 
from  the  direct-current  side  than  when  the  transformers 
are  disconnected. 

The  obvious  remedy  in  this  case  is  to  provide  at  least 
one  switch  in  each  transformer  secondary,  and  open 
these  switches  before  applying  the  direct-current  start- 
ing voltage.  It  will  be  advisable  to  have  the  synchroniz- 
ing equipment  on  the  low  voltage  side  of  the  trans- 
formers. 

A  further  difliculty  will  arise  if  the  shunt  field 
should  be  connected  directly  across  the  annature.  The 
shunt  field  should  be  connected  on  the  line  side  of  the 
starting  resistance,  so  that  full  line  voltage  is  applied  to 
the  field  on  the  first  step  of  the  starting  rheostat.  If  the 
shunt  field  is  connected  across  the  armature,  the  field 
strength,  and  hence  the  starting  torque,  will  be  weak, 
due  to  the  voltage  drop  in  the  starting  resistance.  In 
such  a  case  barring  would  be  of  assistance  only  in  over- 
coming the  initial  mechanical  friction,  and  the  machine 
probably  would  not  start  at  all. 
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Horace  B- 

THE  PREPARATION  and  distribution  of  food  is 
an  industry  antedated  by  no  other.  It  is  likewise 
first  in  importance,  as  the  economic  structure  of 
the  country  depends  upon  it.  The  failure  of  crops  di- 
rectly affects  all  lines  of  industry,  yet  the  financial  dif- 
ficulties of  other  industries  are  not  necessarily  rellected 
upon  food  production. 

In  such  a  large  and  imjiortant  industry,  it  is  obvious 
that  the  demand  for  time  and  labor-saving  machinery 
would  soon  be  felt.  From  the  crude  methods  of  the  past, 
man's  ingenuity  has  devised  many  time  and  labor-saving 
machines.  The  first  indication  of  this  conservation  of 
time  and  labor  is  shown  in  the  methods  of  harvesting, 
in  the  early  grist  mills  and  in  the  baking  machinery.  So 
broad  an  industry  must  necessarily  have  many  divisions. 


Smith 
ers  or  cutters  from  metallic  foreign  substances.  They 
are  further  constructed  so  that  they  can  accommodate 
ether  attachments  such  as  spice  grinders,  peanut-butter 
grinders,  poppy-seed  grinders,  bone-grinders,  eta 

Coffee  mills  are  built  in  both  the  single  and  double 
mill  models  and  for  both  counter  and  pedestal  mount- 
mg.  On  the  double  mill,  one  end  is  for  granulating  and 
the  other  for  pulverizing.  The  coffee  is  placed  in  the 
hoppers  in  the  upper  part  of  the  machine  and  passed 
through  the  cutters  and  into  the  collecting  can.  The  disc 
for  regulating  the  degree  of  fineness  is  at  the  extreme 
end  of  the  motor  shaft.  In  some  mills,  the  motors  drive 


FIG.    I — DOUBLE,    MOTOR-DRIVEN    COFFEE    MILL 

For  granulating  and  pulverizing. 

Only  a  few  individually-driven  units  which  are  operated 
by  small  motors  and  used  in  the  final  preparation  of 
food  by  the  retail  dealer  or  quantity  user  will  be  de- 
scribed. 

Coffee  Grinders — Among  the  first  labor-saving  ma- 
chines to  be  developed  were  the  coft'ee  grinder  and 
cutter.  Until  about  ten  years  ago,  coffee  was  usually 
ground  at  home  in  small  mills,  though  some  of  the  more 
enterprising  stores  had  large  hand-power  mills  and  in  a 
few  cases  a  machine  belted  to  a  motor.  Grinding  coffee 
in  the  home,  is  a  very  laborious  task  and  the  motor- 
driven  unit,  as  commonly  seen  now  in  up-to-date  stores, 
gained  immediate  favor.  For  a  fraction  of  a  cent  a 
pound  this  time  and  labor  may  be  saved  and  coffee  ob- 
tained in  any  quantity  and  ground  to  the  exact  degree  of 
fineness  which  the  customer  desires.  The  motor-driven 
mills  of  to-day  have  obtained  a  remarkable  degree  of 
perfection.  They  are  built  so  that  they  can  be  regulated 
to  grind  coarse  or  fine  while  running.  The  latest  types 
have  indicating  regulators  to  give  the  grade  of  fineness 
desired,  and  also  automatic  releases  to  protect  the  grind- 


FIG.    2 — MOTOR-IlRIVEN,    COMBINATION     MEAT    AND    COFFEE    GRINDER 

the  burrs  directly  while  in  others  the  speed  is  geared 
down.  Combination  mills  are  also  manufactured  for 
grinding  both  cofl'ee  and  meat.  .Such  a  machine  is  shown 
in  Fig.  2. 

Some  classes  of  trade  demand  that  the  chaff  be  re- 
moved from  the  ground  coffee.  A  portable  blowing  ma- 
chine for  accomplishing  this  purpose  consists  of  a  small 
blower  with  the  necessary  hopper  and  collecting  cans. 
It  may  be  regulated  to  separate,  vi-ithout  loss,  any  por- 
tion of  the  coffee  dust  desired.  With  this  machine  the 
merchant  can  exploit  his  own  brand  of  coft'ee. 

Coffee  Roasters —  The  progressive  grocer  in  look- 
ing around  for  some  method  to  stimulate  his  sales  has 
found  that  the  motor-driven  coffee-roaster  is  a  good  in- 
vestment. It  is  estimated  that  approximately  one-half 
billion  dollars  is  spent  annually  for  coffee  in  this  coun- 
try. Instead  of  keeping  roasted  coft'ee  in  stock  with 
every  chance  of  losing  its  strength  and  aroma,  green 
coft'ee  can  be  obtained  and  roasted  fresh  everv  day.  The 
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raw  coffee  sells  for  much  less  than  the  roasted,  hence, 
the  grocer  can  make  a  larger  profit  by  roasting  his  own 
coffee.  Customers  who  may  desire  a  special  blend  can  be 
easily  supplied  by  this  means. 

The  green  coffee  is  placed  in  a  cylinder  which  re- 
volves slowly  over  a  gas  or  gasoline  burner.  The  time 
for  finishing  one  charge  varies  frorri  25  to  35  minutes, 
depending  upon  local  conditions  and  the  color  of  the 
raw  coffee  bean.  After  the  coffee  is  roasted  it  is  placed 
in  cooling  pans  and  when  cooled  it  is  ready  for  sale. 
The  motor,  as  shown  in  Fig.  3,  operates  both  the  drum 
and  the  cooling  fan.  When  the  roasting  is  completed  the 
coffee  is  drawn  out  through  the  lower  hopper  on  the  left 
of  the  cylinder  and  placed  in  the  cooling  pan.  Power  is 
then  turned  on  the  cooler  by  means  of  the  small  lever 
shown  in  the  lower  part  of  Fig.  3  and  this  operates  a 
blower  which  drives  out  any  impurities  at  the  same  time 
the  coffee  is  cooled.  The  machine  is  equipped  with  a 
draft  regulating  lever  in  order  that  the  proper  heating 


It  is  very  efficient  and  operates  at  a  small  cost.  On  ac- 
count of  the  slower  speed  necessary,  motor-driven  meat 
choppers  are  geared  down  to  a  considerable  lower  speed 
than  the  motor  itself. 

Meat  Slicing  Machines  have  been  on  the  market  for 
r.  considerable  length  of  time,  although  the  motor-driven 
ones  are  of  comparatively  recent  origin.  The  latest  type 
of  machine  is  entirely  automatic,  requiring  no  attention 
whatever  except  regulating  and  starting.  The  slicing  is 
accomplished  by  a  rotating  knife  and  the  travel  of  the 
table  containing  the  meat  is  governed  by  the  thickness  of 
the  slice  for  which  it  is  set.  Boneless  meat  can  be  placed 
on  such  a  machine  and  it  can  be  regulated  for  cutting 
from  two  slices  to  several  dozen  slices  per  inch  and  for 
measuring  any  quantity  without  stopping  the  motor. 
Such  machines  are  used  for  slicing  dried  beef,  bacon, 
boiled  ham,  veal  loaf,  tongue,  etc. 

A  Peanut-Butter  Attachment  can  be  attached  to 
meat  choppers  and  coffee  mills.  The  pleasant  taste  of 
peanut-butter   has  been  earning  it  a  great  deal  of   pop- 


FIG.    3 — ELECTRICALLY-OPERATED    COFFEE    ROASTER 

The  motor  operates  both  the  roasting  cylinder 
and  blower. 

of  the  cylinder  may  be  effected  without  turning  the  gas 
down  or  up  from  the  time  the  roast  is  started  until  it  is 
ready  to  be  discharged  into  the  cooling  pan. 

Meat  Choppers — Another  great  time  and  labor 
saver  in  extensive  use  is  the  motor-driven  meat  chopper. 
The  old  method  of  chopping-up  meat  with  cleavers  was 
superseded  by  the  hand-power  chopper  and  that  in  turn 
by  the  motor-driven  machine.  With  the  old  method  the 
butcher  would  chop  a  supply  of  meat  during  his  spare 
time  and  the  buyer  had  no  choice  but  to  take  the  meat 
already  prepared.  This  accumulated  stock,  however, 
was  subject  to  considerable  deterioration.  People  have 
been  educated  to  demand  pure  food  and  they  prefer  to 
buy  their  meat,  and  then  have  it  ground,  thus  knowing 
exactly  what  they  are  getting.  The  rapidity  with  which 
the  electric  meat  chopper  works  easily  allows  this,  and 
in  accommodating  customers  the  butcher  takes  no 
chance  of  losing  those  who  are  in  a  hurry.  The  motor- 
driven  meat  chopper  is  a  very  useful  machine  and  as  it 
makes  a  very  pleasing  appearance,  it  attracts  business. 


IG.    4 — ELECTRICALLY-OPERATED    MEAT    SLICING    MACHINE 

ularity  and  there  has  been  a  large  increase  in  its  sale 
within  the  past  few  years. 

Ice  Cream  Freezers — Motor-drive  is  now  uni- 
versally used  in  the  manufacture  of  ice  cream.  Most  in- 
stallations are  directly  driven  and  the  freezers  are 
adaptable  for  either  ice  or  brine.  Ice  cream  is  becoming 
generally  recognized  as  an  excellent  food  and  the  de- 
mand for  motor-drive  for  this  service  is  becoming  large. 
The  motor  usually  is  direct  connected  to  the  freezer,  al- 
though in  small  domestic  outfits  it  may  be  belted.  In  the 
portable  outfits,  the  motor  does  away  with  all  counter 
shafting,  which  is  very  important  since  cleanliness,  in- 
creased space,  light  and  ventilation  are  thereby  en- 
hanced. There  is  considerable  speed  reduction  from  the 
motor  to  the  freezer.  The  motor  starts  with  a  relatively 
light  load  but  the  load  increases  as  the  freezing  pro- 
gresses. 

Churns — Like  all  things  done  mechanically  the  mo- 
tor-driven churn  is  much  better  and  quicker  than  the 
manually  operated  one.  For  tiresome  work  churning  is 
perhaps  second  to  none.  A  typical  machine  for  house- 
hold use  is  shown  in  Fig.  5.  The  ratio  of  gears  from  fly- 
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wheel  to  dasher  is  4  to  i.  This,  with  a  motor  speed  of 
1700  r.p.m.  reduced  by  beUs  to  70  r.p.m.  on  the  fly- 
wheel, gives  the  desired  speed  of  280  on  the  dasher. 
Speed  control  of  the  dasher  is  obtained  by  means  of  a 
tight  and  loose  belt. 


one  can  readily  appreciate  the  large  amount  of  valuable 
time  saved  by  their  use.  Although  such  a  machine  is  ap- 
plicable for  paring  beets,  turnips,  horse-radish,  carrots, 
parsnips,  etc.,  its  chief  use  is  for  potatoes.  Peeling  pota- 
toes, besides  being  very  distasteful  is  extremely  waste- 
ful. In  the  ordinary  knife-peeling  method,  approxi- 
mately 20  to  25  percent  of  the  potato  is  wasted,  while 
with  the  motor-drive,  the  waste  is  cut  down  to  less  than 
half  of  this  amount.  The  machine  consists  of  a  cylinder 
which  is  stationary  and  a  bottom  that  revolves.  Both  the 
revolving  and  stationary  elements  have  abrasive  sur- 
faces. The  charge  of  potatoes  is  put  into  the  hopper  at 
the  top  and  water  is  circulated  around  them  during  the 
grinding  process.  Since  the  cylinder  is  stationary  and 
the  disc  revolves,  every  part  of  the  charge  strikes  both 
the  cylinder  and  the  disc.  The  disc  in  such  a  machine  is 


FIG.    5  —  ELECIRICALLV-OPERATED 
CHURN 

Using  splash-proof  motor. 

Cream  Separators,  manually  as  well  as  power 
driven,  have  been  in  use  for  a  considerable  time,  but  it 
is  only  recently  that  the  small  motor-driven  separator 
has  made  its  appearance.  The  use  of  electric  power  in 
rural  districts  is  steadily  increasing  and  with  it  motor- 
drive  in  food  preparation.  It  will  soon  be  a  common  oc- 
currence to  see  motor-driven  churns,  milking  machines 
and  ci-eam  separators,  as  well  as  to  see  motors  generally 
used  in  farm  work. 

Potato  Peelers — Very  satisfactory  motor-driven 
paring   and  peeling  machines  have  been  on  the   market 


FIG.    6 — MOTOR-DRIVEN    ME.VT    CHOPPER 

for  several  years.  It  is  almost  essential  to  have  some- 
thing of  this  nature  where  large  quantities  of  food  are 
to  be  prepared,  such  as  in  military  and  naval  establish- 
ments and  large  hotels.  The  principle  of  operation  of 
such   machines  is  both   centrifugal   and    frictional,  and 


7 — MOTOR-DRIVEN     P.'\RING    AND 
PEELING    MACHINE 


so  arranged  that  it   revolves   from   200  to  300  times  a 
minute. 

MOTOR  CPIARACTERISTICS 

The  motors  used  for  the  various  applications  de- 
scribed, differ  somewhat  in  their  characteristics.  The 
smaller  machines  are  for  the  most  part  satisfactorily 
driven  by  split-phase  induction  motors,  either  with  or 
without  a  mechanical  clutch.  The  heavier  machines, 
however,  having  a  large  amount  of  dead  weight  to  start, 
are  best  driven  by  repulsion-starting,  induction-running 
motors  which  have  a  much  greater  starting  torque  in 
proportion  to  full-load  torque. 

Curves  showing  the  speed-torque  characteristics  of 
these  motors  are  shown  in  Fig.  8.  Curve  CA  is  for  a 
split-phase  motor  without  a  mechanical  clutch  while 
curve  BabA  is  for  a  repulsion-starting,  induction-run- 
ning motor.  While  the  torque  of  the  repulsion-starting, 
induction-running  motor  is  greater  at  starting  than  that 
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of  the  split-phase  motor,  it  drops  rapidly  as  the  speed 
increases,  so  that  at  the  moment  of  changing  over  to  an 
induction  motor  it  is  less  than  that  of  a  split-phase  mo- 
tor, as  shown  by  the  intersection  of  ab  with  curve  B.  In 
the  split-phase  motor  with  a  mechanical  clutch,  the  char- 


-100 

\ 

-^ 

— 

A 

- 

'>. 

" 

■"v^ 

^b  Govern 

)f 

s 

s 

[*', 

■ 

t- 

Cliilc 
Swilc 

1 

c 
■5-50 

% 

y 

_,- 

v 

\ 

—  25 

^^ 

^' 

4\ 

f 

X 

E  . 

^ 
^ 

/^ 

\ 

y 

1 

) 

■) 

0          20        40        60        80        100       I 

1      1      i            1     pt«". 

0      140       160       J80       200      220       240 
To,^.         1           1           II         1           1 

FIG.   8 — SPEED-TORQUE    CHARACTERISTICS    OF    MOTORS 

Used  in  various  machines  in  the  preparation  of  food. 

acteristics  of  the  shaft  of  the  motor  follow  the  curve 
DA  as  the  maximum,  or  in  other  words,  the  pull-out  tor- 
que of  the  motor  is  available  for  starting  the  load. 

Curves  showing  the  starting  characteristics  of  the 
motors  are  shown   in  Fig.9.      The  clutch   type  motor 


takes  less  starting  current  than  the  no-clutch  motor  and 
also  uses  it  for  a  shorter  period  of  time  than  either  the 
no-clutch  moior  or  the  repulsion-starting,  induction-run- 
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FIG.   9— STARTING  CHARACTERISTICS  OF   MOTORS   IN   FIG.  8 

ning  motor.  The  repulsion-starting,  induction-running 
motor  however  takes  the  least  starting  current  possible 
with  a  single-phase  self-starting  motor  where  no  rheo- 
stat is  used. 


Ratio  of  Voltage  to  Starting  Torque 

When  the  starting  torque  T  of  an  induction  motor  is 
known  for  any  given  voltage  F,  the  vohage  V  required  to 
develop  some  other  torque  T'  may  be  found  from  the 
formula : — 


V 


=  ^'\|7 


For  example,  if  the  starting  torque  at  full  voltage  is  2.5  times 
full-load  torque  and  full-load  starting  torque  only  is  required, 
the  starting  voltage  should  be, — 

'"'  =  '''^JTj  =  °-^^  '■ 

that  is,  but  63  percent  of  full  voltage  should  be  applied  for 
starting.  The  starting  voltage  should  not  greatly  exceed  that 
required  by  the  torque.  The  starting  voltage  is  reduced  by 
a  starting  autotransformer.  In  sizes  of  five  horse-power  and 
below,  it  is  customary  to  start  the  motors  directly  from  the 
line  without  reducing  the  voltage. 

Aluniinum  Catenary  Construction 

The  usual  catenary  system  consists  of  a  contact  wire  of 
low  conductivity,  a  supporting  cable  of  low  conductivity  and  a 
parallel  system  of  feeder  cables.  In  other  words  the  contact 
system  is  not  depended  on  for  power  transmission.  While 
copper  contact  wires  were  used  in  early  installations,  in  most 
cases  where  the  service  is  heavy  they  have  been  replaced  by 
bronze  or  steel  wires  which  wear  much  better,  the  improved 
wearing  qualities  being  obtained  at  the  expense  of  conductivity. 


It  is  obviously  desirable  to  include  the  necessarj-  conduc- 
tivity in  the  catenary  system,  if  possible.  This  has  been  done 
in  a  51  mile  installation  by  the  Lake  Erie  &  Northern  Railway 
by  the  simple  expedient  of  wrapping  the  conductor  around  the 
steel  messenger  cable.  This  catenary  cable  consists  of  seven 
strands  of  0.1118  inch  double  galvanized  extra  high  strength 
steel,  having  an  elastic  limit  of  130000  pounds  per  square  inch. 
Around  this  steel  core,  fifty-four  strands  of  0.1118  inch  hard 
drawn  aluminum  are  laid  in  three  layers.  This  gives  a  cross- 
section  of  675000  circular  mils  of  aluminum,  having  a  con- 
ductivity of  61  percent ;  equivalent  to  two  No.  4/0  B  &  S  gage 
copper  cables.  The  complete  cable,  including  the  steel  rein- 
forcement, weighs  874  pounds  per  thousand  feet,  whereas  two 
No.  4/0  copper  cables  alone  would  weigh  1316  pounds  per 
thousand  feet. 

For  the  contact  wire,  a  No.  4/0  B  Si  S  gage,  mild  steel, 
galvanized,  grooved  wire  was  chosen,  having  an  elastic  limit 
of  36000  pounds  per  square  inch.  Its  coefficient  of  expansion 
is  only  two-thirds  that  of  copper,  and  its  cost  about  one-third. 
The  contact  wire  was  supported  at  fifteen  foot  intervals  by 
stamped  galvanized  steel  hangers.  The  catenary  cable  was 
strung  with  a  deflection  of  two  feet  in  150  foot  spans.  The 
aluminum  strands  of  the  supporting  cable  are  protected  from 
abrasion  by  sheet  steel  sleeves  provided  with  flanges  somewhat 
in  the  shape  of  a  spool,  between  which  the  loop  of  the  hanger 
is  free  to  rise  slightly  when  the  collector  of  the  car  passes 
under  it,  without  lifting  the  catenary  cable.  The  contact  wire 
and  catenary  cable  are  connected  by  a  stranded  flexible  copper 
conductor  every  150  feet. 
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Joints  in  the  catenary  cable  were  made  by  steel  sleeves 
of  figure  S  section,  about  eighteen  inches  long.  The  ends  of 
the  steel  cable  were  slipped  into  the  sleeve  from  opposite  ends. 
and  the  sleeve  was  then  given  four  or  five  complete  twists. 
Over  the  splice  of  the  steel  core,  an  aluminum  sleeve  was 
placed,  whose  ends  were  compressed  solidly  into  the  strands 
of  the  aluminum  conductors  by  a  portable  hydraulic  press, 
capable  of  exerting  100  tons  pressure. 

By  this  construction,  parallel  feeder  cables  are  eliminated 
entirely  and,  on  account  of  the  high  elastic  limit  of  the  con- 
tact wire,  it  is  expected  that  no  adjustments  will  be  necessary 
to  care  for  the  temperature  differences  between  winter  and 
summer.  In  addition  to  the  saving  of  materials,  a  considerable 
saving  in  insulators  and  labor  was  also  effected. 

Blackening  of  Commutators 

Commutators  or  copper  slip  rings  occasionally  become 
blackened  from  the  action  of  unidirectional  current.  The 
dark  color  is  usually  caused  by  a  some  sort  of  action  which  is 
present  when  direct  current  flows  between  moving  contacts. 
When  current  flows  from  copper  to  carbon,  the  commutator 
face  acquires  a  raw  copper  appearance;  when  from  carbon  to 
copper,  the  copper  receives  a  coating  of  carbon.  On  com- 
mutators, the  difficulty  can  be  avoided  by  staggering  the 
brushes  correctly,  i.e.,  so  that  adjacent  brush  arras  will  have 
the  brushes  exactly  trailing.  This  same  effect  occurs  on  the 
negative  collector  rings  of  large  alternating-current  rotating 
field    generators,    on    the    positive    rings    of    large    homopolar 


generators,  and  on  the  negative  rings  of  homopolar  motors, 
and  is  much  more  pronounced  when  copper  brushes  are  used. 
That  part  of  a  commutator  having  a  medium  degree  of  polish 
is  in  normal  condition,  while  the  part  upon  which  the  positive 
brush  alone  trails  may  be  found  to  be  taking  very  little  of  the 
line  current. 

This  blackening  of  the  commutator  must  not  be  confounded 
with  blackened  bars,  which  may  be  found  located  symmetrically 
or  unsymmetrically  around  the  periphery  of  the  commutator. 
This  is  sometimes  very  bothersome,  and  the  cause  of  the 
difficulty  is  not  always  easy  to  find.  Any  condition  v,hich 
produces  one  bad  spot  may  tend  to  produce  similar  spots 
symmetrically  displaced  around  the  commutator.  When  one 
spot  is  formed,  when  this  spot  passes  under  one  brush  arm, 
the  brush  contacts  at  this  arm  are  naturally  poorer  and  the 
other  brush  arms  of  the  same  polarity  tend  to  take  the  load, 
and  the  current  density  in  their  brushes  is  correspondingly 
increased  during  this  short  period.  If  there  is  any  tendency 
toward  high  mica,  for  instance,  then  the  increased  current 
at  these  points  will  produce  increased  burning  away  of  the 
copper  and  burnt  spots  may  develop.  If  once  developed  they 
may  gradually  travel  around  the  commutator  until  the  whole 
commutator  is  black.  A  local  hard  or  high  mica  strip  may  be 
the  initial  cause  of  the  trouble,  or  a  rough  spot  on  the  com- 
mutator may  give  the  same  result.  But  very  often,  resultant 
high  .mica,  following  the  initial  cause,  tends  to  spread  the 
trouble.  As  soon  as  such  black  spots  are  noted,  further 
trouble  frequently  can  be  headed  off  by  scraping  or  cutting 
the  mica  below  the  copper  surface  in  the  burnt  regions. 


Circle  "T''  Safety  Service  (tS 

EXTERNALLY  OPERATED  KNIFE  SWITCHES 


"Safety  vService"  Knife  vSwitches  can  be 
operated  safely  by  any  kind  of  inexperi- 
enced labor.  No  danger  of  shock  in  renew- 
ing fuses  or  in  opening  and  closing  switch. 


Catch  prevents  switch  from  beir  g  connected  until 
Cover  is  close' 1 


"SAFETY  SERVICE"  FEATURES 

1.  Box  cannot  be  opened  until  Switch  is  disconnected. 

2.  Switch  cannot  be  connected  until  Box  is  closed. 

Hence  it  is  always  impossible  at  any  time  to  come  in  touch  with  a  live  closed  Switch. 

Get  our  "Safety  Service"  Bulletin. 
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The    purpose    of    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies    throughout    the    country. 


The    CO   operation    of    all    those    interested    in 

operating  and  maintaining  railway  equipment 

is  invited.     Address  R.  O.   D.   Editor. 


Installation  of  Air  Piping  to  Prevent  Freezing 


Due  to  the  large  number  of  air-operated  mechanisms 
which  are  used  on  railway  equipments,  it  has  become  necessary 
to  take  great  precaution  in  the  installation  of  the  air  piping 
between  the  compressor  and  the  main  reservoirs  to  prevent 
freezing  of  the  condensed  moisture.  This  is  especially  true 
of  pneumatically-operated  apparatus  which  employs  valves 
with  small  openings.  Contrary  to  a  general  impression,  freez- 
ing at  very  low  temperatures  is  not  so  troublesome  as  at  a 
little  below  32  degrees  F.  because,  at  lower  temperatures, 
most  of  the  moisture  has  been  frozen  out  of  the  atmosphere. 
At  32  degrees  F.  the  moisture  carried  over  from  the  com- 
pressor is  therefore  greater  than  at  the  lower  temperatures. 
The  installation  of  the  air  piping  should  be  such  that  the 
maximum  amount  of  moisture  is  retained  in  the  main  reservoir. 
No  pockets  should  exist  where  moisture  is  liable  to  be  re- 
tained, as  freezing  will  occur  wherever  a  small  body  of  water 
collects  in  the  piping.- 

FEED  PIPE 

The  pipe  between  the  compressor  and  the  main  reservoir 
as  well  as  the  pipe  between  the  two  main  reservoirs  should 
be  at  least  25  feet  long  and  when  the  length  of  car  does  not 
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CONNECTIONS 

In  connecting  the  feed  pipe  to  the  reservoir,  particular 
attention  should  be  given  to  make  sure  that  the  connections  do 
not  give  a  reduction  of  pipe  area  at  any  point,  as  a  change  in 
area  increases  the  possibility  of  freezing.  One  of  the  most 
common  breaches  in  the  proper  method  of  making  an  air  in- 
stallation is  to  use  an  "L"  fitting  at  this  joint,  which  not  only 
gives  a  reduction  of  area  but  forms  a  trap  for  moisture  to 
accumulate,  as  can  be  seen  in  Fig.  3.  This  difficulty,  however, 
should  not  exist,  because  most  manufacturers  of  air  reservoirs 
tap  the  reservoirs  for  pipe  connections  of  ample  size.  A  better 
and  much  more  satisfactory  scheme  for  this  connection  is  to 
have  a  straight  run  or  large  radius  bend  to  the  main  reservoir 
where  possible  and  use  a  connector  which  does  not  give  a 
reduction  in  area,  as  shown  in  Fig.  5. 

A  moisture  trap  which  can  be  arranged  in  conjunction  with 
the  main  reservoir  is  shown  in  Fig.  4. 


PIPING  TO  APPARATUS 


All    piping   from   the    reservoir   to    the    various 
apparatus  should  be  aranged  to  drain  back  into  the 


pieces   of 
reservoir 


FIG.  3. 


FIG.   4. 


FIG.    5. 


permit  a  straight  run,  the  pipe  should  be  made  up  in  the  form 
shown  in  Fig.  I.  This  method  of  piping  gives  a  maximum  of 
cooling  with  minimum  space. 

A  scheme  which  is  similar  to  the  pipe  coil  but  having  the 
additional  advantage  of  multiple  paths,  is  shown  in  Fig.  2. 
With  this  arrangement,  a  number  of  tubes  are  fastened  into 
two  heads  or  drums.  One  of  these  drums  can  be  used  as  a 
moisture  trap,  preventing  the  major  portion  of  the  moisture 
from  getting  into  the  main  reservoir.  This  advantage  how- 
ever is  offset  by  the  ease  with  which  the  moisture  can  be  more 
thoroughly  drained  from  the  main  reservoir.  For  a  given 
length  of  piping  of  the  same  diameter  in  the  two  systems,  one 
aranged  in  a  single  path  and  the  other  in  multiple  paths,  the 
single  path  will  require  a  greater  velocity  and  hence  a  greater 
loss  in  pressure  for  the  delivery  of  a  given  quantity  of  air. 
This  means  that,  for  a  given  main  reservoir,  the  compressor 
must  pump  against  a  greater  pressure  with  the  single  path 
system,  because  of  the  greater  friction.  This  higher  pressure 
is  accompanied  by  a  higher  temperature  and  consequently, 
even  though  the  radiating  surface  of  both  arrangements  of 
piping  be  the  same,  the  air  from  the  single  path  of  pipe,  in 
view  of  its  higher  initial  temperature,  must  necessarily  be 
warmer  when  reaching  the  main  reservoir  than  with  the  mani- 
fold arrangement.  The  extent  to  which  this  difference  exists 
depends  upon  the  size  of  pipe  and  upon  the  quantity  of  air 
delivered  in  a  given  unit  of  time. 


as   far   as   possible   and  when   this   is   impossible   it   should   at 
least  drain  away  from  the  apparatus. 


There  have  been  a  number  of  installations  where  the  com- 
pressor intake  has  been  mounted  inside  of  the  car,  and  in 
some  cases  it  has  been  mounted  underneath  the  car.  The  best 
place  to  mount  the  intake  is  on  the  roof  of  car,  as  it  is  then 
possible  to  obtain  cool,  clean  air.  With  the  intake  mounted 
inside  of  the  car,  a  greater  percentage  of  moisture  is  obtained, 
which  is  always  to  be  avoided.  More  moisture  is  obtained 
from  the  interior  of  a  car  than  the  exterior  on  a  cold  day, 
because  the  higher  temperature  of  the  air  within  the  car, 
permits  the  presence  of  more  moisture  per  unit  volume  of  air 
than  in  the  air  outside  of  car. 

INSPECTION 

Even  with  the  best  of  installations  it  is  impossible  to  pre- 
vent considerable  moisture  from  getting  into  the  system.  To 
prevent  trouble  from  this  source,  a  rigid  inspection  should  be 
maintained  during  the  winter.  It  is  a  good  practice  to  drain 
the  main  reservoir  at  least  once  a  day,  and  oftener  if  possible. 
Some  interurban  roads  operating  between  terminals  make  a 
practice  of  draining  after  each  round  trip. 


THE    ELECTRIC    JOURNAL 


31 


OrR  si.hscribers  nrc  invited  to  use  this  dep.irtment  as  a  means  of  sccunns 
■luthentic  information  on  electrical  and  mechanical  subjects  The  topics 
should  be  of  general  interest;  mformalion  .n^(>l^.n^  the  specific  desiKn  of 
individuil  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
ncludc  all  data  necessary  for  an  intelligent  answer. 


A  PERSONAL  reply  is  mailed  to  each  questioner  enclosint^  a  stamped,  self 
addressed  en\'efope  as  soon  as  the  necessary  information  can  be  obtained. 
Anonymous  ()uestions  cannot  be  considered.  As  e.ich  ()uestion  is  answered 
by  an  e,\pert  on  the  suliject  in\oKed,  and  checked  by  at  least  two  others, 
a  reasonable  lent;th  of  time  should  be  allowed  before  e.xpectini;  an  answer. 


1547 — Special  Transformer  Connec- 
tions— I  am  contemplating  the  in- 
stallation of  two  75  kw.  transformers 
with  Scott  taps  brought  out  of  the 
primary  windings  and  the  general 
scheme  of  connections  as  shown  in 
Fig.  (a).  This  outfit  is  to  be  used  in 
connection  with  a  centrifugal  pump 
test  floor,  for  testing  pumps  with  their 
direct-connected  motors.  We  encounter 
motors  of  no,  220,  440,  550  and  2300 
volts  both  two-phase  and  three-phase, 
but  the  majority  are  220  and  440  volts, 
two  and  three-phase,  which  could  be 
taken  care  of  by  the  connections  shown. 
It  seems  to  me  that  the  no  and  550 
volt  motors  could  be  taken  care  of 
with  an  autotransformer,  with  taps 
brought  out  as  shown  in  Fig.  (b), 
using  the  same  autotransformer  for 
both  two-phase  and  three-phase 
service.  Aside  from  the  autotrans- 
former, which  I  imagine  would  have 
to  be  of  a  special  design,  the  outfit  • 
involves  only  standard  apparatus 
which  could  be  purchased  at  current 
prices  and  short-time  delivery.  I 
would  highly  appreciate  any  sug- 
gestions or  criticism  of  this  plan,  or 
the  suggestion  of  some  different  and 
better  scheme  for  accomplishing  the 
same  results.  a.b.c.  (wis.) 

The  schemes  of  connections  shown 
by  Figs,  (a)  and  (b)  should  give  good 
results.     The     scheme    shown    by     Fig 
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(b)  will  require  two  single-phase  ai'.to- 
transformers,  one  for  each  side,  or  if 
one  unit  is  used  it  must  be  of  special 
construction  so  as  to  provide  for  two 
magnetic  fields,  60  degrees  out-of-phase 
when  operating  three-phase,  and  90  de- 
grees out-of-phase  when  operating  two- 
phase.  This  can  be  accomplished  by 
placing  the  two  windings  on  two  cores 
of  a  three-core  construction  as  indicated 
by  Fig.  (c).  The  middle  core  should 
be  40  percent  larger  in  cross-section 
than  the  cores  on  which  the  windings 
are  placed.     Figs,   (a)   and   (b)   provide 


for  all  voltages  mentioned  except  2300. 
The  2300,  three-phase,  can  be  taken 
from  the  line  and  the  2300,  two-phase 
can  be  obtained  from  the  outside  con- 
nections of  primary  side  of  trans- 
formers opposite  points  8,  S.  4  and  i  in 
Fig.  (a).  The  single-pole,  double 
throw  switches  should  be  in  the  down 
position  for  two-phase,  2300  volts. 


1548 — Tra.msformer  Operation —  Please 
explain  the  reasons  for  the  results  ob- 
tained on  the  two  banks  of  transform- 
ers shown  in  Fig.  (a).  All  the  load 
on  these  transformers  is  between  the 
outside  wires  and  the  neutral.  Refer- 
ring to  Fig.    (a),    this    bank    of    two 
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FIG.     1548    (b) 

transformers  has  its  primary  windings 
connected  in  open-delta,  and  second- 
aries connected  to  the  no  volt — 220 
volt,  three-wire  lighting  feeders.  If 
these  connections  are  correct  for  the 
result  obtained,  would  it  not  be  possi- 
ble to  connect  both  halves  of  the  sec- 
ondaries in  parallel  and  thus  use  the 
transformers  to  their  full  capacity? 
Would  the  placing  of  a  load  across  the 
220  volt  mains  have  any  effect  on  the 
performance  of  the  transformers? 
The  transformers  are  presumably  con- 
nected as  shown  in  Fig  (b).  This 
should  give  no  volts,  three-phase; 
220  volts,  three-phase  on  open-delta,  or 
two  no  volt — 220  volt,  three-wire  sys- 
tems. However,  the  actual  voltages 
measured  across  the  busbars  with  test 
lamps  are  appro.ximately  as  follows : 
A-B  no;  A-C  220;  A-D  330;  A-E  440. 
A  ground  on  busbar  A  or  B  would 
cause  the  opposite  ground  lamp  to  be 
blown  out.  If  the  secondary  leads  of 
one  transformer  were  reversed  'as 
shown  in  Fig.  (c),  would  that  explain 
the  voltages  obtained? 

o.F.H.    (alberta) 

The  connection  shown  in  Fig.  (a)  is 
open-delta  with  one  phase  of  the  low- 
tension  reversed,  which  causes  the  volt- 
ages, on  the  low-voltage  side,  to  be  120 
degrees  apart.  This  connection  gives  no 
volts  between  outside  and  middle  wires 
and  1.73  X  no  =  190  volts  between  the 


two  outside  wires.  If  no  and  190  volts 
are  satisfactory,  the  two  halves  of  the 
low-voltage  winding  can  be  connected  in 
parallel  with  the  result  of  increased  ca- 
pacity from  the  transformers.  The 
transformer  bank  will  have  somewhat 
poorer  regulation  for  loads  connected  to 
the  190  volt  leads  than  for  loads  on  the 
no  volt  leads.  A  load  connected  to  the 
190  volt  leads  will  produce  a  slight  drop 
in  voltage  across  the  190  volt  as  well  as 
the  no  volt  leads,  but  this  reduction  in 
voltage,  in  general,  should  be  of  little 
importance.  Transformers  connected 
according  to  Fig.  (b)  should  give  no 
and  220  volts,  three-phase,  open-delta,  or 
.two  110-220  volt,  three-wire  circuits  as 
stated  in  the  question.  If  one  phase  is 
reversed  as  indicated  by  Fig.  (c),  then 
the  voltages  should  be  as  follows:  A-B 
—  no;  A-C  =  220;  A-D  =  292;  and 
A-C  =  381.  It  is  probable  that  the  bank 
was  connected  according  to  Fig.  (c) 
and  that  the  voltages  A-D  =  3 to  and 
■^-C  =^  440  as  measured  with  lamps  are 
in  error.  j.f.p. 

1549— Enamel  for  Rotor  B.\rs— Can 
you  furnish  a  formula  for  the  enamel 
used  to  insulate  rotor  bars?  We  have 
several  75  and  100  hp  motors  which 
are  insulated  with  fish  paper,  but 
which  do  not  stand  up  like  enameled 

bars.  F,W.    (TE.NN.) 

There  are  a  number  of  insulating 
varnishes  on  the  market  suitable  for  in- 
sulating rotor  bars.  The  main  charac- 
teristic required  for  such  a  varnish 
would  be  a  tough,  long-life  film  when 
baked.  Two  good  varnishes  for  this 
class  of  work  are  known  as  "Amber  In- 
sulating Varnish"  and  "Black  Asphaltum 
Enamel  ]\I  1955."  These  varnishes  re- 
quire baking  at  a  temperature  of  no  to 
125  degrees  C.  four  to  ei.a:ht  hours. 

L.T.F. 

1550 — Locking  of  Induction  Motor — 
What  is  the  explanation  of  the  "lock- 
ing" that  occurs  in  an  induction  motor 
where  the  number  of  stator  and  rotor 
slots  have  a  common  divisor?  What 
effect,  if  any,  would  different  stator 
and  rotor  windings  have  on  this  lock- 
ing, i.e.,  whether  two,  three  or  split- 
phase  stator,  and  squirrel-cage  or 
wound-type  rotor.  Would  completely 
closed  rotor  slots  eliminate  the 
trouble?  What  effect  on  the  perform- 
ance would  such  rotor  slots  have? 

C.P.S.    (MINN.) 

The  rotor  and  stator  tend  to  move  in- 
to a  position  which  will  allow  the  most 
magnetic  flux  or  in  other  words,  to  a 
position  in  which  the  reluctance  of  the 
air  path  is  a  maximum.  To  move  it 
from  this  position  will  require  a  torque 
proportional  to  the  flu.x,  and  evidently 
the  motor  will  lock  unless  its  starting 
torque  in  this  position  is  greater  than 
the  locking  torque.  A  squirrel-cage  mo- 
tor will  have  less  tendency  to  lock  than 
a  wound-rotor  motor  due  to  the  short- 
circuited  winding  tending  to  distribute 
the  flux  evenly.  A  split-phase  motor  will 
lock  more  easily  than  a  two  or  three- 
phase  motor  because  it  naturally  has 
poorer    starting    torque,    although     with 
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equal  torques  at  start,  there  should  not 
be  any  difference  in  the  primarj'  circuit. 
Closed  slots  would  not  have  any  one 
position  of  rotor  which  would  give  a  ma- 
terially lower  reluctance  of  the  air-gap 
than  any  other  position,  provided  the 
bridges  over  the  slots  did  not  become 
saturated.  Closed  slots  w'ould  not  pro- 
duce dead  points  but  they  would  de- 
crease tlie  pull-out  torque  of  tlie  motor 
considerably-  To  prevent  locUmg,  the 
number  of  primary  and  rotor  teeth  and 
their  size  must  be  so  proportioned  that 
the  reluctance  of  the  air-gap  will  be  as 
nearly  constant  as  possible  all  around 
and  for  all  positions  of  the  rotor. 

C.W.K. 

1551 — Calculation  of  Direct-Current 
Transmission  Line — Fig.  (a)  shows 
a  locomotive  haulage  at  275  volts 
direct-current,  on  which  several  lo- 
comotives and  direct-current  air  com- 
pressor motors  are  working.  Part 
of  the  installation  is  completed  and 
the  power  is  supplied  by  two  300  kw, 
275  to  300  volt  generators ;  further 
installations  are  to  be  made  and  are 
to  be  taken  care  of  by  one  300  kw,  275 
to  300  volt  generator.  Fig.  (a)  shows 
the  amount  of  copper  and  steel  now 
in  use  for  feeders  and  the  location  of 
the  various  loads.  It  is  desired  to 
have  the  two  substations  operate  in 
parallel.  What  size  of  wire  is  most 
desirable  (in  the  locations  shown)  to 
get  best  parallel  operation  of  the 
generators?  H.M.J,    (pa.) 

The  load  on  the  two  generating 
stations  should  divide  in  proportion  to 
their  capacities.  The  600  kw  station 
would    then    supply    2200    amperes    and 


ately   to    the   capacity.     The   difference 
necessary  may  be  computed  from, — 
2200  R,  -\-  1200  Ri  —  300  Re  —  iioo  Ri 
=  iii  —  E-..  A.W.C. 

1552 — Commutator  Segments— The  ad- 
jacent segments  on  the  commutator 
01  a  50  kw,  six-pole  generator  are  of 
different  colors,  every  other  segment 
being  of  the  same  color.  The  seg- 
ments look  as  it'  they  were  heated  un- 
equally. The  generator  has  a  two- 
circuit,  wave-wound  armature  of  112 
coils  and  56  slots.  It  is  direct-coupled 
to  a  steam  engine  running  at  300 
r.p.m.  What  is  the  reason  for  this 
phenomenon?  h.w.a.   (mo.) 

The  probable  explanation  of  the 
phenomenon  is  that  the  armature  coils 
of  the  machine  are  not  evenly  distri- 
buted around  the  periphery,  but  are 
grouped  in  pairs  in  slots.  As  a  result 
of  this,  two  coils  cut  the  same  flux 
almost  simultaneously  if  they  lie  in  the 
same  slot,  but  at  different  times  if  in 
different  slots.  Since  these  coils  are 
connected  to  commutator  bars  of  uni- 
form width,  they  commutate  at  regular 
intervals.  This  means  that  the  com- 
mutating  zone  of  one  coil  of  a  slot,  is 
displaced  somewhat  with  respect  to  that 
of  the  other  coil  in  the  same  slot.  The 
main  field  reverses  in  polarity  in  the 
neutral  zone,  and  therefore  has  different 
effects  on  opposite  sides  of  the  neutral. 
Since  the  two  coils  of  a  slot  commutate 
at  different  positions,  they  are  unequally 
affected  by  the  main  field  while  short- 
circuited  by  the  brush.  In  the  case  of 
a  commutating-pole  machine,  the  com- 
mutating-pole  cannot  easih"  be  arranged 
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FIG.  1551  (a)  and  (b) 


the  300  kw  station   would   snr  ly    iioo 
amperes.     If    the    voUa<'-  the    two 

stations  are  equal,  the  ->gc  drop  be- 

tween them  is  ?.••-.  •  gives: — 

2200  y^.    1-    120'     Ai.    -     300  /?c  —  IIOO  Ri 

=  o. 

Rt  and  Ra  are  determined  from  the 
conductor  sizes  in  the  tw-o  sections 
nearest  to  the  600  kw  station.  Ri  can 
be  determined  if  the  conductor  in  this 
section  is  made  of  sufficient  size  to  carry 
the  current.  This  then  leaves  Re  to  be 
found.  It  is  made  up  of  1200  feet  of 
4/0  wires  and  four  3S-poupd  rails ;  of 
1400  feet  of  two  40-pound  rails  and 
1900  feet  of  conductor  of  size  to  be 
determined.  Subtracting  the  known 
parts  leaves  only  the  resistance  of  the 
1900  feet  of  conductor.  Probably  the 
size  thus  found  will  be  smaller  than  can 
handle  the  currents  which  will  flow 
under  operating  conditions.  In  this 
case  it  will  be  necessary  to  adjust  the 
compounding  on  one  of  the  stations  so 
that  the  difference  in  voltage  under 
load  will  not  be  zero  but  will  be  such  as 
to  cause  the  loads  to  divide  proportion- 


to  take  care  of  this  difference,  and  if 
the  commutating-pole  flux  is  correct  for 
one  coil,  it  will  not  be  quite  right  for 
the  other.  This  results  in  one  coil  com- 
mutating  a  little  poorer  than  the  other, 
and  if  the  difference  is  sufficient,  it  may 
manifest  in  a  discoloration  of  every 
other  bar.  This  phenomenon  is  even 
more  likely  to  occur  in  the  case  of  a 
multiple-wound,  non-commutating-pole 
machine  with  several  bars  per  slot. 
Undercutting  the  commutator  mica  has 
been  known  to  make  machines  less 
sensitive  to  such  conditions.  f.d.n. 

1553 — Causes  of  Noise  in  Induction- 
'  Motor — We  have  a  30  horse-power, 
three-phase,  2300  volt,  induction  motor 
which  takes  four  amperes  more  on 
one  phase  than  on  either  of  the 
other  phases.  The  motor  niakes  a 
noise  at  times,  depending  on  its  load 
and  voltage.  Under  light  load  and 
higher  voltage  the  noise  is  very  loud. 
As  far  as  we  can  see  the  rotor  is  not 
striking  the  stator.  Fig.  (a)  shows 
how   the   motor   is   connected   and   by 


what  ammeters  we  take  our  reading. 
J. A. p.   (MINN.) 

The  main  load  on  the  generator,  aside 
from  that  due  to  the  induction  motor, 
may  be  unbalanced,  and  in  this  case, 
the  motor  would  tend  to  balance  the 
load.  For  this  reason  the  readings  of 
the  ammeters  when  located  as  shown 
may  not  be  a  true  indication  of  the 
amount  of  unbalancing  due  to  the 
motor.  An  induction  motor  of  the  rat- 
ing given  should  take  about  eight 
amperes  per  terminal  at  full  load. 
Assuming  that  the  motor  is  actually  re- 
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sponsible  for  all  the  unbalancing  indi- 
cated by  the  ammeter  readings,  it  would 
seem  that  the  motor  was  running  under 
light  load  or  no  load  when  these  read- 
ings were  taken  since  the  readings  show 
that  two  phases  of  the  motor  are  taking 
four  amperes  and  the  third  phase,  eight 
amperes.  Two  possible  causes  of  this 
unbalancing  in  the  motor  are : — First, 
the  third  phase  of  the  motor  may  be 
connected  so  that  it  has  twice  the  num- 
ber of  parallels  or  one-half  the  number 
of  turns  in  series  that  the  other  two 
phases  have.  This  condition  would 
cause  a  serious  unbalancing  at  light 
loads  or  no  load  and  high  voltages,  as 
the  third  phase,  with  only  one-half  the 
series  turns  that  phases  one  and  two 
have,  would  take  twice  the  magnetizing 
current  that  phases  one  and  two  would 
take.  This  unbalancing  of  the  currents 
in  the  three  phases  would  in  turn  pro- 
duce a  distorted  magnetic  field  and  this 
distorted  field  would  result  in  a  noise 
such  as  mentioned  in  the  question. 
The  unbalancing  of  the  currents  would 
also  produce  unequal  heating  of  the 
motor.  Second; — a  part  of  the  coils  in 
the  third  phase  may  be  short-circuited. 
This  also  would  reduce  the  number  of 
effective  turns  in  the  third  phase  and  to 
that  extent  have  very  much  the  same 
effect  as  outlined  above,  besides  pro- 
ducing a  further  unbalancing  of  the 
currents  due  to  the  fact  that  the  short- 
circuited  coils  would  act  like  a  short- 
circuited  secondary  of  a  transformer. 
In  this  case  there  would  tend  to  be  ex- 
cessive local  heating.  g.t.s. 

1554 — Storage  Battery  Charging — A 
storage  batterj'  is  rated  to  be  charged 
at  90  amperes.  What  difference  will 
it  make  if  it  is  charged  at  no  amperes 
continuously?  Will  this  shorten  the 
life  of  the  battery  in  any  way?  If 
the  batten.'  is  using  too  much  water, 
what  is  the  cause  of  it?  What  is  the 
trouble  with  it  if  it  is  charging  too 
slowly  when  the  solution  is  good  and 
what  is  the  best  way  to  boost  it  with- 
out damage  to  the  cells?  This  is  a 
mine  battery  locomotive.  F.K.  (pa.) 
Judging  by  the  90  ampere  charging 
rate,  the  battery  in  question  is  of  the 
Edison  type.  It  is  permissible  to  charge 
an   Edison  battery  at  any  rate  as  long 
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as    the    temperature    of    the    electrolyte 
does  not   exceed  an   actual   teinperature 
of    115   degrees   F.   at   the   hottest  point 
which  is  usually  near  the  center  of  each 
cell.     If  the  115  degrees  F.  temperature 
is  not  exceeded,  the  life  ol  the  battery 
will   not  be  materially  affected.     If   the 
battery    is    requiring    more    water    than 
normal,    it    is    probably    being    charged 
too    frequently    or    the    temperature    ot 
the    electrolyte    is    allowed    to    increase 
above  115  degrees  F.,  either  during  the 
charging  or  discharging  periods  of  the 
battery.     If   the   specific   gravity   of   the 
electrolyte   is   normal,   namely,    1.170   to 
I.IQO  and  the  battery  does  not  develop 
full  capacity  after  receiving  a  complete 
charge  at  the  proper  rate  for  the  proper 
length  of  time,  then  there  are  but  two 
conclusions: — first,    the    liattery    is    ap- 
proaching   the    limit    of    its    useful    life 
when  the  elements  must  be  renewed,  or 
second,  the  battery  has  previously  been 
charged  at  a  rate  less  than  the  normal 
rate  prior  to  the  last  charge  at  the  nor- 
mal rate.  a.m.C. 
1555 — Temperature   Measuring   Device 
ON    Alternators — I    have    read    with 
great    interest    Mr.     B.    G.    Lamme|s 
article    entitled    "Temperature    Distri- 
bution in  Electric   Machinery"  in  the 
February     '17     issue.     Mr.     Lamme's 
article    seems    to    indicate    that    he    is 
much   in   favor  of  the   thermo-couple 
in    preference    to    the    resistance    coil 
for     measuring     temperature.      As     a 
matter    of    general    interest    I    would 
like    to    know    how    extensively    the 
thermo-couple  and  resistance  coil  are 
being   used   at  the   present   time,   that 
is,  are  all  of  the  prominent  electrical 
manufacturers    equipping    their    gene- 
rators with  either  one  or  the  other? 

H.B.T.  (ill.) 
Some  form  of  internal  temperature 
measuring  device  is  now  very  generally 
used  for  the  larger  alternating-current 
generators,  particularly  those  directly 
driven  by  steam  turbines.  The  standard- 
ization rules  of  the  A.I.E.E.  specify 
that  all  generators  having  cores  20 
inches  wide,  or  more,  shall  have  an  in- 
ternal temperature  measuring  device  in- 
stalled. The  Westinghouse  Company  is 
now  following  this  practice  in  its 
turbogenerators,  and  we  understand 
that  the  General  Electric  Company  is 
also  following  it.  f.d.n. 

1556 — Reconnecting  Induction  Motor 
— I  was  called  upon  to  reconnect  a  50 
horse-power,  60  cycle,  220  volt, 
squirrel-cage  induction  motor  for  25 
cvcles,  440  volts  and  to  retain  the 
same  horse-power.  The  speed  may 
be  1500  r.p.m.,  present  no-load  speed 
1200,  full-load  speed  1165.  It  was 
originally  connected  in  parallel-star 
ivith  the  coils  in  each  group  paralleled. 
I  changf-d  to  single  star  and  con- 
nected the  coils  in  each  group  in 
series  and  made  it  a  two-pole  machine. 
The  coils  are  form  wound.  These 
chang'^s  have  resulted  in  the  motor 
heating  bevond  a  safe  point  on  "no 
load."  If  it  is  the  lack  of  iron  which 
prevents  this  change,  would  it  work 
if  wound  for  40  horse-power,  2i 
cvcl?,   440  vohs?  a.a.k.    (ill.) 

Th?  trouble  is  with  the  "throw"  or 
"oitch"  of  the  coil  and  is  explained  in 
the  Journal  for  Februan,'  iqi6  under 
the  subheading  "chord  factor."  The 
span  of  the  coil  must  be  somewhere 
near  the  distance  from  the  center  of 
one  ''North"  pole  to  the  center  of  one 
"South"  pole,  or  180  electrical  degrees, 


and  should  never  be  less  than  one-half 
this  distance.  In  the  case  referred  to 
above,  the  original  throw  of  the  coils 
was  right  for  six  poles  or  a  little  less 
than  one-sixth  of  the  circumference  of 
the  inside  of  the  stator  core.  When 
reconnected  for  two  poles,  the  coils 
would  then  span  less  than  one-third  of 
a  pole  pitch  or  less  than  60  electrical 
degrees.  The  effect  of  this  is  to  very 
greatly  reduce  the  counter  e.m.f.  which 
the  coils  will  generate  with  the  same 
field  flux.  Since  a  counter  e.m.f. 
approximately  equal  to  the  line  voltage 
must  be  generated  in  any  case,  this  re- 
sults in  making  necessao'  an  increased 
field  flux  or  more  magnetism  in  the 
iron  and  an  increase  no-load  current. 
The  effect  of  the  increased  magnetism 
is  to  increase  the  iron  loss  and  the 
effect  of  the  increased  no-load  current, 
which  is  the  magnetizing  current,  is  to 
lower  the  power- factor  when  the 
machine  is  loaded  and  this  in  turn  in- 
creases the  copper  loss.  The  effect  of 
increasing  the  iron  loss  and  the  copper 
loss  is  to  increase  the  heating.  This  is 
explained  in  the  Feb.  1916  article  and 
a  factor  is  given  to  show  the  effect  on 
the  generated  counter  e.m.f.,  of  chord- 
ing  the  coil.  In  general,  the  throw  of 
the  coil  should  not  be  less  than  one-half 
of  the  pole-pitch  or  disturbances  in  the 
shape  of  the  magnetic  field  will  result 
in  addition  to  the  troubles  already 
mentioned.  In  changing  from  one 
number  of  poles  to  a  smaller  number, 
the  iron  below  the  slots  is  worked 
harder  since  the  total  magnetic  field  in 
the  machine  is  divided  into  a  smaller 
number  of  magnetic  circuits  with  the 
result  that  there  is  more  magnetism  at 
any  given  point  in  the  core  below  the 
slots.  This  causes  the  core  iron  to 
work  harder  to  carry  the  increased  flux 
and  causes  increased  iron  losses. 
Changing  from  six  to  two  poles  would 
be  enough  to  cause  trouble  even  if  the 
throw  of  the  coil  was  nearly  correct. 
The  remedy  will  be  a  new  set  of  coils 
with  the  proper  throw  and  number  of 
turns  and  even  then  the  horse-power 
will  probably  have  to  be  cut  in  half  due 
to  the  core  section  below  the  slots  not 
being  sufficiently  large  for  a  two-pole 
motor.  The  short-circuiting  rings  on 
the  squirrel-cnge  motor  will  also  have 
to  be  changed  since  their  cross-section 
is  not  great  enough  for  the  two-pole 
current.  am.d. 

1557 — End  Shake  Adjustment  of  In- 
dicating Ixstrumexts — Please  ex- 
plain the  adjustment  for  end  shake 
on  portable  indicating  instruments  of 
the  electrodynamometer  type.  How 
much  end  shake  is  proper? 

F.LB.   (pa.) 

There  are  two  adjustments  at  the 
upper  end  of  the  shaft  of  the  electro- 
dynamometer  type  meter.  One  of  these 
is  a  jewel  screw  which  holds  the  shaft 
and  regulates  the  end  shake.  The 
other  is  a  set  nut  on  the  jewel  screw, 
which  in  most  meters  locks  the  spring 
adjustment  for  zero  setting.  To  change 
the  amount  of  end  shake,  it  is  neces- 
sary to  loosen  slightly  the  set  nut,  then 
turn  the  jewel  screw  in  or  out,  and  re- 
tighten  the  set  nut.  The  method  of  ad- 
iusting  the  end  shake  is  to  turn  in  the 
jewel  screw,  moving  the  shaft  lightly 
until  the  end  play  just  disappears;  then 
the  screw  is  backed  out  about  one- 
fourth  revolution.  As  the  pitch  of  the 
jewel  screw  is  usually  80  threads  per 
inch,    this   will    give    an    end    shake    of 


about  three  mils.  After  making  this 
adjustment,  the  spring  should  be  turned 
to  adjust  for  a  zero  setting  again. 

H.V.S.T. 

1558 — Reactance  Coils — What  is  con- 
sidered good  practice,  to  use,  or  not 
to  use,  choke  coils  at  the  junction  of 
overhead  and  underground  feeder 
systems?  Fig.  (a)  illustrates  the 
point  in  question.  Please  explain 
action  of  abrupt  surges  in  each  case. 

C.P.P.    (ONTARIO) 

The  use  of  choke  coils  for  protecting 
cables  is  not  to  be  recommended  for  the 
reason  that  choke  coils  possess  con- 
siderable inductance,  while  cables  usually 
have  little  inductance  and  have  high 
electrostatic  capacity.     The  combination 


FIG.  1558(3) 


of  inductance  and  capacity  in  series  is 
liable  to  produce  a  condition  of  reson- 
ance in  W'hich  a  greater  potential  may 
occur  over  each  than  over  both  in 
series,  as  these  potentials  may  be  nearly 
opposite  in  phase.  A  great  many  sys- 
tems, as  for  instance  the  case  at  hand, 
have  a  combination  of  cable  and  over- 
head lines.  In  view  of  the  above 
generalization,  the  question  at  once 
arises  whether  or  not  the  system  in 
question  should  be  considered  as  a  cable 
system  or  not.  In  determining  this, 
there  is  no  hard  and  fast  rule,  it  de- 
pends upon  the  relation  of  the  induc- 
tance and  capacity  of  the  system.  One 
of  the  large  manufacturing  concerns 
has  considered  it  good  practice  to  con- 
sider all  lines  with  more  than  one-half 
mile  of  cable  as  a  cable  system  and  that 
in  such  cases  choke  coils  should  not  be 
used  either  at  the  station  or  at  the 
junctions  of  the  cable  and  overhead 
line;  and  that  a  system  with  less  than 
one-half  mile  of  cable  is  not  a  cable 
system  and  choke  coils  may  be  used. 
In  this  particular  case,  we  w-ould  con- 
sider it  good  practice  to  place  an 
arrester  at  the  junction  point  of  over- 
head and  cable  systems.  Abrupt  surges 
striking  a  cable  that  is  not  protected  by 
choke  coils  are  by  no  means  as  danger- 
ous, as  when  they  strike  pieces  of 
apparatus  that  are  inductive.  This  is 
assuming  that  the  insulation  in  the  two 
cases  is  equal.  In  the  case  of  an  in- 
ductive piece  of  apparatus,  th;  progress 
of  the  surge  is  suddenly  impeded  and 
the  voltage  piles  up  at  the  terminals  of 
the  apparatus  and  may  cause  a  failure 
of  insulation.  On  the  other  hand,  when 
an  abrupt  surge  strikes  a  device  of 
high  electrostatic  capacity,  like  a  cable, 
it  meets  with  the  opposite  of  imn^dance 
and  is  flattened  out.  The  cable  thus 
tends  to  protect  itself  against  abrupt 
surges,  and  this  is  the  reason  why 
choke  coils  can  be  omitted  in  ronncrtion 
with  cables  ■with  reasonable  safety, 
entirely  aside  from  the  fact  that  the 
choke  coils  might  cause  trouble  in  the 
case  of  other  surges.  This  tendency  of 
a  condenser  to  flatten  out  a  surge  and 
reduce  its  voltage  has  been  taken  ad- 
vantage  of,   both   in   this   country  and 
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abroad,  by  the  use  of  electrostatic  con- 
densers as  lightning  protective  devices, 
particularly   on   direct-current   circuits. 
G.c.D.  and  Q.A.R. 

1559— P  H  A  s  I  N  G-ouT  Transmission 
Lines — What  methods  do  you  recom- 
mend to  phase-out  60000  volt  trans- 
mission lines  which  originating  from 
one  source  of  power,  have  been 
stepped  up  and  down  several  times 
finally  resulting  in  two  voltages  the 
same  to  tie  together,  completing  a 
loop.  A  simple  illustration  of  what  is 
desired  is  shown  in  Fig.  (a).  How 
will  the  high  and  low  sides  of  bank  3 
have  to  be  connected  to  tie  lines  I  and 
2  together.  If  the  transformers  at 
bank  3  can  be  so  arranged,  how  can 
the  24000  volt  sides  be  ohased-out  to 
tie  together  at  this  point  ? 

E.W.R.  (kans). 
If  it  is  possible  to  trace  out  each  con- 
ductor from  the  common  4400  volt  bus 
up  to  transformer  bank  3,  the  connec- 
tions at  this  bank  should  be  made  as 
shown  in  Fig.  (b).  If  it  is  impossible 
to  trace  out  each  conductor,  then  the 
following  method  is  suggested.  Connect 
the  transformer  in  delta  on  the  24000 
volt  side  and  in  star  on  the  66000  volt 
side-  Close  switches  on  the  66000  volt 
side  leaving  the  24  000  volt  side  discon- 


-t- 


W.IW  -jVrtrtrtnJ        Iwwi/  *' 


FIG.  1559     (a),  (b)  and  (c) 

nected  from  the  24000  volt  line.  Con- 
nect a  static  vohmeter  between  the 
24  000  volt  line  and  the  24  000  volt  side 
of  the  transformer  in  such  a  wav  as  to 
measure  only  a  part  of  the  line  potential 
for  safety  and  convenience-  This  may 
be  done  by  connecting  the  static  volt- 
meter to  the  cap  of  the  second  suspen- 
sion insulator  (counting  from'the  cross 
arm)  as  shown  by  the  full  lines  in  Fig. 
(c),  or  in  case  of  pin-type  insulators,  to 
the  rim  of  the  lowest  petticoat  as  shown 
dotted  in  Fig.  (c).  The  conductors  pro- 
ducing no  positive  deflection  of  the  volt- 
meter are  of  the  same  phase  and  should 
be  connected  to  the  terminals  of  the  oil 
circuit-breaker  controlling  said  phase. 
See  article  on  ''Phasing  Out  High  -Ten- 
sion Lines"  by  F.  C.  Stone,  in  the  Jour- 
nal for  Nov.  '17,  p.  448-  M.H.C. 


1560 — Lighting  Installation —  It  is  de- 
sired to  install  thirty-six  550  watt 
Mazda  C  units  in  a  machine  shop. 
The  building  is  400  feet  long  and  50 
feet  wide-  llamps  are  to  be  suspended 
from  the  lower  edge  of  the  roof 
trusses  which  are  20  feet  apart  and 
lamps  are  high  enough  to  clear  the 
crane.  It  is  proposed  to  control  the 
lamps  in  groups  of  four  from  the 
lighting  cabinet  located  near  the  en- 
trance. One  group  is  about  250  feet 
from  the  cabinet.  No.  8  wire  would 
cause  a  drop  of  about  five  volts  at 
these  lamps.  Would  it  be  advisable  to 
allow  that  much  drop  using  no  volt 
lamps,  and  reduce  the  size  of  wire  for 
the  groups  near  the  cabinet  so  as  to 
maintain  five  volts  drop  all  over  the 
shop,  or  would  it  be  more  satisfactory 
to  use  the  same  size  wire  throughout 
and  use  higher  voltage  lamps  near  the 
cabinet  ?  Can  you  suggest  a  more 
satisfactory  arrangement? 

P.  J.     (OHio) 

The  saving  of  copper  would  not 
justify  the  variation  of  five  volts  on  the 
system.  Good  regulation  is  of  prime  im- 
portance in  a  successful  lighting  install- 
ation. The  voltage  variation  really 
should  not  exceed  two  volts.  The  use 
nf  No.  6  wire  on  the  group  which  is  250 
feet  from  the  cabinet  would  probably 
cause  a  drop  of  from  two  to  three  volts. 
The  use  of  the  same  size  of  wire 
throughout  or  higher  voltage  lamps  near 
the  cabinet  is  not  a  proper  arrangement. 
Care  may  be  exercised  at  first  by  the  at- 
tendants but  is  only  a  question  of  time 
until  the  lamps  are  used  in  the  wrong 
sockets  and  the  general  performance  of 
the  system  will  be  faulty.  a.b. 

1561— Motor  Wi-Ndings— (a)  I  have  a 
zo  horse-powcr,  three-phase,  eight- 
pole,  440  volt,  900  r.p.m.  motor  with 
three  coils  per  pole,  that  was  con- 
nected one-circuit  delta,  span  i — 10. 
I  changed  this  winding  to  a  three- 
phase,  440  volt,  60  cycle,  1200  r.p.m., 
four  coils  per  pole,  six-pole  machine 
with  a  two-circuit,  star-star  winding, 
span  I — 10.  I  have  noticed,  ever  since 
I  have  reconnected  this  motor,  that  it 
seems  to  take  more  current  than  it  did 
before  it  was  changed.  The  20  horse- 
power starter  that  was  on  it  before 
does  not  seem  to  be  large  enough  now 
to  handle  the  current,  as  it  burns  the 
dnnu  and  finger  contacts  more  now 
than  before.  The  autotransformer  coils 
in  the  starter  for  the  starting  current 
do  not  seem  to  be  large  enough  either, 
although  they  are  both  connected  on 
the  highest  tap  on  service.  The  writer 
is  under  the  impression  that  changing 
this  motor  from  goo  to  1200  r.p.m.  in- 
creases the  exciting  current^  also  the 
liorsc-power  of  the  machine,  and,  that 
the  auto  starter  coils  are  not  large 
enough  for  the  starting  circuit  re- 
quired now  by  the  motor.  Is  it  best 
to  install  a  larger  starter  of  about  ^0 
horse-power  or  so?  Also  what  horse- 
power will  the  motor  develop  by  this 
change?  (b)  I  have  also  a  three- 
)ihase  6o  cycles,  220  volt  wound-sec- 
ondary motor,  connected  two  parallel 
star,  that  I  would  like  to  change  to  a 
two-phase.  440  volt  connection.  I  find 
bv  my  tables  that  a  two-phase  440  volt 
connection  cannot  be  had  as  the  near- 
est to  it  would  be  356  volts,  and  this 
motor  would  probably  have  to  run  on 
4S0  or  500  volts.  Would  the  insula- 
tion and  motor  stand  for  the  increase 
of  voltage  from  356  to  480-500?  (c) 
1  have   also    a   one-half    horse-power. 


1800  r.p.m.,  48  slot,  24  coil,  one  con- 
ductor per  slot,  span  1-12,  four-pole, 
single-phase  motor  which  has  a  phase- 
splitter  or  starting  box.  Please  ex- 
plain how  to  connect  this  motor  for 
no  and  220  volts  without  a  phase- 
splitter,  and  how  the  ordinary  knife 
switch  could  be  used  for  starting  with 
pulley  and  belt.  e.m.d.     (wash.) 

(a)  In  any  induction  motor,  the  ro- 
tating magnetic  field  can  be  conceived  to 
be  cutting  the  stator  coils  and  generat- 
ing in  them  a  back  voltage  or  counter 
e.m.f.  of  practically  the  same  value  as 
the  voltage  applied  from  the  line.  Re- 
connecting the  six  poles  causes  the  mag- 
netic field  to  rotate  four-thirds  as  fast 
and  consequently  to  generate  four-thirds 
as  much  voltage.  Consequently  the  line 
voltage  should  be  raised  to  four-thirds 
its  original  value  or  585  volts.  Recon- 
necting from  delta  to  parallel-star  would 


thus 


-lake 


1-73 


X    585  =    S08    volts. 


Since  the  throw  of  the  coil  is  unchanged 
a  chord-factor  nf  0.92  is  introduced  due 
to  the  coil  spanning  only  nine-twelfths 
of  the  pole-face  on  the  six-pole  connec- 
tion. This  reduces  the  line  voltages 
again  to  ,c;o3  X  0.92  =  466  volts  or 
nearly  right  for  440  volts.  The  only 
thing  to  disturb  this  would  be  the  fact 
that  the  iron  back  of  the  slots  is  work- 
ins'  harder  on  six  poles  than  on  eight 
poles,  since  the  total  magnetic  flux  is  as- 
sumed to  be  the  same  and  since  it  is 
divided  into  eight  circuits  in  one  case 
and  only  six  in  the  other.  Hence  in  any 
cross-section  nf  the  core  back  of  the 
slots  there  is  eight-sixths  as  much  mag- 
netic flux  with  the  six-pole  connection. 
This  may  cause  saturation  and  higher 
no-load  current  and  poorer  power-factor 
and  hence  higher  full-load  current. 
However,  assuming  that  this  saturation 
is  reasonable,  the  horse-power  on  the 
six-pole  connection  will  be  increased 
about  as  the  speed  or  say  to  2667  horse- 
power. Since  the  line  voltage  remains 
at  AAO  the  auto-starter  has  to  carrv  ''■'>, 
percent  more  current,  and  this  probably 
nccnunts  for  its  operating  at  a  highe'- 
temperature.  Cb>  No,  the  motor  will 
not  operate  pronerly.  No  well  designed 
motor  will  stand  a"  increase  of  its  oner- 
atin,g  voltage  mnrh  over  ten  percent. 
See  article  on  "Fffect  of  Voltage  or  Fre- 
nuencv  Variation  on  Induction  Motor 
Charncteristics"  bv  L.  W.  Smith  in  the 
Tot-rnai,  for  March  '17,  p.  105.  Cc")  The 
running  winding  is  in  two  sections 
marked  A^  —  A-.  and  5,  —  B..  For  220 
volts  connect  A-  and  Bi  to  one  line^  and 
A-2  and  B-  to  the  other  line.  In  either 
case,  if  the  motor  is  to  be  started  by 
hand  as  described,  the  two  ends  of  the 
starting  winding  Ci  and  Co  should  be 
taped  as  there  will  be  a  voltage  gener- 
ated in  the  starting  winding  after  the 
motor  is  up  to  speed  and  the  two  ends 
may  become  short-circuited  unless  insu- 
lated  from  each  other.  a.m.d. 


CORRECTION 


On    page    359    of    the    Journal   for 
September  '17     at   the    top    of    the    first 

column    the    fraction     ,_„    should    read 

23.6 

10'' 
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There  has  been  a  more  or  less  general 
Design  Limits      feeling  for  some  years  that  the  day  of 
**'      _  the  direct-current  generator  is  past, 

Commutating      ^^^^  ^^^^  ^^  importance  of  the  work 
Machines         ^^^  ^^  demands  on  the  skill  of  the 
direct-current  machinery  designer  have  considerably  de- 
creased.    With  the  concentration  of  power  production 
m  large  central  stations,  with  the  disappearance  of  re- 
ciprocating engines  in  favor  of  turbine  units  of  five  and 
ten  times  their  capacity  and  the  almost  universal  use  of 
alternating-current  generating  units,  the  direct-current 
generator   has    practically    disappeared    as    a    primary 
source  of  electric  power.     This  has  probably  been  the 
basis  of  the  feeling  mentioned  but,  while  the  importance 
of  commutating  machinery  has,  without  question,  de- 
creased in   the  field  of  generation,   it  has  greatly  in- 
creased in  the  transformation  and  utilization  of  power. 
At  present,  direct-current  motors  capable  of  exert- 
ing   2000006    foot-pounds    torque    ('corresponding    to 
15  000  horse-power  at  maximum  speed)  and  capable  of 
reversing  from  full  speed  in  one  direction  to  full  speed 
in  the  other  direction  in  one  second  are  operating  re- 
versing blooming  mills  in  many  of  the  largest  mills  in 
the  country  and  playing  no  small  part  in  enabling  the 
steel  industry  to  meet  the  unprecedented  demands  now 
being  made  on  it ;  direct-current  hoist  motors  are  run- 
ning some  of  the  largest  capacity  hoists  in  deep  mining 
operations ;  the  expansion  of  the  Navy's  submarine  pro- 
gram has  given  direct-current  designers  a  new  and  in- 
teresting problem ;  and  the  acknowledged  advantages  of 
direct-current  in  the  propulsion  of  cars  and  trains  has 
led  to  a  most  difficult  problem  in  designing  motor-gener- 
ator sets  for  high  voltage  railway  service.     These  new 
applications  for  direct-current  machines  give  the  work 
of    the    direct-current    designer    an    importance    and 
variety,  and  require  a  degree  of  skill  that  makes  an  ap- 
peal to  the  ablest  men  looking  forward  to  electrical  ma 
chinery  design  as  a  vocation. 

These  observations  have  been  suggested  by  the  in- 
teresting article  on  the  design  limits  of  direct-current 
machines  by  Mr.  Hague  in  the  present  issue  of  the 
Journal.  Mr.  Hague  virisely  emphasizes  the  fact  that 
the  limits  he  discusses  are  limits  only  in  the  sense  that 
they  mark  the  present  boundaries  of  our  knowledge  of 
the  theory  involved  and  of  our  skill  in  design  and  con- 
struction. These  boundaries  have  advanced  year  by 
year  in  the  past  and  may  reasonably  be  expected  to  ad- 
vance still  further  in  the  future.  If  these  so-called 
"limits"  are  considered  merely  as  shifting  "boundaries" 
a  better  attitude  of  mind  toward  changes  in  speeds, 
voltages  and  other  characteristics  will  follow.  The 
limits  existing  five  years  ago  required  that  a  looo  kilo- 
watt, 600  volt  generator  be  designed  with  a  speed  not  ex- 


ceeding 600  r.  p.  m.    Today  with  the  extension  of  limits 
this  maximum  speed  has  been  increased  fifty  percent. 

It  is  significant  that  the  greater  part  of  Mr.  Hague's 
article  is  concerned  with  commutation  and  commutators. 
It  seems  to  be  a  habit  of  commutators  to  monopolize  at- 
tention. It  is  a  fact  that  limits  are  more  often  imposed 
by  commutation,  particularly  in  the  higher  speed  rat- 
ings, than  by  heating.  This  also  explains  why  the  rating 
of  direct-current  machines  has  been  more  difficult  than 
of  alternating-current  machines,  where  capacity  is  lim- 
ited mainly  by  heating.  In  direct-current  machines  both 
commutation  and  temperature  are  important  limits  and 
the  method  of  rating  must  be  determined  partly  by  the 
characteristics  of  the  unit  and  partly  by  the  service  re- 
requirements.  F.  D.  Newbury 


In  the  early  days  of  electric  power 
What  Is  development  glass  was  the  material 

Electrical  resorted  to  for  line  insulation,  because 

Porcelain  ?  engineers  were  familiar  with  its  use 
on  telegraph  circuits.  When  made  in 
larger  sizes  and  subjected  to  higher  voltages,  however, 
glass  betrayed  certain  weaknesses,  and  necessity  com- 
pelled a  resort  to  porcelain  on  account  of  its  greater  re- 
sistance to  breakage  from  stresses  due  to  temperature 
changes,  its  somewhat  superior  weathering  qualities, 
and  the  comparative  ease  of  manufacture  in  larger  sizes. 
It  is  true  perhaps  that  some  of  the  earlier  electrical 
porcelain  resembled  Kipling's  "Bloomin'  idol  made  o' 
mud"  celebrated  in  "The  Road  to  Mandalay"  and  did 
not  justify  our  faith  in  it.  Modern  electrical  porcelain, 
however,  is  fabricated  on  logical  formulae  based  on  an 
analysis  of  the  desirable  qualities  and  the  possibility  of 
obtaining  these  qualities  with  the  materials  available. 
In  the  current  issue  of  the  Journal  Messrs.  Gilchrest 
and  Klinefelter  have  described,  in  a  very  interesting  and 
convincing  way,  how  a  reasonable  balance  has  been  ob- 
tained between  mechanical  strength,  dielectric  strength, 
resistance  to  moisture  absorption  and  resistance  to  frac- 
ture from  sudden  temperature  changes. 

Well-made  electrical  porcelain  is  a  quite  satisfac- 
tory product  when  used  with  proper  consideration  for 
its  limitations.  Like  many  other  elements  of  electrical 
equipment,  real  progress  has  been  and  is  being  made 
by  detail  refinements  as  a  result  of  accurate  knowledge 
based  on  careful  research.  Such  technical  knowledge  is 
of  immediate  value  in  two  ways.  First,  it  permits,  and 
in  fact,  makes  imperative  a  more  exact  control  of  the 
processes  of  manufacture  such  as  the  checking  of  purity 
of  materials,  correctness  of  firing  temperatures,  etc. 
Second,  it  permits  a  more  e.xact  fitting  of  the  formulae 
to   the  available   materials   to   obtain   the  best   results, 

R.  P.  Jackson 


Efectiionl  "Povcolara 

G.  I.  GiLCHKEST  and  T.  A.  Klinefelter 

This  article  deals  with  a  phase  of  the  electrical  field  which  is  still  in  the  "rule  of  thumb"  stage  in 
a  great  many  respects.  A  resume  of  existing  literature  on  the  subject  shows  data  of  varying  value,  and 
much  haziness  in  general.  The  electrical  porcelain  manufacturer,  llie  ceramic  engineer,  the  designing 
engineer  and  the  operating  engineer  all  view  the  problem  from  different  angles.  The  object  of  this 
article  is  to  bring  about  a  better  understanding  between  production  and  operating  engineers, 
particularly  that  the  latter  may  understand  the  manufacturing  standpoint.  To  get  this  standpoint 
clearly,  it  is  desirable,  first  of  all,  to  outline  the  manufacture  of  electrical  porcelain  step  by  step;  next, 
the  data  obtained  from  an  investigation  of  porcelain  mi.xes  and  ingredients  and  their  influence  on  de- 
sign ;  finally,  the  design  itself. 


THE  foundation  of  porcelain  manufacture  is  the 
mixture  of  materials  which,  when  burned,  makes 
the  porcelain.  Electrical  porcelain,  as  far  as  its 
main  ingredients  are  concerned,  is  like  other  porcelain, 
china  ware  or  chemical  ware.  The  proportions  are  dif- 
ferent and  the  treatment  a  little  different. 

A  mere  listing  of  the  various  components  of  the 
high  grade  wares  and  the  widely  different  localities  from 
which  the}'  come  will  enable  one  to  understand  how  the 
porcelain  maker  is  hampered  by  variable  factors. 

SELECTION  OF  MATERIALS 

The  three  main  factors,  or  ingredients,  are  flint, 
feldspar  and  clay,  and  there  are  many  different  kinds  of 
each  ingredient  to  choose  from.  In  the  choice  of  flint, 
there  is  flint  from  the  pebble,  which  is  an  amorphous 
form;  flint  from  quartzite,  the  crystalline  form,  or  just 
plain,  pure  sand,  ground  up.  And  then,  again,  it  may  be 
drj'  ground  or  wet  ground.  There  are  numerous  feld- 
spars, and  a  great  variety  of  clays. 

In  the  case  of  flint  the  porcelain  maker  wants  a  finely 
ground  or  powdered  material  which  is  clean  and  pure. 
The  ordinary  flint  is  very  finely  ground  quartz  rock,  al- 
most pure  silicon  dioxide.  In  appearance,  the  ground 
material  might  be  mistaken  for  ordinary  white  flour. 
As  the  material  is  abundant,  there  is  no  trouble  from 
adulterants  or  impurities,  and  so  the  user  is  generally 
concerned  only  about  the  fineness  of  its  grinding.  This 
is  important,  so  a  shipment  of  flint  is  usually  checked  up 
for  fineness  of  grain  and  moisture  content. 

The  same  statement  applies  also  to  feldspar  ship- 
ments so  far  as  the  usual  routine  testing  is  concerned. 
However,  due  to  its  importance  and  the  wide  variation 
of  feldspar  quality,  other  tests  must  be  made,  and  the 
material  checked  from  time  to  time.  The  feldspar  is 
the  active  agent  in  the  mix  during  the  burn,  and,  if 
adulterated  with  flint  or  with  an  inferior  feldspar,  an 
otherwise  high  grade  spar  may  be  very  inefficient  in  pro- 
ducing the  degree  of  vitrification  desired.  So  a  chemical 
analysis  is  frequently  of  service  in  determining  the 
quality  of  the  material.  A  much  used  test  is  to  melt 
some  of  the  feldspar  in  the  kiln  and  obtain  an  idea  as  to 
its  quality  by  examination  after  the  burn. 

A  still  better  method,  which  was  used  during  the 
investigations  here  described,  is  to  make  the  feldspar  in- 
to standard  cones,  such  as  are  used  in  determining  kiln 
temperatures.  These  cones  are  made  from  the  same  ma- 
terials as  the  body  itself,  but  of  such  proportions  that 
they  flux  or  deform  when  the  proper  firing  temperature 


is  reached.  Standard  set  of  cones  of  standard  composi- 
tion are  made  in  pyramidal  form  and  are  set  in  a  base  or 
plaque  of  clay  as  shown  in  Fig.  i.  The  temperature  is 
indicated  by  the  degree  of  deforination,  which  is  a  mea- 
sure of  both  the  duration  and  intensity  of  the  heat.  In 
order  to  determine  the  properties  of  a  new  feldspar, 
cones  of  the  pure  spar  are  made  up,  also  some  contain- 
ing varying  amounts  of  flint ;  all  are  placed  together  in  a 
base  or  plaque  with  regular  standard  cones  and  fired  in 
the  kiln.  By  comparing  these  cones  with  those  made 
from  other  feldspars  the  relative  value  of  the  feldspar 
in  the  body  mix  can  be  judged  quite  accurately. 

As  to  their  chemical  natures  and  properties,  feld- 
spars are  alkaline  aluminum-silicates,  and  so  are  rich  in 
either  soda  or  potash  or  both.     But  there  is  no  practical 


FIG.    I — STANDARD    PYRAMIDAL    TEMPERATURE    CONE    PLAQUES 

Shown  before  firing  on   the   left   and   after   firing   on   the 
right. 

commercial  process  for  making  the  proper  separation. 
If  the  chemist  can  find  the  key,  he  will  unlock  a  won- 
derful storehouse  of  these  valued  products,  especially 
the  potash.  Furthermore,  it  has  been  found  that  the 
potash  feldspars  are  the  more  highly  desirable  in  the 
manufacture  of  high  grade  clay  wares,  rather  than  the 
soda  spars,  since  the  potash  ware  has  a  clear  bell-like 
ring  when  struck,  while  the  ware  made  of  the  soda  spar 
gives  off  a  dull  wooden  sound. 

In  the  same  way,  the  variation  of  clays  is  wide.  No 
two  clays  are  quite  alike.  However,  in  a  broad  general 
way,  the  porcelain  maker  divides  his  clays  into  two 
classes — china  clays  or  kaolins,  and  ball  clays.  In  both 
cases  he  has  an  enormous  variety  from  which  to  choose. 

When  feldspar,  under  the  action  of  water,  breaks 
up  it  forms  clay.  Thus,  clays  are  simply  products  of 
decoinposed  or  weathered  feldspars.  If  the  feldspar  is 
pure  and  free  from  coloring  oxides  a  white  kaolin, 
rather  coarse  grained,  is  the  result:  If,  however,  the 
feldspar  or  kaolin  has  been  washed  away  and  mixed 
with  iron,  etc.,  the  various  colored  clays  are  die  result. 
If  the  process  of  washing  and  grinding  is  continued  a 
long  enough  time,  a  veiy  fine  grained  clay  is  the  result. 
In  its  journey,  it  has  become  thoroughly  mixed  with 
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organic  materials.       Such  clays  become  our  ball  clays. 

The  china  clay,  coarser  grained  and  freer  from 
impurities,  burns  to  a  whiter  color  than  the  ball  clay, 
does  not  vitrify  or  fuse  as  soon,  and  gives,  consequently, 
a  body  of  rougher  texture.  Mostly  because  of  the  color, 
the  china  clay  is  given  greater  predominance  in  a  body 
mix  by  the  manufacturer  of  dishes,  etc. 

The  ball  clays,  however,  on  account  of  their 'fine- 
ness of  grain,  and  perhaps  their  organic  substances, 
make  a  body  which  is  very  plastic  and  flows  exception- 
ally well.  Then,  too,  they  are  more  sticky  and  hold 
the  body  ingredients  together  better  than  tlie  china  clay. 
Hence,  a  piece  of  ball  clay  ware,  having  been  shaped 
and  put  aside,  to  dry  is  not  so  likely  to  crack.  Having 
chosen  feldspars  from  Canada  or  the  New  England 
States,  or  Pennsylvania  or  some  southern  state,  and 
flint  from  sources  as  wide,  and  clay  from  England  and 
Tennessee  and  Kentucky  and  Georgia  or  the  Carolinas, 
the  next  step  is  a  sampling  of  each  carload  received. 

The  amount  of  moisture  or  water  must  be  deter- 
mined, especially  in  the  case  of  clays.  The  clays  are 
likely  to  contain  a  20  percent  variation  of  moisture  con- 
tent. In  the  case  of  the  other  materials,  fiint  and  feld- 
spar, another  factor  must  be  watched  carefully.  This 
is  the  determination  of  how  finely  tlie  material  has  been 
ground  in  the  mills. 

MECHANICAL  TREATMENT  OF   MIX 

The  batches  are  usually  weighed  in  lots  of  about 
one  ton.  Since  they  are  sticky  and  hard  to  break  up, 
the  clays  are  weighed  first  and  thrown  into  the 
"blunger"  some  time  before  the  remaining  ingredients 
are  added.  The  blungers  are  great  chums  which  beat 
and  mix  all  the  ingredients  with  hot  water,  so  that  after 
several  hours  of  blunging,  the  mass  is  reduced  to  a 
thick,  creamy  consistency  termed  "slip".  The  hot  water 
tends  to  keep  the  temperature  the  same  summer  and 
winter.  Of  course,  for  the  sake  of  adequate  produc- 
tion, several  of  these  blungers  are  going  at  the  same 
time.  Having  been  blunged,  the  slip  from  several 
blungers  is  run  together  and  mixed  and  allowed  to  run 
over  a  screen  which  is  kept  shaking  rapidly  by  mechan- 
ical means.  The  screen  catches  most  of  the  dirt  and 
impurities  and  coarsely  ground  materials.  The  slip 
which  runs  through  the  screen  goes  on  to  a  cistern  where 
it  is  kept  in  motion  to  prevent  the  heavier  ingredients, 
the  flint  and  feldspar,  from  settling  out. 

From  the  cistern  the  slip  is  pumped  up  into  filter 
presses.  The  water  is  strained  out  to  a  certain  degree, 
leaving  a  cake  behind  containing  a  more  or  less  definite 
water  content.  The  time  required  to  do  the  pumping, 
and  the  pressure  to  which  it  is  necessary  to  pump,  de- 
pend primarily  upon  the  body  mix.  Commercially  the 
pumping  takes  several  hours  for  electrical  porcelain. 

After  tlie  pumping  is  completed  the  cakes  are  taken 
to  a  cellar  or  storeroom  where  they  are  piled  up  in  a 
close  compact  mass.  Here  the  mass  stands  and  ages  for 
considerable  length  of  time.  This  aging  is  primarily 
for  the  purpose  of  allowing  the  water  to  permeate  all 


parts  of  the  mass  equally  and  thoroughly.  The  aging 
time  varies  considerably  in  practice  and  depends  upon 
the  mixture  itself,  the  kind  of  cellar  used  and  the  ulti- 
mate process  of  manufacture.  For  instance  it  has  been 
found  that  clay  stored  on  oak  planks  becomes  more 
plastic  than  when  stored  on  a  cement  floor.  The  tannic 
acid  of  the  oak  is  supposed  to  be  the  main  factor  here. 

Instances  of  this  kind  have  led  to  considerable  ex- 
perimenting with  the  use  of  chemicals  for  adding  plas- 
ticity to  clay.  Although  the  experiments  were  rather 
successful,  on  the  whole  the  results  have  never  been 
adopted  commercially  because  in  most  cases  it  is  con- 
sidered cheaper  to  buy  a  clay  of  the  necessary  plas- 
ticity rather  than  to  treat  an  inferior  grade.  The  intro- 
duction of  some  acid  does  not  explain  all  of  this 
phenomenon  of  added  plasticity  due  to  storing,  and  in 
some  cases  investigators  have  proven  that  a  certain 
amount  of  bacterial  growth  goes  on.  However,  the  or- 
dinary commercial  mix  cannot  wait  on  bacterial  growth 
nor  bother  with  chanical  treatment.  It  is  aged  long 
enough  for  the  moisture  content  to  become  uniform. 

Having  reached  this  stage,  the  mass  is  now  inti- 
mately and  thoroughly  mixed  by  machines  to  obtain 


FIG.   2 — HORIZONTAL  PUG   MILL 

Cover  removed  to  show  position  of  knives. 

tne  maximum  degree  of  plasticity  and  workableness  as 
well  as  to  eliminate  as  much  as  possible,  the  air  in  the 
clay.  There  are  various  sorts  of  machines  for  doing 
this,  the  commonest  one  being  the  "pug"  mill.  This  is 
a  tube  or  cylinder,  horizontal  or  vertical,  with  a  central 
shaft  carrying  knives.  These  knives,  set  at  proper 
angles,  cut  and  push  the  clay  toward  the  end,  as  shown 
in  Fig.  2,  where  a  relatively  small  hole  allows  the  mixed 
clay  to  come  out.  The  setting  of  the  knives  and  the 
speed  at  which  they  travel  are  determined  primarily  by 
the  kind  of  body  used.  The  hole  for  allowing  the  es- 
cape of  the  clay,  is  threaded  so  as  to  allow  a  die  to  be 
screwed  on,  so  that  the  opening  may  be  varied  in  size  or 
shape.     Its  construction  is  of  great  importance. 

A  clay  column  flows  in  much  the  same  manner  as 
water  in  a  stream — the  center  faster  than  the  sides.  In 
bad  cases,  this  differential  flow  causes  layer  after  layer 
which  at  times  can  be  unwrapped  almost  like  a  roll  of 
cotton  batting.  A  die  nozzle  and  an  extruded  clay  sec- 
tion two  inches  wide  by  three-fourth  inch  thick  are 
shown  in  Fig.  3.  The  part  separated  from  the  die  was 
cut  flush  with  its  face.  The  section  protruding  from 
the  nozzle  illustrates  the  manner  in  which  the  friction 
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of  the  sides  causes  the  conditions  above  mentioned. 
'J  he  knives  evidently  start  some  of  this  trouble,  espec- 
ially where  the  clay  is  quite  plastic  and  does  not  weld 
together  again  very  readily  after  being  cut. 

Although  this  trouble  is  always  reduced  as  much  as 
possible,  it  is  never  absolutely  eliminated  with  this  type 
of  machine.  In  the  old  method  of  working  the  clay  by 
hand,  termed  wedging,  this  difficulty  was  not  present 


FIG.   3 — DIE    NOZZLE   AND   EXTRUDED   CLAY    SECTION 

Part  of  pug  mill  shown  in  Fig.  2. 

but  it  is,  of  course,  much  too  slow  and  expensive  a 
method  to  be  used  commercially.  However,  if  the  die 
is  properly  constructed,  the  knives  carefully  set  and  the 
speed  properly  adjusted  for  a  particular  body  mix,  there 
should  be  little  trouble  from  laminations.  Furthermore, 
the  workmen  rework  the  clay  to  a  certain  extent  so  that 
any  lamination  will  be  neutralized  almost  entirely. 

FORMING  THE  WARE. 

In.  working  the  body  into  ware,  it  goes  to  the  var- 
ious benches,  to  be  "jiggered"  01  pressed,  or  turned  on 
a  lathe.  All  these  processes  are  really  mechanical  mod- 
ifications of  the  ancient  method  of  making  clay  ware  by 
"throwing";  which  consisted  in  placing  a  '''mp  of  "lay 
at  the  centre  of  a  horizontal  wheel,  whicn  is  kept  spin- 
ning.    The  article  is  then  pulled  up  and  shaped  by  hand. 

To  insure  uniformity  and  gain  speed,  the  jigger 
wheel  came  into  use.  Instead  of  a  flat  horizontal  wheel, 
a  pot-shaped  container  is  used,  which  holds  a  plaster 
mold.  This  is  shaped  on  the  inside  in  the  form  of  the 
outer  surface  of  the  piece  to  be  manufactured.  The 
inside  of  the  piece  is  then  shaped  by  a  cutting  edge  or 
form  which  swings  down  in  the  arc  of  a  circle  or  drops 
down  like  a  drill  press.  A  jigger  arm  is  shown  in  two 
positions  in  Figs.  4  and  5.  A  modification  of  this 
method  is  the  jigger  press  where  the  mold  is  held  sta- 
tionar)',  and  the  inside  of  the  clay  piece  is  shaped  by  a 
core  or  plunger  which  does  the  spinning  as  it  drops 
down.  The  plunger  must  be  kept  heated  to  the  right 
temperature  or  the  clay  will  stick  to  it.  In  neither  case 
is  the  operation  quite  as  simple  as  it  looks.  The  chunk 
of  clay  from  which  the  ware  is  formed  must  be  shaped 
by  hand  and  worked  somewhat  before  dropping  into 
the  mold  and,  furthermore,  it  must  be  dropped  in  rather 
carefully.  The  jiggered  ware  must  be  manipulated 
and  smoothed  by  the  workman  while  it  is  being  shaped. 

After  being  formed  the  mold  and  shaped  ware  are 
allowed  to  stand  for  several  hours  in  order  to  stiffen. 


This  is  accomplished  by  the  mold,  which  being  of  plaster 
of  Paris  absorbs  water  from  the  ware.  The  ware  is 
then  taken  from  the  mold.  The  making  of  molds  is  one 
of  the  important  processes  in  a  porcelain  plant.  The 
molds  are  costly  to  model  and  break  quite  easily.  The 
design  of  the  ware  must  also  be  such  that  it  can  be  re- 
moved from  the  mold,  which  is  in  orit  piece. 

After  remaining  in  the  molds  a  sufficient  time  to  per- 
mit handling,  it  is  in  a  condition  known  to  potters  as 
"leatherhard",  when  it  is  delivered  to  the  trimmer,  who 
places  it  on  a  plaster  shape  which  is  the  reverse  of  that 
in  which  it  was  formed.  The  plaster  die  fits  the 
inside  of  the  ware,  leaving  the  outside  exposed.  The 
whole  is  set  in  a  revolving  container,  and  the  trimmer 
smooths  and  finishes  off  the  outer  surface.  Being  rela- 
tively smooth  on  the  inside  and  outside  the  ware  can 
now  be  dried.  In  many  cases,  this  procedure  is  re- 
versed, i.  e.,  the  ware  is  dried  to  a  condition  termed 
bone  dry  and  then  trimmed.  Both  methods  have  their 
advantages  and  disadvantages. 

Certain  types  of  electrical  porcelain,  such  as  bush- 
ings and  bus-bar  supports,  are  quite  difficult  to  handle 
by  jiggering.  In  such  cases,  a  cylinder  of  clay  of  cor- 
rect size  is  squeezed  from  the  pug  mill  and  allowed  to 
dry  to  a  stage  just  right  for  turning.  It  is  then  placed 
on  a  mandrel  and  turned  down  like  a  piece  of  wood. 
It  is  easy  to  see  that  if  the  blanks  are  not  properly 
pugged,  dried  and  handled,  they  may  turn  out  defective. 


FIGS.  4  and  5 — SIMPLE  jigger  arm 
Used  to  form  or  press  the  clay  into  ware.    A  finished  cup 
is  shown  in  Fig.  4. 

Another  process  of  recent  origin  is  that  of  casting. 
This  consists  in  taking  the  clay  after  it  has  been  filter 
pressed  and  working  it  back  again  into  the  form  of  a 
slip  by  the  aid  of  chemical  salts.     Using  these,  it  is  pos- 
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■sible  to  obtain  a  clay  slip  which  will  pour  in  a  fine  stream 
and  yet  possess  little  more  water  than  the  clay  being 
used  at  the  jigger  wheel.  In  this  condition  the  slip 
may  be  poured  into  molds  constructed  for  the  purpose 
and  form  all  sorts  of  intricate  shapes  not  possible  by 
other  methods.  This  method  requires  careful  technical 
control  and  has  not  yet  displaced  the  ordinary  methods 
when  they  can  be  used.  It  is  quite  largely  used  in  art 
ware,  however,  and  results  in  exquisite  work. 

The  last  process  in  common  use  is  that  of  dry  press- 
ing. Here  the  filter  cake  is  dried  out,  beaten  up  into 
small  pieces,  a  definite  amount  of  water  added  and 
further  disintegrated  into  a  fine  powder.  It  is  then 
placed  in  powerful  presses  and  squeezed  between  dies. 
This  results  in  a  compact  mass  which  becomes  quite 
tough  on  being  dried  out.  The  ware  produced  by  this 
method  is  somewhat  different  in  structure  from  that 
produced  by  the  other  methods,  which  are  known  as  the 
wet  process  and  the  casting  process.  It  is  more  open 
and  Dorous  as  a  rule.  In  general,  it  is  used  for  low 
voltage  porcelain ;  that  is,  knobs,  cleats,  switch  bases, 
etc.  After  being  formed,  the  drying,  trimming,  etc.  is 
carried  on  in  tlie  same  way  as  the  other  processes. 

DRYING 

The  drying  of  clay  is  a  step  in  the  process  of  manu- 
facture, next  in  importance  to  that  of  firing.  The  gen- 
eral weather  conditions,  drafts  in  the  drying  room,  rapid 
change  of  humidity,  rate  of  heating,  and  design  of  the 
ware  are  several  important  factors.  The  designer  must 
be  eternally  on  the  lookout  in  the  matter  of  so  shaping 
his  piece  that  the  drying  can  be  carried  out  on  a  com- 
mercial basis.  Depending  upon  the  design,  the  ware 
may  be  dried  in  a  few  days  or  it  may  take  weeks.  Since 
the  drying  of  any  piece  of  ware,  is  a  matter  of  several 
days,  the  drying  areas  occupy  a  large  proportion  of  the 
factory,  and  the  space  must  have  a  fair  margin  over  the 
normal  demand,  so  as  to  keep  a  steady  production. 

GLAZING 

When  dried,  the  ware  is  dipped  in  the  glaze.  This 
is  a  thin  coat  of  glass  made  up  of  the  same  ingredients 
as  the  body,  in  different  proportions  and  with  materials 
added  which  will  cause  the  mixture  to  melt  to  a  glass 
long  before  the  body  itself.  Generally  a  coloring 
oxide  is  added  to  produce  the  desired  color.  Its  uses 
are  several.  The  body  surface  of  the  unglazed  piece  is 
slightly  rough  and  would  collect  dirt.  The  glaze  pre- 
vents this.  Again,  the  color  can  be  varied.  Generally, 
the  color  is  such  as  to  render  it  inconspicuous.  The 
extra  insulation  afforded  by  the  glaze  is  too  small  to  be 
taken  into  account.  The  glaze  must  be  kept  stirred  con- 
stantly, must  be  of  the  right  weight,  must  be  put  on  to 
the  proper  thickness,  and  finally,  must  be  fired  correctly. 


Unless  the  glaze  is  suitable  to  the  particular  body  on 
cooling  it  may  contract  more  than  the  body 
and  pull  apart  in  cracks,  generally  called  crazing. 
Old  glazes  nearly  all  craze  in  time.  Just  as  often  the 
reverse  of  crazing,  known  as  "creeping"  or  "crawling", 
occurs  and  the  glaze  collects  in  globules,  or  draws  away 
from  an  edge,  leaving  the  body  bare  in  places.  Again 
unless  the  proper  degree  of  heat  has  been  reached,  it 
will  look  dull  and  pitted,  and  if  overheated,  the  color 
may  change  or  even  be  burned  out.  The  colored  glazes 
are  rather  limited,  since  veiy  few  coloring  oxides  will 
withstand  the  high  heat  of  the  porcelain  kiln.  Two  or 
three  are  reliable  and  one  or  two  more  rather  uncer- 
tain. The  rest  simply  evaporate.  Fortunately  color, 
especially  delicate  shades,  is  unimportant  and  rather 
a  minor  consideration  in  electrical  porcelain. 

BURNING 

After  glazing,  the  ware  is  ready  for  the  kiln.  Here 
the  pieces  are  placed  in  "saggers",  or  refractory  con- 
tainers which  hold  the  ware.  The  saggers  are  stacked 
one  on  top  of  another,  until  the  kiln  is  filled. 

A  number  of  physical  and  chemical  changes  take 
place  in  the  firing  of  porcelain.  There  is  still  a  certain 
amount  of  water  held  mechanically  in  the  ware.  This 
is  first  baked  out.  During  this  period,  the  rate  of  heat- 
ing must  be  slow ;  otherwise,  the  water  quickly  turns  to 
steam  and  blows  the  ware  to  pieces.  The  next  thing 
to  escape  is  water  in  chemical  combination.  As  the 
temperature  continues  to  rise,  various  gases  are  given 
off  by  the  glaze  constituents.  It  is  only  after  these 
gases  are  driven  ofif  that  the  glaze  becomes  smooth. 

Finally,  the  white  hot  stage  is  entered.  The  feld- 
spar grains  soften  and  fuse  with  the  flint  and  clay. 
The  flint  grains  partly  dissolve  as  well  as  most  of  the 
clay  particles,  the  feldspar  acting  as  the  flux  or  solvent. 
The  feldspar  becomes  molten  and  the  clay  particles 
break  up  into  other  chemical  forms,  parts  of  which  are 
dissolved  in  the  feldspar.  Since  the  burn  is  not  carried 
to  a  high  enough  temperature  for  the  flint  to  dissolve 
completely  in  the  feldspar,  the  body  tends  to  remain 
more  open  and  porous  the  higher  the  flint  content.  With 
still  higher  temperatures,  entirely  different  character- 
istics might  result,  due  to  the  continued  solution  of  in- 
gredients and  change  of  chemical  form.  The  burning 
having  reached  the  necessary  high  temperature,  the  kiln 
is  allowed  to  cool  slowly.  Rapid  cooling  would  spoil 
the  ware,  since  internal  strains  would  be  set  up,  result- 
ing in  cracks  after  being  taken  from  the  kiln.  After 
drawing  from  the  kiln,  the  ware  is  ready  for  inspection. 
No  glaze  defects,  no  cracks  in  the  body,  no  over-fired 
nor  underfired  ware  is  tested  or  assembled.  Before  as- 
sembling, the  separate  parts  are  tested  electrically,  and 
after  assembling  the  whole  piece  is  tested.  It  is  then 
ready  for  shipment. 
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THE  ten  passenger  engines  which  the  Westinghouse 
Company  is  building  for  operation  on  the  elec- 
trified section  of  the  Chicago,  Milwaukee  &  St. 
Paul  Railway  embody  many  novel  features  not  existing 
in  the  present  engines.  They  are  the  most  powerful  lo- 
comotives in  passenger  service,  a  single  locomotive  hav- 
ing capacity  sufficient  to  haul  a  950-ton  train  (12 
coaches)  over  the  entire  mountain  section  at  the  same 
speeds  as  called  for  by  the  present  schedules.  The  rat- 
ing is  4000  horse-power  for  one  hour,  or  3200  horse- 
power in  continuous  operation,  with  a  starting  tractive 
effort  of  1 12  000  pounds.  The  speed  on  level  track  will 
be  about  56  miles  per  hour  and  about  25  miles  per  hoiu" 
on  the  two  percent  grades. 

One  interesting  characteristic  which  is  desirable  in 
passenger  service,  but  which  has  not  heretofore  been  at- 
tained vi-'ith  this  type  of  electric  locomotive,  except  at 
the  expense  of  heavy  rheostatic  losses,  is  flexibility  of 
running  speeds. 


and  geared  to  the  same  quill,  thereby  obtaining  the  ad- 
vantage of  better  commutating  characteristics  inherent 
with  low  voltage  motors. 

Low-Voltage  Auxiliaries — The  complication  and 
hazard  of  high-voltage  apparatus  is  minimized  on  these 
locomotives  by  the  use  of  low-voltage  auxiliaries.  The 
motor  of  the  motor-generator  set  used  for  train  light- 
ing and  charging  the  storage  battery  is  the  only  high- 
voltage  apparatus  among  the  auxiliaries.  The  result- 
ant simplification  secured  by  the  use  of  low-voltage  ap- 
pliances decreases  the  complications  of  installation, 
maintenance  and  operation.  Ordinary  inspection  can 
be  carried  on,  including  the  functioning  of  all  switches 
and  auxiliaries,  with  complete  absence  of  3000  volt 
power  inside  the  locomotive. 

Regeneration — The  use  of  regenerative  control  for 
holding  trains  when  descending  grades  is  such  an  im- 
portant function  in  these  locomotives  that  special  ar- 
rangements have  been  perfected  to  secure  positive  op- 


FIG.    I — THE   NEW   4OOO   HP   P.\SSENGER   LOCOMOTIVE  OF  THE  CHICAGO,   MILWAUKEE  &  ST.   PAUL  RAILWAY 


Speed  Regulation — These  engines  have  nine  run- 
ning positions  without  rheostatic  loss,  ranging  from  8 
to  56  miles  per  hour,  depending  on  the  load.  This  fea- 
ture affords  greater  flexibility  in  the  manipulation  of 
the  train  and  is  of  value  in  governing  the  power  load  of 
the  system  during  peak  load  conditions.  It  is  accom- 
plished by  using  six  1500  volt  twin  motors  on  the  loco- 
motive, arranged  for  three-speed  combinations  consist- 
ing of,— 

Position  I — One  set  of  six  motors  in  series. 

Position  2 — Two  sets  of  three  motors  in  series. 

Position  3 — Three  sets  of  two  motors  in  series. 

These  combinations  give  one-third,  two-thirds  and 
full  speed. 

Two  additional  running  speeds  are  obtained  on  each 
speed  combination  by  means  of  inductive  shunts  on  the 
main  motor  fields.  This  cuts  down  the  current  peaks, 
saves  rheostatic  losses  and  enables  the  power  demand 
over  varying  profiles  to  be  kept  more  nearly  constant. 

Twin  Motors — The  use  of  twin  motors,  as  shown 
in  Fig.  4,  with  quill  drive,  not  only  permits  the  most  ef- 
fective use  of  the  space  between  the  driving  wheels,  but 
also  the  use  of  two  armatures,  each  wound  for  750  volts 


eration  of  this  feature  over  widely  varying  speeds.  The 
same  main  motor  combinations  for  motoring  are  used 
for  regenerating  except  that  the  fields  of  the  main  mo- 
tors are  separately  excited  over  a  wide  range  by  axle- 
driven  generators.  These  are  so  connected  with  bal- 
ancing resistances,  that  inherent  stability  in  the  motor 
characteristics  during  regeneration  is  assured,  irrespec- 
tive of  whether  the  changes  in  line  voltage  are  sudden 
or  gradual. 

Axle-Driven  Generators — While  the  regenerative 
braking  of  trains  lessens  the  duty  on  the  air-brake  equip- 
ment, further  safety  in  braking  with  electric  engines  is 
introduced  with  the  axle  driven  generators.  These  ma- 
chines are  mounted  on  the  inside  axles  of  the  guiding 
trucks  of  the  locomotive  and,  in  addition  to  exciting  the 
motors  during  regeneration,  furnish  the  power  for  op- 
erating the  air  compressors  and  blower  motors  when 
the  locomotive  is  hauling.  This  method  insures  a  cur- 
rent supply  to  the  air  compressor  motors  irrespective  of 
the  overhead  trolley  supply,  and  the  train  can  be  taken 
down  the  heavy  grades  under  control  with  power  off 
the  line. 
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Train  Heating— Uent  must  be  assured  under  any 
conditions  of  failure  of  other  equipment  or  delays  to 
trains.  The  heating  plant  therefore,  is  entirely  inde- 
pendent of  the  electrification,  each  locomotive  being 
equipped  with  an  oil-fired  boiler,  designed  to  burn  crude 
oil.  Provision  is  made  for  a  storage  of  3600  gallons  of 
water  and  750  gallons  of  oil  in  each  engine. 


Center  of  Gravity — The  center  of  gravity  of  the 
main  running  gear,  including  motors,  will  be  41.5  inches 
above  the  rails  and  the  height  of  the  center  of  gravity  of 
the  complete  locomotive  will  be  63  inches  above  the  rail, 
while  the  non-spring  supported  weight  on  any  single 
driving  wheel  will  be  that  of  wheels,  axles  and  driving 
boxes  onlv. 


FIG.    2 — THE   ELECTRIFIED    SECTIONS    OF    THE    CHICAGO,    MILWAUKEE    &    ST.    PAUL  RAILWAY 


MECHANICAL  FEATURES 

Cab  and  Running  Gear — One  of  the  most  noticeable 
features  of  the  new  locomotive  is  the  concentration  of 
all  the  auxiliary  and  control  appaiatus  in  a  single  cab. 
This  emphasizes  the  modern  tendency  in  design  toward 
che  conservation  of  weight  and  space  for  a  maximum 
output  of  power.  The  cab  is  carried  on  two  main  run- 
ning gears,  each  having  a  four-wheel  guiding  truck, 
three  driving  axles  in  a  16  ft.  9  in.  rigid  wheel  base,  and 
a  two-wheel  trailing  truck.  It  thus  corresponds  to  two 
Pacific  type  running  gears  coupled  together  and  having 
two-wheel  trucks  on  the  adjacent  ends. 

The  main  running  gear  center  pins  are  located  mid- 
way between  the  first  and  second  driving  axles  of  each 
running  gear.     On  one  running  gear  the  center  pin  is 


FIG.    3 — PROFILE    FROM    HARLOWTON,    MONTANA   TO   THE   COAST 

designed  to  restrain  the  cab  both  longitudinally  and  lat- 
erally, while  on  the  other  running  gear  the  center  pin 
restrains  the  cab  only  in  the  lateral  direction,  permitting 
free  relative  longitudinal  movement.  This  arrangement 
of  rigid  and  floating  pins  relieves  the  cab  of  all  pulling 
and  bumping  strains,  due  to  the  train  load,  as  these  are 
taken  directly  through  the  running  gear  side  frames  and 
bumpers. 

The  driving  wheels  are  68  inches  in  diameter  and 
carry  55  000  pounds  per  axle.  The  guiding  trucks  have 
36  inch  wheels  and  the  two-wheel  trucks  each  have  a 
load  of  39000  pounds  at  the  rail,  with  approximately 
62000  pounds  distributed  on  each  of  the  four-wheel 
trucks.  The  complete  locomotive  with  a  total  length 
over  coupling  of  90  feet  will  weigh,  ready  for  service, 
266  tons,  with  an  adhesive  weight  of  330  000  pounds. 


Flexible  Drive — The  quill  drive  afliords  a  means  for 
permitting  a  motor  located  well  above  the  road  bed  to 
drive  an  axle  which,  with  its  wheels,  is  free  to  follow 
the  rail  independently.  It  is  evident  that  this  drive  se- 
cures all  the  advantages  of  a  flexible  gear  in  cushioning^ 
the  transmittal  of  torque  and  avoids  the  road  shock  far 
more  effectively  than  with  the  common  flexible  gear  con- 
struction and  mounting. 

Equalication — Each  main  running  gear  is  arranged 
with  a  three-point  equalization  with  the  single  point  to- 


ne.  4 — CROSS-SECTION    OF    A    TWIN    MOTOR    WITH    QUILL    DRIVE 

ward  the  end  of  the  locomotive,  in  accordance  with  ac- 
cepted steam  locomotive  practice.  The  four-wheel 
guiding  truck  center  pin  and  cross  equalized  leading  pair 
of  driving  wheels  are  equalized  together  on  the  longi- 
tudinal center  line  of  the  locon\otive.  This  arrange- 
ment combines  all  the  advantages  of  the  standard  front 
end  construction  of  the  "American"  and  "Consolida- 
tion" types  of  steam  locomotives.  The  two  remaining 
pairs  of  driving  wheels  and  the  two  trailing  wheels  of 
the  main  running  gear  are  side  equalized  together  again, 
following  accepted  steam  locomotive  practice. 
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A  point  of  interest  in  electric  locomotives,  without 
connected  wheels,  is  the  result  of  weight  transfer  due  to 
tractive  effort.  This  is  caused  by  the  drawbar  pull  be- 
ing exerted  at  the  coupler  height  which,  with  the  reac- 
tion at  the  rail,  tends  to  lift  the  leading  end  and  depress 
the  trailing  end.  This  changes  the  w^eight  distribution 
and  increases  the  tendenc)'  to  slip.     The  method  of 


equalization  described  reduces  the  weight  variation  on 
the  driving  wheels  to  only  six  percent  from  normal  when 
pulling  at  thirty  percent  adhesion.  The  careful  atten- 
tion given  to  the  details  of  desigo  and  operation  insures 
that  these  new  engines  will  mark  an  epoch  in  the  ad- 
vancement of  the  design  of  electric  locomotives  for 
steam  railroad  passenger  service. 
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THERE  are  two  principal  limitations  to  the  output 
of  direct-current  machines,  depending  upon 
whether  the  limitation  is  first  reached  in  heating 
or  in  commutating  capacity.  For  continuously  rated 
machines,  this  classification  is  usually  determined  on  the 
basis  of  speed;  low-speed  machines  being  invariably 
limited  in  continuous  capacity  by  heating,  while  high- 
speed machines  usually  find  their  limitation  in  commu- 
tating capacity.  In  this  latter  class  are  high-speed  mo- 
tor and  reduction-gear-driven  generators,  high-speed, 
low-voltage  electrolytic  generators,  and  similar  ma- 
chines. ]\Iachines  adapted  to  abnormal  duty  cycles  of 
high  peak  and  continuous  load  capacity  have  their  limit- 
ations fixed  by  the  relative  magnitude  of  these  two  fac- 
tors. Reversing  rolling  mill  motors  represent  a  type  re- 
quiring extreme  peak  load  capacities,  and  they  are 
usually  rated  in  terms  of  their  peak  load  capacities,  as 
fixed  by  commutation  limits,  the  temperature  limitation 
being  usually  well  above  the  required  continuous  ca- 
pacity. Non-reversing  units  may  have  relatively  lower 
peak  loads  and  higher  continuous  loads,  so  that  heating 
may  gradually  become  the  predominating  limitation  in 
this  case.  The  dividing  line  in  these  types  of  machines 
.is  usually  disassociated  from  speed  conditions,  and 
fixed  by  load  and  service  conditions. 

Even  though  the  "output  of  high-speed  machines 
may  be  limited  by  commutation,  this  does  not  neces- 
sarily imply  that  they  are  rated  with  less  margin  of 
safety  than  lower-speed  machines,  although  this  margin 
may  be  of  a  different  character.  High-speed  machines 
have  the  advantage  of  the  most  favorable  electric  and 
magnetic  design  proportions,  the  best  grades  of  ma- 
terials and  the  most  accurate  adjustments.  Direct-cur- 
rent machines  are  built  to  commutate  satisfactorily  at 
definite  maximum  ratings,  which  are  the  bases  of  guar- 
antees. The  relation  of  this  maximum  rating  to  the  nor- 
mal load  rating  is  different  for  different  types  of  ser- 
vice, and  is  a  partial  measure  of  a  machine's  margin  in 
operation.  For  instance,  gear-driven  sets  carry  25  per- 
cent overload  for  two  hours,  motor-driven  sets  50  per- 
cent for  two  hours,  railway  type  generators  carry  from 
100  to  200  percent  overload  for  a  few  minutes,  while 
mill  motors  carry  peaks  of  four  to  six  times  full-load  at 
definite  short  intervals.  When  it  is  stated  that  a  ma- 
chine's output  is  limited  by  commutation,  it  is  evident 
'that  this  limitation  is  first  encountered  at  its  maximum 


F.  T.  Hague 

loads,  and  may  be  practically  no  indication  of  the  ma- 
chine's ability  to  carry  its  normal  load  with  satisfactory 
commutation.  Any  high-speed  machine,  regardless  of 
all  other  meritorious  features  it  may  possess,  must  have 
its  rating  determined  by  its  ability  to  commutate  suc- 
cessfully. High  efficiency,  low  temperature  rise,  and 
low  first  cost,  are  important  factors  but  they  cannot 
outweigh  bad  operation  at  the  commutator. 

Since  commutator  operation  must  be  a  criterion  of 
rating  of  large  high-speed  machines,  any  method  of  de- 
termining the  maximum  capacity,  which  it  is  possible  to 
build  at  any  given  speed,  must  be  predicated  upon  cer- 
tain assumed  design  and  operating  limitations.  These 
limitations  are  fixed  by  commutating  conditions,  and 
are  true  limitations  only  to  the  extent  that  they  are 
fixed  in  conformity  with  the  experience  acquired 
through  the  building,  testing  and  operation  of  many  ma- 
chines in  various  classes  of  service  over  a  long  period 
of  years.  Improvements  in  mechanical  and  electrical 
designs,  development  of  new  manufacturing  processes, 
improvements  in  grades  of  materials,  etc.,  are  vital  fac- 
tors, constantly  tending  toward  the  extension  of  these  ' 
various  limitations,  so  that  they  are  not  permanently 
fixed.  Thus  some  of  the  limitations  in  present  practice 
differ  radically  from  those  of  ten  years  ago,  and  it  is  to 
be  expected  that,  as  improvements  demonstrate  their 
efficiency  and  become  incorporated  in  designs  (as  com- 
mutating poles  have  done  in  all  classes  of  power  ma- 
chines, and  as  compensating  pole  face  windings  are  do- 
ing in  certain  special  lines  of  machines),  still  further 
and  perhaps  more  radical  improvements  and  extensions 
will  be  made. 

An  evident  condition  is  that  any  one  arbitrary  set 
of  limitations  cannot  be  equally  applicable  to  all  high- 
speed machines  of  various  voltage  classes  and  different 
service  applications.  In  each  particular  voltage  class, 
and  in  each  type  of  service  application,  there  are  a  few 
special  limitations  which  are  of  fundamental  impor- 
tance. For  instance,  in  250  volt  machines,  flashing 
practically  takes  care  of  itself,  and  the  principal  prob- 
lems are  commutation,  brush  rigging  and  mechanical 
commutator  design  suitable  for  handling  the  large  cur- 
rents involved.  In  the  600  volt  class  machines,  all  de- 
sign limitations  are  met  under  favorable  conditions 
and  there  is  no  ore  all  important  limitation.  This  favor- 
able condition  permits  the  building  of  the  largest  possi- 
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ble  ratings  at  any  given  speed  on  machines  of  this  voltage 
class.  High- voltage  machines  of  1200  to  1500  volts  for 
railway  service  must  be  constructed  primarily  to  mini- 
mize the  possibility  of  flashing  and  resultant  damage, 
and  at  the  sjime  time  have  the  abnormally  large  over- 
load capacities  required  for  this  class  of  service.  Re- 
versing- mill  motors  must  carry  the  peak  currents  neces- 


standard.  Fortunately,  tlie  mechanical  construction  of 
the  major  parts  of  high-speed  machines  bear  consider- 
able resemblance,  and  it  is  only  in  commutator  design 
that  there  has  been  any  great  divergence  in  methods  of 
construction.  This  condition  is  brought  about  by  the 
fact  that  commutator  mechanical  construction  has  been 
a  positive  limitation  of  output  in  both  low  and  high- 


sar>-  to  produce  the  maximum  motor  torques  required,     voltage  machines.  In  low-voltage  machines,  the  permis- 
and  their  limitations  are  concerned  with  the  commuta       -'^^"         -•^••<-<-^-  1-     <i-    r.^n^t,,-,i -.r      vac  q  m:ir 


tion  of  peak  loads  of  rapidly  changing  magnitude  and 
the  mechanical  limitations  incident  to  sudden  accelera- 
tion and  retardation  incidental  to  reversing  service. 

Any  analysis  of  the  factors  which  limit  capacity 
must  necessarily  be  based  upon  up-to-date  types  of  ap 


sible  commutator  length  practically  fixes  a  machine's 
cost,  while  on  high-voltage  machines  the  maximum 
commutator  diameter  and  peripheral  speed  are  direct 
limitations  of  the  maximum  voltage  and  output. 

COMJIUTATOR    CONSTRUCTION 

Three  general  types  of  construction  have  been  de- 


proved  constructions,  both  mechanical  and  electrical,      veloped  for  the  building  of  high-speed  commutators  of 


For    instance,    no    large    capacity,    high-speed     design 
would  be  considered  that  does  not  employ  commutating 
poles.     Compensating  pole  face  windings  have  amply 
proven  their  necessity  on  certain  classes  of  machines, 
such  as  high-voltage  railway  generators,  large  reversing 
mill  motors,  etc.    The 
type     of    armature 
winding     employed 
very  materially  affects 

the  commutation  lim-  4^; 

its,  particularly  o  n 
low  and  medium  volt- 
age machines  of  about 
250  volts,  such  as  are 
used  in  electrolytic 
work  and  for  th  •  sup- 
ply of  small  power 
motors  in  steel  mills. 
Large  capacity  gener- 
ators practically  with- 
out exception  employ 
multiple  windings 
having  one  turn  per 
commutator  bar.  It 
is  known  that  types  of  '"•■   i— uirect-ci-rrunt   reversing  blooming  mill  motor 

windings  having  the  equivalent  of  one-half  turn  per 
commutator  bar  will  ver}'  greatly  extend  commu- 
tation limits.  Any  type  of  winding  which  will 
double  the  number  of  commutator  bars  in  an  or- 
dinary multiple  winding,  without  increasing  the 
number  of  series  conductors,  would  correspondingly 
allow  the  number  of  series  conductors  to  be  re- 
duced 50  percent  and  still  satisfy  flashing  conditions. 
As  commutation  is  improved  directly  as  the  series  con- 
ductors per  pole  are  decreased  such  a  type  of  winding 
would  evidently  very  materially  extend  some  of  the 
generally  accepted  commutating  limitations  of  low-volt- 
age machines,  "and  permit  higher  outputs  and  higher 
speeds.  Such  windings  have,  up  to  the  present,  been 
uncommercial,  solely  because  of  excessive  cost  of  man- 
ufacture. The  improvements  possible  with  these  types 
must  necessarily  be  left  for  future  developments. 


the  unusual  face  length  required  for  low-voltage  ma- 
chines. The  face  lengtli  of  a  commutator  is  limited  by 
its  peripheral  speed  and  the  longer  the  face  length  the 
more  difficult  it  is  to  keep  true.  The  permissible  face 
length,  as  limited  by  mechanical  constructions,  has  been 

gradually     increasing 


In  a  similar  manner,  only  types  of  mechanical  con- 
struction   need  be  considered  which  are  recognized    as 


as  such  constructions 
have  been  improved, 
and   still   further  im- 
provement is  logically 
to  be  expected.  When 
it    is  considered  that 
the    deflection    of     a 
commutator    bar    in- 
creases   very    dispro- 
portionately   as   the 
face  length  is  increas- 
ed, it  is  evident  that 
there  is  a  definite  me- 
■       chanical  limitation  to 
its   length.      Practic- 
ally   all  commutators 
which  do  not  involve 
unusual    design    feat- 
ures ,    employ   the 
standard   two    V-ring    method    of  support,    because   it 
permits    adjustment    and   tightening   as    the    commu- 
tator bars  take  their  final  set  under  actual  operating 
conditions.      Another    point   of    equal    importance   is 
the  facility  with  which   repairs  may  be  made  with  the 
V  ring  type. 

Commutators  of  the  length  required  for  low-volt- 
age machines  may  be  provided  for  by  the  addition  of  an 
auxiliary  supporting  V-ring  having  separate  means  of 
adjustment  and  tightening.  This  three  V-ring  type  of 
construction  embodies  all  the  advantages  of  the  stand- 
ard two  V-type,  and  is  not  materially  more  expensive, 
because  of  the  saving  in  materials  which  it  effects. 
The  question  of  whether  a  commutator  should  be  built 
with  two  or  three  V-rings  depends  entirely  upon  which 
method  of  construction  will  be  more  economical  for  the 
building  of  an  equally  good  commutator.  Usually  with 
peripheral  speeds  around  4000  feet  per  minute  face 
lengths  up  to   24  inches   are   possible    with   the   two-V 
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method  of  construction.  Beyond  these  hmits,  the  three- 
V  type  becomes  necessary. 

European  practice,  where  exceptional  commutator 
face  lengths  are  required,  has  favored  the  use  of  two  or 
three  independent  commutators  mounted  side  by  side, 
and  working  in  parallel.  This  practice  has  not  gained 
favor  in  this  country  because  commutator  mechanical 
conditions  may  be  amply  provided  for  by  our  present 
methods  and  because  with  two  or  three  commutators 
side  by  side  the  division  of  load  between  them  is  af- 
fected by  surface  conditions  and  the  inside  V-rings  are 
inaccessible  for  repairing  and  tightening. 

The  shrink  ring  method  of  construction  has  been 
practically  the  only  satisfactory  method  of  support  for 
the  commutators  of  small  machines  which  run  at  tur- 
bine speeds.  "It  has  certain  theoretical  advantages  on 
excessively    high-speed    commutators,    because    of    the 
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brushes  to  jimip  at  high  peripheral  speeds  and  the 
larger  the  commutator  diameter  with  a  given  peripheral 
speed,  the  less  is  this  tendency.  Good  practice  in  the 
last  few  years  has  considered  that  commutator  peri- 
pheral speeds  of  5000  to  6000  feet  per  minute  are  suffi- 
ciently high  to  meet  present  day  requirements. 

MAXIMUM   VOLTAGES 

The  maximum  voltage  for  which  a  single  direct- 
current  machine  may  be  built,  at  any  given  speed,  is 
fixed  by  the  space  available  for  commutator  bars  be- 
tween brush  arms.  The  commutator  space  available  is 
directly  dependent  upon  the  commutator  diameter 
selected,  and  this  in  tvtrn  is  limited  both  electrically  and 
mechanically  by  the  conditions  governing  peripheral 
speed.  The  peripheral  speed  of  any  commutator  in  feet 
per  minute  may  be  expressed  as  the  distance  in  feet  be- 
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space  position  occupied  by  the  supporting  rings,  but 
when  applied  to  long  commutator  machines,  it  neces- 
sarily increases  their  face  length.  Among  the  chief  ob- 
jections to  this  type  of  construction  are  the  absence  of 
suitable  means  of  adjustment  or  tightening  as  the  com- 
mutator ages,  and  the  lack  of  any  provisions  for  mak- 
ing repairs  .short  of  disassembling  the  commutator. 

As  regards  operation,  the  higher  the  commutator 
speed,  the  more  difficult  it  is  to  maintain  good  contact 
between  the  brushes  and  the  commutator  face.  This  is 
not  merely  a  function  of  speed,  but  rather  of  commuta- 
tor diameter  and  speed  combined.  Apparently,  it  is 
easier  to  maintain  good  brush  contact  at  5000  feet  per 
mintite  with  a  commutator  50  inches  in  diameter  than 
with  one  of  ten  inches  in  diameter.  Very  slight  irregu- 
larities   of    the    commutator    surface    will    cause    the 


tween  brush  arms,  multiplied  by  120  times  the  armature 
frequency  in  cycles  per  second.  In  other  words,  a  25- 
cycle  armature  can  have  2.4  times  as  great  distance  be- 
tween brush  arms,  for  a  given  peripheral  speed,  as  a 
60-cycle  armature.  From  these  conditions,  the  maxi- 
mum voltage  for  which  a  single  machine  may  be  built  is 
inversely  proportional  to  its  armature  frequency.  For  a 
given  speed,  high-voltage  machines  must  necessarily 
have  fewer  poles  than  moderate  voltage  machines,  in 
order  to  obtain  the  necessary  brush  arm'  spacing,  and 
this  is  the  fundamental  limitation  which  makes  it  im- 
possible to  incorporate  as  large  a  kilowatt  capacity  in  a 
single  high-voltage  machine  at  a  given  speed,  as  in  a 
moderate  voltage  machine.  At  the  present  time  lOOO 
volts  per  single  commutator  is  approximately  the  maxi- 
mum which  may  be  built  without  a  material  reduction 
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in  the  permissible  kilowatt  output  at  a  given  speed. 
For  this  reason,  single  units  of  greater  than  1500  volts 
are  practically  never  considered  for  any  large  capacity 
installation,  it  always  being  more  satisfactory  and 
economical  to  use  two  smaller  capacity  and  higher 
speed  machines  in  series. 

VOLTAGE  PER  BAR 

The  permissible  maximum  voltage  between  brush 
arms  is  a  criterion  of  flashing,  and  is  limited  by  the 
maximum  voltage  between  adjacent  commutator  bars, 
and  by  the  permissible  voltage  per  inch  circumference 
of  commutator.  Under  steady  load  conditions  commu- 
tation is  improved  as  the  number  of  commutator  bars 
per  pole  is  reduced,  or  as  the  maximum  voltage  per  bar 
is  increased.  This  possibility  of  improvement  in  oper- 
ation is  the  incentive  for  seeking  types  of  constructions 
and  types  of  windings  which  will  permit  reductions  in 
the  number  of  commutator  bars  required  for  a  given 
voltage.  On  the  other  hand,  the  probability  of  flashing 
is  largely  increased  if  the  maximum  voltage  per  bar  ex- 
ceeds definite  narrow  limits  for  each  class  of  machines. 
Line  voltage  exists  across  the  commutator  face  between 
adjacent  brush  arms,  and  this  voltage  is  split  up  into  as 
many  sections  as  there  are  commutator  bars  per  pole, 
being  distributed  between  these  bars  in  proportion  to 
the  main  field  fluxes  which  the  coils  connected  to  them 
are  cutting.  The  mechanical  separation  between  adja- 
cent bars  is  usually  30  to  40  mils,  so  it  might  be  inferred 
from  the  sparking  voltage  required  to  jump  this  dis- 
tance in  air,  that  potentials  of  several  hundred  volts 
might  be  permissible  between  adjacent  bars.  However, 
experience  has  proven  that  voltages  in  the  neighbor- 
hood of  30  volts  are  the  maximum  for  large  "machines. 
In  small  machines,  the  voltage  per  bar  may  be  consider- 
ably increased,  because  the  higher  resistance  and  react- 
ance of  a  short-circuited  coil  tend  to  limit  the  voltage 
while  maintaining  the  arc,  and  the  short-circuit  current 
will  not  rise  to  a  damaging  value.  It  appears  that  there 
is  a  critical  relationship  on  large  capacity  machines  be- 
tween the  maximum  permissible  voltage  per  bar  and  the 
minimum  voltage  which  will  maintain  an  arc  in  air. 

Assuming  a  conservative  maximum  voltage  be- 
tween bars  of  30  volts,  and  a  field  form  distribution 
factor  of  68  percent,  the  average  voltage  per  commuta- 
tor bar  on  a  compensated  machine  should  not  exceed 
30  X  0.68  =  20  volts  per  bar.  For  non-compensated 
machines,  the  field  flux  becomes  distorted  by  load  re- 
actions, so  that  the  maximum  voltage  per  bar  is  liable 
to  be  increased  as  much  as  30  percent  under  load  condi- 
tions. For  non-compensated  machines,  average  voltages 
per  bar  of  20  -^  1.3  =16  is  an  approximate  value  which 
cannot  safely  be  exceeded  on  large  capacity  machines, 
except  where  special  precautions  are  taken. 

While  the  maximum  voltage  per  bar  causes  flash- 
ing, specifications  almost  invariably  refer  to  the  aver- 
age voltage  per  bar;  it  is,  therefore,  important  that  the 
relationship  between  average  and  maximum  be  clearly 
understood.  Compensated  machines  may  have  a  higher 
average  voltage  per  bar,  but  no  higher  maximum  volt- 


age per  bar  than  non-compensated  machines.  Compen- 
sating windings,  by  eliminating  load  distortions  except 
between  compensating  slots,  allow  the  use  of  a  higher 
field  form  distribution  factor.  These  factors  combine 
to  allow  compensated  machines  to  have  from  25  to  30 
percent  higher  average  voltage  per  commutator  bar 
than  non-compensated  machines,  and  make  the  use  of 
this  type  of  machine  imperative  where  unusual  voltage 
and  over-load  conditions  are  encountered. 

FLASHING 

The  likelihood  of  flashing  in  direct-current  ma- 
chines is  fundamentally  dependent  upon  the  relation- 
ship between  voltage  and  distance.  An  incipient  arc 
between  adjacent  commutator  bars  may  shoot  out  con- 
ducting copper  vapor,  bridging  across  a  number  of  com- 
mutator bars  having  a  high  total  difference  of  potential 
across  them.  For  example,  consider  a  high  voltage  ma- 
chine where  the  commutator  bars  are  as  thin  as  me- 
chanically possible,  and  the  voltage  between  bars  as 
high  as  is  considered  safe.  Assuming  a  thickness  of  bar 
and  mica  of  0.20  inch,  (5  bars  per  inch)  and  a  maxi- 
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mum  voltage  per  bar  of  25  volts,  there  is  a  voltage  of 
125  volts  per  inch  circumference  of  the  commutator. 
In  such  a  case,  a  small  arc  may  result  in  a  serious  flash, 
due  to  the  conducting  vapor  bridging  a  comparatively 
high  voltage.  Accordingly,  when  determining  the  per- 
missible maximum  voltage  per  bar,  the  voltage  per  inch 
circumference  of  the  commutator  must  be  taken  into 
consideration.  An  average  distance  of  one  inch  between 
brush  arms  measured  along  the  commutator  periphery 
may  be  assumed  as  a  conservative  limit  for  every  75  to 
100  terminal  volts,  for  high-voltage  machines.  How- 
ever, difficulties  from  this  cause  have  not  yet  become 
serious,  possibly  because  no  one  has  yet  carried  such 
constructions  to  the  extreme  in  commercial  work. 

MAXIMUM    CURRENT 

The  maximum  current  for  which  a  single  direct- 
current  machine  of  low  voltage  and  kilowatts  may  be 
built,  at  a  given  speed,  is  generally  fixed  by  cost  con- 
siderations primarily  and  electrical  limitations  second- 
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yrily.  There  is  a  demand  for  very  low- voltage  machines 
of  abnormally  high  currents  for  electrolytic  service, 
and  the  fact  that  they  are  never  built  in  a  single  unit  is, 
in  itself,  a  proof  that  they  are  not  commercial.  The  rea- 
sons for  this  condition  are  closely  interwoven  with  some 
of  the  previously  explained  conditions.  The  maximum 
current  of  a  machine  is  the  product  of  the  current 
per  brush  arm  multiplied  by  the  number  of  pairs 
of  poles.  Assuming  a  limiting  current  per  brush 
arm,  the  maximunr  current  output  is  limited  by 
the  permissible  number  of  poles.  On  low-voltage 
machines,  there  is  a  minimum  pole  pitch  below  which  i\ 
good  commutating  machine  cannot  be  built,  and  this,  in 
turn,  requires  that  large  current  machines  be  built  with 
abnormally  large  diameters,  compared  to  the  require- 
ments of  their  rating,  resulting  in  an  unbalanced  and 
very  uneconomical  machine.  It  usually  turns  out  that 
where  the  total  capacity  involved  is  relatively  small, 
two  machines  may  be  built  more  economically  and  with 
a  greater  margin  of  operating  safety  than  one  very 
large  machine.  Where  the  kilowatt  capacity  involved  is 
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large,  as,  for  instance,  with  the  water-wheel  driven  ma- 
chines used  for  the  precipitation  of  aluminum,  the 
maximum  current  output  for  a  given  speed  is  not  de- 
termined by  economical  conditions,  but  by  electrical 
commutation  limits. 

There  is  a  practical  mechanical  limit  to  the  maxi- 
mum current  per  brush  arm,  as  fixed  by  the  permissible 
current  density  in  the  brushes  and  the  permissible 
length  of  commutator  face.  The  maximum  length  be- 
ing mechanically  determined  for  any  given  case,  the  cir- 
cumferential thickness  of  the  brushes  being  fixed  by  the 
limits  of  the  armature  coil  reactance  voltage,  and  the 
current  density  in  the  brushes  being  fixed  by  limits  of 
brush  and  commutator  wear,  it  follows  that  the  maxi- 
mum current  per  brush  arm  must  fall  within  well  de- 
fined limits  for  the  present  methods  of  mechanical  con- 
struction. 

With  very  large  currents  per  brush  arm  there  may 
be  difficulty  in  obtaining  equal  divisionof  current  among 
all  of  the  various  brushes  per  arm.  The  possibility  of 
selective  commutation  is  increased  and,  if  this  greater 


current  per  arm  is  obtained  by  the  use  of  thicker 
brushes,  rather  than  by  greater  length  of  commutator 
face,  the  result  to  some  extent  is  equivalent  to  working 
a  machine  harder  or  nearer  its  limit.  However,  if  the 
commutating  conditions  are  such  that  a  1.25  in.  brush 
has  the  same  true  current  density  as  a  0.75  in.  brush 
normally  has,  that  is,  the  true  density  which  includes  all 
local  currents  and  unbalancing  of  current  between 
brush  arms  then,  with  equally  well  proportioned  com- 
mutating poles,  there  should  be  no  essential  difference 
in  operation  between  different  widths  of  brush.  Experi- 
ence has  amply  proven  the  desirability  of  applying  large 
size  brushes  in  their  logical  field  of  application. 

BRUSH   WIDTH 

The  circumferential  thickness  of  the  brushes  is 
fixed  by  the  limits  of  the  inherent  short-circuit  e.m.f. 
per  brush,  and  the  width  of  the  commutating  zone.  On 
medium  capacity,  low-voltage  machines,  where  commu- 
tating conditions  are  favorable,  the  permissible  brush 
width  is  usually  determined  by  the  space  available  be- 
tween the  main  poles  in  which  those  coils  lie  which  are 
undergoing  commutation.  The  danger  in  attempting  to 
use  too  wide  a  brush  and  too  wide  a  zone  of  commu- 
tation, is  that  the  coils  will  approach  too  near  the  main 
field  poles,  while  still  under  short-circuit  by  a  brush, 
and  have  excessive  voltages  and  local  currents  gen- 
erated in  them.  Under  average  conditions,  on  low-volt- 
age machines,  the  use  of  a  wide  brush  is  usually  desir- 
able, and  it  is  common  practice  to  find  brushes  1.25 
inches  thick  on  machines  of  the  250  volt  class. 

It  is  generally  the  case  in  large  capacity  machines 
of  moderate  voltage  that  the  number  of  bars  which  a 
brush  may  span,  without  having  the  sum  of  the  inherent 
short-circuit  e.m.f.'s  add  up  to  an  excessive  value,  will 
determine  the  permissible  brush  width.  In  this  case, 
the  brush  width  depends  largely  upon  the  width  of  the 
individual  commutator  bars.  Individual  bars  may  be 
made  wider  only  by  increasing  the  commutator  dia- 
meter and  peripheral  speed.  Thus  the  brush  width  is 
dependent  to  some  extent  on  the  armature  frequency 
for  which  the  machine  is  built.  In  consequence  of  the 
wider  bar  width  obtainable,  fewer  bars  will  be  short- 
circuited  on  a  low  frequency  machine  than  on  a  higher 
frequency  one  and  in  general,  somewhat  thicker 
brushes  are  permissible  for  given  inherent  short-cir- 
cuit limits.  This,  in  turn,  allows  more  current  per  brush, 
so  that  the  permissible  current  per  brush  arm  generally 
increases  as  the  machine  voltage  is  decreased. 

BRUSH  CURRENT  DENSITY 

The  permissible  brush  current  density  has  an  im- 
portant bearing  in  determining  the  limiting  current  per 
brush  arm.  Brush  densities  on  correctly  proportioned 
machines  may  now  be  materially  higher  than  the  low 
.densities  found  necessary  on  machines  built  before  the 
advent  of  commutating  poles.  These  higher  densities 
are  possible,  because  of  the  elimination  of  local  cur- 
rents. In  commutating-pole  machines,  the  current  dis- 
tribution at  the  brush  face  is  nearly  uniform  under  all 
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loads,  but  is  not  exactly  uniform  even  in  the  best  ma- 
chines. Variations  from  uniformity,  while  possibly  as 
much  as  50  percent  in  good  machines,  are  yet  very 
small  compared  with  the  variations  in  some  of  the  old 
non-commutating  pole  machines.  In  consequence,  it  has 
been  possible  to  increase  the  apparent  current  densities 
in  the  brushes  of  modern  machines  considerably  above 
former  practice.  In  many  of  the  old  machines,  an  ap- 
parent density  of  40  amperes  per  square  inch  at  normal 
loads  was  considered  high,  while  at  the  present  time, 
with  well  proportioned  comrautating  poles,  50  percent 
higher  densities  are  not  uncommon  and  the  commuta- 
tion is  considerably  improved.  High-grade  brushes 
with  perfectly  uniform  distribution  of  current  at  the 
brush  face  can  carry  still  higher  currents  without 
any  impairment  of  the  operating  margin,  so  that  the 
actual  upper  limit  of  brush  capacity  has  not  yet  been  at- 
tained. 

DIVISION   OF  CURRENT  BETWEEN   BRUSHES 

Unequal  division  of  current  between  brushes  on 
the  same  brush  arm  is  to  some  extent  influenced  by  the 
total  current  per  arm.  Where  there  are  many  brushes 
in  parallel,  and  the  total  current  is  large,  one  brush  may 
take  excessive  current,  without  materially  decreasing 
the  current  carried  by  the  other  brushes.  In  the  same 
way,  the  division  of  current  among  the  brush  arms  of 
the  same  polarity  is  not  always  satisfactory.  For  in- 
stance, a  variation  of  25  percent  between  brush  arms  is 
not  unusual,  and  a  number  of  instances  have  been  noted 
on  satisfactorily  operating  machines,  where  the  varia- 
tion has  been  as  much  as  50  percent.  Obviously,  with 
such  possible  variations,  it  is  not  practicable  to  work 
brushes  up  to  their  maximum  density,  since  some  mar- 
gin must  be  left  for  such  possible  unbalancing.  Tho- 
rough cross-connection  of  brush  arms  by  means  of 
cross-connections  of  graded  copper  section  and  the  use 
of  cast-iron  brushholder  brackets  of  properly  graded 
current-carrying  sections  have  materially  increased  the 
limiting  current  per  arm. 

QUALITY  OF  BRUSHES 

Brush  quality  has  also  kept  pace  in  improvement 
with  commutating  conditions.  Present  grades  of 
graphitic  brushes  suitable  for  use  on  undercut  commu- 
tators are  ver\'  materially  better  than  older  grades. 
This  condition  is  particularly  true  of  certain  grades  of 
imported  brushes,  although  domestic  grades  of  brushes 
have  also  shown  marked  improvement  in  quality.  On 
the  basis  of  one  inch  wide  brushes  and  a  current  dens- 
ity of  50  to  60  amperes  per  square  inch,  a  normal  cur- 
rent of  1200  tr  1500  amperes  per  brush  arm  is  satisfac- 
tory on  machines  designed  to  carry  50  percent  overload 
for  short  periods,  such  as  two  hours.  Where  commuta- 
ting conditions  permit  the  use  of  wider  brushes,  the 
current  per  brush  arm  may  be  correspondingly  in- 
creased, without  impairing  the  machine's  operating 
margin. 

ARMATURE  REACTANCE  VOLTAGE 

When  the  limitation  of  output  of  a  machine  is  due 
to  commutation,  the  armature  coil  reactance  voltage 


practically  becomes  the  ultimate  criterion  of  rating. 
The  fundamental  principle  covering  the  relationship  be- 
tween commutation  and  reactance  voltage  may  be 
briefly  stated,  as  follows: —  In  the  ordinaiy  commuta- 
ting machine,  the  armature  v/inding,  when  c;irrying  cur- 
rent, sets  up  local  magnetic  fields  or  lluxes  across  which 
tlie  armature  conductors  cut  during  the  commutating 
period,  and  thus  generate  e.m.f.'s,  just  as  when  they  cut 
across  the  main  field  fluxes.  These  local  fields,  due  to 
the  armature  current,  have  peak  values  at  those  points 
on  the  armature  core  where  the  coils  which  are  being 
commutated  lie.  The  coils  which  are  thus  short-cir- 
cuited, have  voltages  generated  in  them,  which  the  car- 
bon brushes  short-circuit.  There  is  a  certain  short-cir- 
cuit voltage  per  armature  coil,  for  each  value  of  cur- 
rent, which  may  be  called  the  inherent  short-circuit 
e.m.f.  per  bar,  or  briefly,  the  reactance  voltage.  This 
reactance  voltage  is  the  basic  cause  of  sparking  at  the 
brushes.  In  general  terms,  it  is  proportional  to, — 

Kw  X  r-p.m.  X  Comm.  bars  iPole  pitch  +  Core  length  X  Slot 

proportions'^ 

From  this  it  is  evident  .that  reactance  voltage  is 
directly  proportional  to  the  kilowatt  output,  and  to  the 
number  of  commutator  bars  per  pole  for  a  given  speed. 


FIG.    5—1000   KW,  600  VOLT,  900  R.    V.    M.    MOTOR-GENERATOR 
SET 

From  his  relationship,  the  general  rule  may  be  deduced 
that  "The  product  of  kw  and  r.  p.  m.  is  a  constant  on 
the  basis  of  comparative  commutation  for  machines  of 
any  given  voltage  or  service  class."  Thus  it  is  as 
feasible  to  build  for  1250  kw  at  900  r.  p.  m., 
as  to  build  3750  kw  at  300  r.  p.  m.  This  rela- 
tionship is  frequently  overlooked  when  considering  the 
possibilities  of  various  classes  of  machines  for  large 
outputs  at  high  speeds. 

NUMBER  OF  POLES 

The  number  of  poles  has  an  influence  on  maximum 
capacity,  because  of  its  relation  to  reactance  voltage. 
It  is  erroneous  to  assume  that  the  difficulties  of  commu- 
tation increase  directly  as  the  number  of  poles  is  de- 
creased on  a  given  machine.  This  statement  is  only  true 
where  the  change  in  poles  increases  the  amperes  per 
brush  arm  beyond  a  value  for  which  a  good  mechanical 
design  of  commutator  and  brush  rigging  is  practicable. 
Present  methods  of  construction  enable  commutators  to 
be  built  which  are  satisfactory  mechanically  for  carry- 
ing large  currents  per  brush  arm,  so  rj  at  many  250  volt 
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machines  are  now  built  with  the  same  number  of  poles 
as  the  same  kilowatt  machine  would  have  on  600  volts. 
For  example : — 

Detail  slot  dimensions  influence  reactance  voltage 
because  parts  of  the  armature  coils  are  imbedded  in 
slots.  Wide  shallow  slots  are  recognized  as  favorable  to 
commutation.  However,  slot  dimensions  must  be  de- 
termined by  the  current  to  be  carried  in  the  slot  in  con- 
junction with  the  permissible  temperature  rise.  Aver- 
age slot  widths  are  usually  limited  to  about  five-eighths 
inch  because  of  iron  and  pole  face  losses  incident  to 
too  wide  slots.  On  high  frequency  machines,  deep  slots 
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FIG.   6 — UMITING       CAPACITY      OF      COMPENSATED      DIRECT-CURRENT 
■      GENERATORS 

are  nearly  always  associated  with  high  eddy  current 
losses  in  the  windings.  The  logical  field  for  deep  slots  is 
in  low-speed  machines  where  commutating  conditions 
are  very  favorable.  As  a  rule,  wide  shallow  slots  favor 
good  commutation,  while  deep  slots  tend  toward  econ- 
omy and  high  efficiency,  but  are  unfavorable  to  commu- 


tation, and  may  be  the  cause  of  excessive  load  losses  if 
used  at  high  speed. 

KW  RATING  VS  SPEKU 

To  convey  some  approximate  idea  of  the  maximum 
normal  ratings  which  are  considered  good  practice  at 
present,  the  curves  in  Fig.  6  are  given  to  show  the  rela- 
tion between  kilowatts  rating  and  speed.  The  basis  on 
which  these  curves  have  been  made  up  depends  upon  the 
setting  of  rather  arbitrary'  limits,  as  previously  stated. 
These  are  not  fixed  quantities,  as  each  designer  will  set 
limits  depending  upon  the  experience  he  has  had  with 
the  various  classes  of  machines.  The  curves,  however, 
show  the  general  relationship  between  permissible  out- 
puts at  the  various  conventional  speeds  and  voltages.  As 
these  curves  represent  so-called  limits,  it  is  to  be  ex- 
pected that  most  commercial  machines  will  fall  within 
them,  and  the  extent  to  which  a  machine  falls  within 
these  curves  will  represent  in  a  measure  the  ease  with 
which  the  machine  may  be  designed  and  the  margin 
which  it  may  be  expected  to  have  in  operation.  It  will  be 
observed  in  these  curves  that  the  product  of  kw  and 
r.p.m.  is  a  constant  for  machines  of  each  voltage  class. 
The  fundamental  relationship  embodied  in  these  simple 
curves  affords  a  reliable  basis  for  considering  the  pos- 
sible capacities  at  various  speeds  and  voltages.  They 
m.ust  necessarily  show  the  handicaps  of  machine  ca- 
pacity which  are  present  with  both  very  high  and  very 
low  voltage  installations  and  emphasize  the  fact  that 
machines  of  the  moderate  voltage  class  are  most  suited, 
from  the  economical  standpoint,  for  high  capacity  in- 
stallations. 
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VOLTAGE  or  other  constant  potential  transfor- 
mers are  operated  with  the  primary-  winding  in 
parallel  with  the  power  line  and  substantially  con- 
stant voltage  is  thereby  maintained  on  the  secondary 
terminals.  If  the  secondary  terminals  are  connected  to- 
gether an  excessively  high  current  will  flow  in  both  the 
primary  and  secondary  windings.  A  current  trans- 
former, on  the  other  hand,  is  connected  with  its  pri- 
mary* winding  in  series  with  the  power  line  and  if  the 
secondary  terminals  be  short-circuited  the  maximum 
current  that  can  flow  in  the  secondary  is  the  current 
flowing  in  the  power  supply  line  multiplied  by  ratio  of 
turns  of  the  primaiy  and  secondary  windings.  If  the 
secondary  circuit  becomes  open  circuited,  the  current 
flowing  through  the  primary  winding  will  cause  the 
iron  to  become  saturated,  thereby  producing  very  high 
voltage  of  peculiar  wave  form  in  the  windings,  which 
may  injure  the  transformer. 


The  operation  of  a  current  transformer  can  best 
be  explained  by  reference  to  a  vector  diagram.  The 
current  h  in  Fig.  i  is  the  current  flowing  in  the  power 
line  and  is  determined  by  the  load  connected  to  that  line 
and  is  in  no  way  determined  by  the  current  transformer. 
The  secondary  current  h  is  a  function  of  h  and  the 
transformer  ratio.  In  order  to  force  the  current  /• 
through  the  meter  M  and  the  resistance  and  impedance 
of  the  secondary  winding  and  leads,  a  certain  voltage 
must  be  developed  in  the  secondary  winding.  In  Fig. 
2,  E  represents  this  voltage  developed  in  the  total  sec- 
ondary winding  and  0  represents  the  total  flux  in  the 
magnetic  circuit  necessary  to  develop  the  voltage  E.  In 
order  to  produce  this  flux  in  the  iron  a  certain  exciting 
current  is  required,  which  is  represented  by  /ex  com- 
posed of  the  quantities  /w,  which  represents  the  power 
component,  and  /m,  which  represents  the  magnetizing 
component.     The  secondary  current  is  represented  by 
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/.,  and  tlie  primary  current  /i.  is  then  the  vector  sum 
of  h  and  /li^.  If  a  greater  secondary  load  is  introduced 
at  M,  the  voltage  E  must  be  increased,  which  will  also 
increase  the  value  of  h-^,  thereby  making  a  greater  dif- 
ference between  the  lengths  of  the  lines  h  and  Iv.  Thus 
the  ratio  of  a  current  transformer  depends  both  upon 


TJirjTX 
'si 

"IG.I — CONNECTIONS    OF    CURRENT    F1G.2 — VECTOR    DIAGRAM    OF     CUR- 
TRANSFORMER  RENTS 

the  value  and  power-factor  of  its  secondary  load.  It 
should  be  noted,  however,  that  the  value  of  the  exciting 
current  is  very  small  compared  with  the  value  of  either 
the  primary  or  secondary  currents.  In  a  good  commer- 
cial current  transformer  the  value  of  I^^  is  of  the  order 
of  one  percent  of  /p. 

If  the  secondary  circuit  becomes  open  circuited  for 
any  reason,  the  current  h  cannot  flow  and  the  currents 
h  and  /es  then  become  identical.  In  other  words,  the 
entire  primary  current  flowing  becomes  magnetizing 
current  and  will  saturate  the  iron.  Since  the  product  of 
the  area  of  iron  and  number  of  turns  for  a  current 
transformer  is  relatively  small,  this  would  not  produce 
a  seriously  high  voltage  if  the  voltage  wave  form  was 
a  sine  wave;  in  other  words,  the  root-mean-square 
value  of  the  secondary  voltage  will  not  be  relatively 
high.  The  voltage  wave  produced,  however,  is  not  a 
sine  wave  but  a  wave  having  an  enormously  high  peak 
value  and  it  is  this  peak  value  which  becomes  danger- 
ous. 

The  hysteresis  loop  of  high  grade  transformer  iron 
and  also  a  sine  wave  of  current  is  shown  in  Fig.  3, 
which  is  the  current  producing  this  hysteresis  loop. 
When  a  current  transformer  is  operating  with  open 
circuit  secondaiy,  since  the  primaiy  is  connected  in 
series  with  a  power  line,  the  primary  current  both  in 
value  and  wave  form  is  determined  principally  by  the 
character  of  the  load  on  the  system.    It  is  assumed  for 


FIG.   3 — HYSTERESIS      LOOP        AND 
CURRENT   WAVE  OF   HIGH  GRADE 
TRANSFORMER    IRON 


FIG.   .\ — RELATION   OF  CURRENT, 
FLUX    AND    VOLTAGE    WAVES 


the  moment  that  this  current  wave  form  will  be  a  sine 
wave.  This  being  the  case  when  the  current  has  passed 
through  zero  and  begins  to  rise  in  value,  when  some 
point  a  is  reached,  the  flux  density  in  the  iron  is  that 
represented  by  a'.  When  the  current  rises  to  the  value 
at  b,  the  flux  in  the  iron  is  changed  to  b'.  It  can  readily 


be  seen  that  the  change  in  flux  from  a'  to  b'  has  taken 
place  in  a  very  short  interval  of  time.  Since  voltage  is 
proportional  to  the  rate  of  change  of  flux,  it  is  evident 
that  tliis  rapid  change  of  flux  will  produce  a  very  high 
voltage  at  that  point.  This  is  clearly  illustrated  in  Fig. 
4,  in  which  /  represents  the  sine  wave  current.  The  re- 
sulting tlux  wave  will  therefore  be  something  like  that 
represented  by  curve  Flux  and  the  voltage  wave  like 
that  represented  by  E. 

The  open  circuit  voltage  is  not  readily  measured  on 
account  of  its  peculiar  wave  form  and  it  is  necessary  to 
use  some  method  by  which  the  peak  voltage  can  be  ob- 
tained without  drawing  current  from  the  current  trans- 
former. An  oscillogram  of  the  secondary  voltage 
taken  on  a  current  transformer  for  street  lighting  ser- 
vice is  shown  in  Fig.  5.  The  characteristic  wave  form 
is  shown  very  clearly.  However,  the  oscillograph  takes 
an  appreciable  current,  its  maximum  occuring  at  the 
point  of  the  current  wave  where  the  instantaneous  value 
of  current  is  very  low  so  that  the  oscillograph  current 
may  be  a  large  percentage  of  the  line  current  at  that  In- 
stant. This  distorts  the  wave  form  of  the  magnetizing 
current  and  thereby  reduces  the  peak  voltage. 


Ve/taqe  iva^e  a&ross^rA 


zV^"^->'/?rWJlJ>wi  K^9>lJ.  ,  /.j/^ 


Voltage.  Wo^e  acroM  secontfary  (/Vo  lead  con  Ji^'onj 
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FIG.    S — OSCILLOGRAM    OF    THE    SECONDARY    VOLTAGE    OF    A    CURRENT 
TRANSFORMER  ON    STREET  LIGHTING   SERVICE 

Probably  the  best  method  for  obtaining  this  peak 
voltage  is  the  use  of  a  form  of  crest  voltmeter,  origi- 
nated by  Dr.  Clayton  Sharpe.  The  scheme  of  connec- 
tions of  this  instrument  is  shown  in  Fig.  6.  The  con- 
denser C  is  charged  through  a  hot  cathode  rectifier  to 
the  peak  value  of  the  alternating-current  wave  and  the 
voltage  of  the  charged  condenser  measured  by  means  of 
an  electrostatic  voltmeter  V.  When  this  circuit  is  first 
closed,  the  current  necessaiy  to  charge  the  condenser  is 
drawn  from  the  current  transformer  and  as  the  con- 
denser becomes  charged  this  current  falls  off  to  very 
nearly  zero  in  an  exceedingly  short  time,  so  that  for  all 
practical  purposes  this  voltmeter  measures  the  peak 
voltage  without  drawing  current  from  the  circuit. 

A  modification  of  this  scheme  is  shown  in  Fig.  7, 
which  may  be  applied  if  an  electrostatic  voltmeter  of 
the  proper  range  is  not  available.  In  this  scheme  the 
alternating  e.  m.  f.  to  be  measured  is  opposed  to  a 
variable  direct-current  voltage  through  a  hot  cathode 
rectifier  and  a  direct-current  galvanometer  in  series.  If 
the  peak  voltage  of  the  alternating  e.  m.  f.  exceeds  the 
direct-current  voltage  the  galvanometer  will  show  a  de- 
flection.   In  order  to  obtain  the  value  of  this  voltage  the 
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variable  direct-current  voltage  is  slowly  raised  until  the 
galvanometer  reading  becomes  zero.  The  reading  of  the 
direct-current  voltmeter  will  then  be  equal  to  the  peak 
voltage  of  the  alternating  e.  m.  f.  Care  must  be  taken 
not  to  raise  the  direct-current  voltage  above  this  value 
as  the  galvanometer  will  not  indicate  voltage  in  the  re- 
verse direction. 

.  If  the  current  wave  in  Fig.  3  be  so  distorted  as  to 
reduce  its  slope  between  the  points  a  and  b,  the  sec- 
ondary peak  voltage  becomes  reduced.  This  is  exactly 
the  effect  of  the  primary  peak  voltage  of  the  current 
transformer  operating  with  open  circuited  secondary. 
Under  normal  conditions  the  primary  voltage  drop  is 
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■'IG.   6 — SCHEME        0  F        CONNEC-    PIG.   7 — ANOTHER        SCHEME        OF 
TIONS  OF  CREST  VOLTMETER  CONNECTIONS 

To  obtain  voltage  peak.  When  voltmeter  of  proper 

range  is  not  available. 

negligible,  but  when  operating  on  open  circuit  this  high 
peak  voltage  may  be  an  appreciable  percentage  of  the 
total  line  voltage.  Its  effect  on  the  wave  shape  of  cur- 
rent will  also  depend  to  some  extent  upon  the  power- 
tactor  of  tlie  load  on  the  line.  If  a  current  transformer 
of  I  :i  ratio  is  connected  on  a  low  voltage  circuit  the 
peak  voltage  of  the  current  transformer  will  cause  a  de- 
cided change  in  the  primary  current  wave  form,  so 
ihat  a  balance  is  maintained  between  distorted  primary 
current  and  distorted  voltage.  If  the  transformer  ratio 
be  increased,  that  is  the  number  of  primary  turns  re- 


clude  that  the  peak  voltage  of  the  current  transformer 
is  a  function  of  the  k.  v.  a.  of  the  circuit  into  which  it 
is  connected ;  that  is  a  5  to  5  ampere  current  transformer 
on  a  440  volt  line  should  give  the  same  open  circuit 
voltage  as  a  10  to  5  ampere  current  transformer  on  a 
220  volt  line  or  a  20  to  5  ampere  current  transformer  on 
a  no  volt  line.  This  conclusion  has  been  verified  by  ex- 
perimental data  and  a  curve  showing  the  variation  of 
peak  voltage  with  k.  v.  a.  of  the  circuit  is  shown  in  Fig. 
S.  This  curve  is  plotted  from  data  obtained  from  cur- 
lent  transformers  of  various  ratios  tested  on  circuits  of 
varying  voltage.  All  the  current  transformers  had  the 
same  magnetic  circuit  and  same  secondaiy  turns,  the 
only  variable  being  the  primary  currents.  They  were 
tested  on  a  60  cycle  circuit  having  a  relatively  high 
power- factor  load.  The  constants  of  the  particular 
type  of  transformers  tested  are  as  follows:  Secondai-y 
turns  238 ;  area  of  iron  2  ^  square  inches ;  mean  length 
ot  magnetic  circuit  16  inches. 

No  general  expression  can  be  given  for  applying 
the  open  circuit  voltage  curve  to  other  transformers,  or 
other  frequencies  as  there  are  many  factors  which  af- 
fect this  value.  In  general  however,  the  voltage  will  be 
increased  with  greater  area  of  magnetic  circuit,  greater 
number  of  secondary  turns  or  higher  frequency,  while 
the  converse  is  also  true,  in  that  the  voltage  will  be 
diminished  with  a  smaller  number  of  secondary  turns 
or  lower  frequency. 

It  is  evident  that  the  voltage  of  a  current  trans- 
former operating  with  secondary  open  circuited  may 
become  very  dangerous.  While  the  amount  of  power 
the  transformer  can  deliver  is  limited,  and  although  any 
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piC_   8 — VARIATION    OF    PEAK    VOLTAGE    OF    A    CURRENT    TRANSFORMER    WITH    THE    K.V.A. 

OF    THE    CIRCUIT 


duced,  keeping  the  secondary  turns  constant,  the  value 
of  the  primary  voltage  is  thereby  reduced  and  its  effect 
on  the  current  wave  form  is  lessened.  If,  again,  the 
voltage  of  the  circuit  be  raised  the  primary  voltage  of 
the  current  transformer  becomes  a  less  percentage  of 
the  line  voltage  and  the  effect  on  the  primary  wave  form 
is  still  further  lessened.     It  then  seems  logical  to  con- 


current drawn  through  a  high  resistance  shunted  across 
the  secondary  terminals  tends  to  decrease  the  peak 
voltage,  there  is  certainly  sufficient  energy  involved  to 
make  personal  contact  highly  dangerous,  and  most  cer- 
tainly fatal  if  the  ampere-turns  of  the  transformer  are 
relatively  high  ( 1000  or  more)  and  the  circuit  is  carry- 
a.  or  more. 


ing  100  k.  V 
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IN  TRANSFORMER  operation,  the  amount  of 
temperature  rise  is  important  because  of  the  neces- 
sity of  keeping  tlie  temperature  of  the  windings 
from  exceeding  a  safe  value.  While  the  temperature  of 
the  magnetic  circuit  is  not  important,  since  the  use  of 
silicon  steel  renders  it  non-aging  even  at  relatively  high 
temperatures,  )'et  its  temperature  must  be  limited  be- 
cause of  its  proximity  of  the  windings. 

A  teinperature  rise  curve  for  a  transformer  winding 
may  be  divided  into  three  parts,  as  shown  in  Fig.  i. 
From  the  origin,  the  first  part  of  the  curve  is  practically 
a  straight  line,  which  means  that  when  a  cold  trans- 
former is  put  into  service,  the  rate  of  temperature  rise 
is  nearly  constant  for  a  time.  This  condition  signifies 
that  the  greater  part  of  the  heat  from  the  losses  is  ab- 
sorbed in  raising  the  temperature  of  the  transformer, 
and  that  very  little  heat  is  radiated  into  the  air.  The 
rate  of  temperature  rise  is  represented  by  the  slope  of 


^  - 

-- 

-'"■ 

Hca 

f 

.sR 
,  1.  , 

tr:. 

'..;i. 

*' 

i 

/ 

''F^Hcat  15  Gen 
1  aster  than 

crjtec 
t  isF 

r-Case 
lo  F 
cTr; 

by  the  Los 
adialid  by 

ses 
[he 

S 

/ 

/ 

iMt  IS  Use< 
raiore  of  t^ 

fisfofi 

>ieTe 
ler. 

up- 

s 
£  IS 

5 
—  10 

1/ 

/ 

/ 

A 

theC 
Used 

rwtcr  Par 
loR    .Ml 

Radial  ion 
of  th^  Hcj 

Genpralet 

by  tl 

r  Lcb^  I-- 1 

/ 

1 

°0    "       1           2          3 

1      1      1      1 

6                      R           SI         10         11         12        13         N          1 
1       tI^cJhoJ,         1          1          1          1          1          1          1 

FIG.    I — TEMPERATURE    RISE    OF    A    TRANSFORMER    WINDING 

Showing  the  three  parts  into  which  the  curve  may  be  divided. 

the  line,  and  depends  only  on  the  amount  and  kind  of 
material  in  the  transformer  and  on  the  total  amount  of 
heat  generated  by  the  losses. 

The  second  part  of  the  cui-ve  represents  the  condi- 
tion when  the  initial  rate  of  temperature  rise  is  not 
maintained,  because  of  the  heat  beginning  to  flow  away 
from  its  source  of  generation.  After  the  heat  com- 
mences to  be  radiated  from  the  surface  of  the  trans- 
former case  into  the  surrounding  air,  the  rate  of  rise  of 
temperature  falls  very  rapidly.  The  temperature  rise 
of  the  transformer  continues  to  increase  at  a  decreasing 
rate,  until  the  heat  is  radiated  at  the  same  rate  as  it  is 
being  generated  by  the  losses.  When  this  condition, 
represented  by  the  third  part  of  the  curve  in  Fig.  i,  is 
reached,  the  temperature  rise  curve  has  flattened  out 
showing  tliat  the  rate  of  increase  of  temperature  is 
practically  zero,  and  the  maximum  temperature  rise  has 
been  obtained. 


INITIAL  RATE  OF  TEMPERATURE  RISE 


When  putting  a  cold  transformer  into  service,  the 
initial  rate  of  temperature  rise  of  the  windings  depends 
only  on  the  copper  loss,  the  amount  of  copper  in  the 
coils  and  the  specific  heat  of  the  copper.  This  condi- 
tion exists  only  for  a  short  time  until  the  heat  from  the 
windings  begins  to  be  imparted  to  tlie  oil  and  the  other 
parts  of  the  transformer.  The  specific  heat  of  copper 
is  0.092,  or  0.092  gram-calories  of  heat  are  required  tO' 
raise  the  temperature  of  one  gram  of  copper  one  degree 
C.  Putting  this  value  of  the  specific  heat  in  more  con- 
venient terms,  it  is  found  that  approximately  2.9  watt- 
minutes  are  required  to  raise  the  temperaure  of  one- 
pound  of  copper  one  degree  C. 

In  calculating  the  initial  rate  and  the  actual  temper- 
ature rise  after  a  given  time,  before  the  rise  is  arrested' 
by  conduction,  convection  or  radiation  of  heat,  this  rela- 
tion may  be  expressed  in  the  following  form : — 

T     ~   2.<)    ' ''" 

\Miere  /  is  the  rise  in  temperature  expressed  in  de- 
grees  centigrade  in  T  minutes,  or  -rrr  is  the  initial  rate  of 
temperature  rise  and  W^  is  the  watts  copper  loss  per 
pound  of  copper  in  the  winding. 

Example : — What  is  the  initial  rate  of  temperature  rise  in 
a  transformer  winding  when  the  copper  is  operating  at  seven 
watts  per  pound?      From  equation  I, — 


J__ 
T 


-'■9 


=  2.42  degrees  C.per  minute. 


Escample: — At  what  value  of  watts  per  pound  of  copper  is 
it  permissible  to  work  a  transformer  which  is  used  for  starting 
a  motor  when  the  time  required  for  starting  is  one  minute,  and 
the  permissible  temperature  rise  is  100  degrees  C.  ?  From  equa- 
tion I, — 

100 
Wc  =  —  X  2.()  =  2go  watts  per  pound. 


FINAL  TEMPERATURE  RISE  OF  THE  OIL 

The  first  step  in  predetermining  the  temperature 
rise  of  the  windings  of  a  transformer,  after  the  straight 
line  part  of  the  temperature  rise  cun^e  has  been  passed, 
is  to  determine  the  temperature  rise  of  the  oil.  The 
rate  P  at  which  a  hot  body  emits  heat  is  very  nearly 
proportional  to  the  excess  t  of  its  temperature  above 
that  of  its  surroundings,  and  roughly  proportional  to- 
the  area  a  of  its  surface,  that  is,  P  ^  a  e  t  m  which  e 
is  the  proportionality  factor,  which  is  called  the  emis- 
sivity  of  the  surface  of  the  body.  Solving  this  equation- 
for  t  gives, — 
P 

'  =  Tir (^) 

The  value  of  e  for  various  types  of  transformer 
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cases  when  P  is  expressed  in  watts,  a  in  square  inches 

and  t  in  degrees  C.  is  as  follows* : — 

For  smooth  cast  iron  cases e  =  0.0075 

For  smooth  boiler  iron  cases e  =:  0.007 

For  corriigaled  cast  iron  cases e  ^  0-0059 

For  corrugated  sheet  iron  cases ^  =  0.0043 

(4^  inch  pitch  and  3%   inch  depth  of  corrugation  ) 

These  constants  are  based  on  approximately  40  de- 
grees C.  rise  of  the  oil  and  the  radiating  surface  calcu- 
lated from  the  hot  oil  level  in  the  case  at  approximately 
80  degrees  C. 

Example : — What  will  be  the  temperature  rise  of  the  oil  in 
a  50  k.v.a.  transformer,  which  has  a  total  loss  of  850  watts  and 
a  corrugated  cast  iron  surface  of  3600  square  inches?  From 
•equation  2, — 

850 

T  =  -zr, — 2 —  =  40  ac'iTcs  (  . 

o.oo^p  X  som>      ^ 

TEMPERATURE  GRADIENT  BETWEEN   WINDINGS  AND  OIL 

The  diflference  between  the  teinperature  rise  of  the 
transformer  winding  as  determined  by  the  increase  of 
resistance  metliod  and  the  teinperature  rise  of  the  oil, 
is  the  temperature  gradient  between  the  windings  and 
the  oil.  The  temperature  gradient,  as  thus  determined, 
is  less  than  the  maximum  gradient  which  might  be  de- 
termined by  a  thermocouple  placed  in  the  hottest  spot  in 
the  windings.  It  is  generally  assumed  that  the  temper- 
ature of  the  hottest  spot  is  never  greater  than  about  10 
degrees  C.  above  the  average  temperature  indicated  by 
the  increase  of  resistance  measurement.  The  measured 
temperature  gradient  as  indicated  by  the  increase  of  re- 
sistance method  is  usually  between  five  and  fifteen  de- 
grees t.  The  value  of  this  gradient  in  a  particular 
transformer  depends  upon  the  area  of  the  winding  ex- 
posed to  the  oil  and  the  thickness  of  the  coils.  The 
nature  of  the  coil  insulation  will  also  affect  the  value  of 
ithe  gradient,  as  a  high-voltage  winding  having  a  rela- 
tively large  amount  of  insulation,  will  be  likely  to  have 
a  high  gradient,  other  things  being  equal.  The  viscosity 
of  the  cooling  oil  will  also  have  a  slight  effect  on  the 
gradient. 

In  a  particular  transformer  it  is  evident  that  the 
gradient  will  be  proportional  to  the  total  loss  in  the 
winding,  and  will  therefore  vary  as  the  square  of  the 
load  on  the  transformer.  For  example,  a  transformer 
-which  has  a  ten  degrees  C.  gradient  at  100  percent  load 
Avill  have  approximately  15.5  degrees  C.  gradient  at  125 
ipercent  load. 

It  is  possible  to  predetermine  the  temperature 
•gradient  in  a  coir  approximately  by  assuming  that  the 
total  drop  in  temperature  is  that  used  to  force  the  heat 
-through  the  insulation  and  copper  in  the  coil.  The  rate 
•of  flow  of  heat  through  a  conducting  body  may  be  ex- 
pressed by  the  relation, 

P=  \-^/ (?) 

Where  X  represents  the  heat  conductivity  of  the 
material,  a  the  area  of  the  section  through  which  the 
heat  is  flowing  expressed  in  square  inches,  i  the  thick- 
ness of  the  material  and  t  the  resulting  temperature 
-drop  or  temperature  gradient.  Equation  (3)  may  be 
put  into  the  form 

*Sk  Proc.  A.  I.E.  E.  Vol.  XXX  No.  3,  page  463. 


/I  I     ...  . 


•  W 


Where  W^  is  the  watts  per  square  inch  being  forced 

through  the  section  of  area  a.     The  approximate  value 

of  X  for   fibrous   insulating  material   expressed   as   the 

number   of    gram    calories    of   heat   per    second   being 

forced  through  a  cubic  centimeter  of  the  material  with 

a   drop   of   temperature   of   one   degree   centigrade,   is 

0.00032.     Expressing  this  value  in  the  more  convenient 

form  of  watts  being  forced  through  a  cubic  inch,  with  a 

drop   of   temperature   of   one   degree    centrigrade,    for 

fibrous  insulation  '.  =  0.0053  approximately. 

Example; — What  is  the  temperature  gradient  through  a 
sheet  of  insulating  material  -f^  inch  thick,  through  which  heat 
is  being  forced  at  the  rate  of  one  watt  per  square  inch.  From 
equation  (4) 

/ 
t  =  g  X  /.o  X  o  062  =  II .6  desires  C. 

This  indicates  that  a  solid  sheet  of  insulation  close 
up  against  a  coil  cuts  off  the  flow  of  heat  across  the 
area  covered  to  a  considerable  extent.  To  get  the  total 
gradient  in  the  coil  in  this  case,  the  drop  in  temperature 
within  the  coil  would  have  to  be  added  to  that  through 
the  external   insulating  sheet.     Each   coil   in   a   trans- 

I 


FIG.   2 — SECTION      OF      A      TRANS-  FIG.    3 — SECTION  OF  ONE  LEG 

FORMER   COIL  OF   A   CORE-TYPE  TRANSFORMER 

Adjacent  to   a   sheet  of   in-  With  concentric  coils. 

sulating  material. 

former  winding  should  have,  if  possible,  some  surface 
exposed  to  the  cooling  oil,  unless  some  other  condition 
exists  which  permits  the  heat  to  escape.  Coils  wound 
with  relatively  heavy  conductors  will  have  a  consider- 
able amount  of  heat  conducted  out  through  their  leads. 
A  section  through  a  coil  which  is  adjacent  to  an  insu- 
lating sheet  is  shown  in  Fig.  2.  The  heat  is  generated 
uniformly  throughout  the  coil,  and  since  one  side  is 
insulated  the  greater  part  of  the  heat  must  pass  out 
through  the  free  surface.  This  condition  is  therefore 
different  from  that  given  in  the  example  above,  where 
the  heat  is  forced  through  the  insulating  sheet  by  an 
outside  source  and  the  sheet  has  no  loss  generated  with- 
in itself.  The  drop  in  temperature  across  the  small 
section  of  the  coil  of  length  dx  in  Fig.  2,  by  equation  4 


dl  =  Y  "»"'-'' 
The  total  loss  in  the  part  of  the  coil  between  the  in- 
sulating sheet  and  the  small  section  d.v,  is  ~  W:  In  this 
case  W'  is  the  watts  per  square  inch  of  the  coil  surface 
exposed  to  the  cooling  action  of  the  oil.      Then, — 
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dt 


U\ 


A      t 
or 


xdx 


//; 


.(5) 


This  is  the  gradient  from  a  point  adjacent  to  the  in- 
sulating sheet  across  the  entire  coil,  and  is  therefore 
greater  than  the  difference  between  the  point  of  average 
temperature  and  the  temperature  of  the  oil.  Assuming 
that  the  average  temperature  along  this  path  of  heat 
flow  is  at  a  distance  of  0.5  i  from  the  insulating  sheet 


/.v.= 


/    W 


-i 


xdx=  ^-r- 
A 


.(6) 


A  comparison  of  these  two  equations  indicates 
that  the  average  gradient,  or  the  value  which  would  be 
given  by  an  increase  of  resistance  measurement  will  be 
something  like  75  percent  of  the  maximum  gradient. 
Equations  5  and  6  assume  that  tlie  insulating  material  is 
distributed  uniformly  throughout  the  coil,  and  i  is  the 
total  thickness  of  this  insulation,  or  is  the  total  thickness 
of  the  coil  exclusive  of  the  copper.  Ordinarily  the 
temperature  drop  through  the  copper  may  be  ignored 
because  of  the  shortness  of  the  heat  path  through  the 
copper,  and  because  of  the  relatively  great  heat  con- 
ductivity of  copper.  The  heat  conductivity  of  copper 
is  8.5  as  compared  to  0.0053  foi"  fibrous  insulating  ma- 
terial, so  that  the  temperature  drops  through  paths  of 
heat  flow  of  the  same  dimensions  would  be  in  the  ratio 
of  I  to  2500  for  the  two  materials.  If  both  sides  of  the 
coil  are  exposed  to  the  cooling  oil,  the  heat  can  be  con- 
ducted in  both  directions,  and  the  value  of  i  in  equation 
(5)  and  (6)  should  be  taken  as  one-half  of  the  total 
thickness  of  insulation  in  the  coil. 

Example: — What  is  the  average  temperature  drop  along  the 
path  of  heat  flow  shown  by  the  dotted  line  in  Fig.  3,  when  the 
value  of  W«.  is  0.8  and  the  total  thickness  of  the  insulation 
along  this  path  is  0.2  inches?     From  equation  (6') 


/  1 .0 

X  —  X  0.3 

0-0053      ^-7 


14  degrees  C. 


It  must  not  be  taken  for  granted  that  this  method 
of  calculating  temperature  gradients,  with  the  constants 
given,  will  always  give  accurate  results.  The  value  of 
A  varies  for  the  dift'erent  insulating  materials,  and  the 
effect  of  the  impregnation  treatment  on  the  different 
methods  of  insulation  is  another  variable.  The  general 
conditions  vary  with  different  coil  arrangements,  and 
with  different  types  of  transfonners.  In  the  simplest 
case  there  are  a  number  of  heat  flew  paths  in  series,  in 
parallel  or  in  series-parallel,  of  which  only  the  most  im- 
portant ones  can  be  considered  in  a  particular  calcula- 
tion. While  ordinarily  the  drop  in  temperature  along  the 
copper  is  negligible,  there  are  certain  cases  similar  to 
that  along  the  dotted  line  B  in  Fig.  3,  where  the  gradient 
is  appreciable  under  certain  conditions.  This  gradient 
can  be  calculated  with  some  degree  of  certainty  because 
the  heat  conductivity  of  copper  is  a  fixed  quantit}'.  For 
this  case  it  is  more  convenient  to  have  equation  6  in 
terms  of  the  watts  per  pound  of  copper  loss  in  the  coil 
W',  than  in  terms  of   W^.       Since  W*  =  0.321  Wd, 


equation  6,  may  be  written,  substituting  the  value  of  8.5 

for  the  heat  conductivity  of  copper, — 

/av.  =  0.014  W^i- (7) 

Example : — What  is  the  temperature  gradient  along  the 
length  of  the  conductors  corresponding  to  the  dotted  line  S  in 
Fig.  3,  in  a  transformer  coil,  when  the  length  of  the  path  is  ap- 
proximately five  inches,  and  the  copper  is  working  at  five  watts 
per  pound?     From  equation  (7) 

/,v.=  0.014  X  5  X  5'  =  1.75  degrees  C. 
HEATING   CURVE 

Assume  that  the  transformer  is  composed  of  a 
mass  of  material  weighing  G  pounds  which  has  a 
specific  heat  of  S,  expressed  as  the  number  of  watts  re- 
quired to  raise  the  temperature  of  one  pound  of  the  ma- 
terial one  degree  C.  per  minute.  At  some  point  on  the 
heating  curve  the  small  increase  dt  in  the  temperature 
rise,  occurs  during  a  small  interval  of  time  dT.  The  rate 
of  increase  of  temperature  rise  is, 
rtV  I.-P 
dr~     us 

Where  L  is  the  total  watts  loss  in  the  transformer 
and  P  the  watts  being  radiated  into  the  air  with  the 
transformer  at  temperature  t.  The  watts  L-P  is  the 
rate  at  which  heat  is  being  absorbed  in  raising  the 
temperature  of  the  transformer,  and  this  divided  by  GS 


FIG.    4 — REL.\TION     OF     HEATING    AND     COOLING     FOR    THE    OIL     AND 
COPPER    IN    A    TRANSFORMER 

Obtained  by  the  use  of  equations  (9)  and  (11). 

or  the  watt  minutes  required  to  raise  the  temperature 
of  the  transformer  one  degree,  gives  the  rate  of  temper- 
ature rise  increase  at  this  point  on  the  heating  curve. 
Substituting  the  value  of  P  from  equation  2  gives, — 
dt  _  L-aet 
dT^     GS 
When  the  final  temperature  rise  has  been  reached 
or  the  heating  curve  has  flattened  out, — 
L  —  P  —  aetr 
Where  tr  is  the  final  temperature  rise  of  the  trans- 
former, then, — 

dt  _  ca  {t,  -  t) 
dT~         GS 


or 


dt 
Ir-i 


ea 
GS^'^ 


The  integral  of  this  expression  is,- 


/ogf  (t,  -t)  +  Constant 


GS 


r 


Since,  when  T  is  equal  to  zero  t  is  also  equal  to 


zero,- 


Constant  =   —log^  I, 


Therefore,- 


logt   (/r-O  -log^  tr=    -  ^r 
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tr 


=  € 

or 


■r      ^^ 


(/o) 


/  =  /.(/-a     ''^^      )  iS) 

This  expression  may  be  put  into  the  form, — 

-  J!_ 
t  =  i,{i-t      7-0  )  (9) 

Where, — 

O^iT        hfat  irquived  io  reach  Jiual  tfrnpfyaturt' 
f'atj  rate 0/ gt'tieratiun  oj  heal 

Where  To  =  the  time  required  to  reach  final  temp- 
erature if  there  is  no  heat  radiation  to  the  surrounding 

T  . 
air.     When  T  is  equal  to  To,  that  is  when  —  is  equal  to 

unity,  equation  (9)  indicates  that  the  temperature  rise 
would  be  approximately  63  percent  of  the  final  rise,  or 
in  other  words  in  time  T^  the  transformer  would  reach 
63  percent  of  the  temperature  it  would  attain  if  there 
was  no  radiation  of  heat. 

Equation  p  will  apply  either  to  the  temperature  rise 
of  the  oil  or  of  the  windings.  When  the  rise  of  the  oil 
is  being  considered,  U  refers  to  the  final  rise  of  the  oil, 
and  for  the  windings  h  represents  the  final  rise  of  the 
oil  plus  the  final  value  of  the  temperature  gradient  be- 
tween the  oil  and  windings. 

No  allowance  is  made  for  the  increase  in  the  cop- 
per loss  of  the  transformer  as  its  temperature  rises.  If 
the  value  of  the  copper  loss  used  in  calculating  the  data 
for  a  heating  curve  is  approximately  the  loss  at  the 
temperature  at  which  the  heating  curve  becomes  flat, 
each  point  on  the  curve  will  be  slightly  higher  than  the 
actual  temperature  of  the  transformer.  This  error  is 
just  opposite  to  another  introduced  by  the  changing 
viscosity  of  the  oil  as  the  transformer  heats. 

The  values  for  the  specific  heat  of  copper,  iron  and 
oil,  expressed  in  watt  minutes  per  pound  per  degree 
centigrade  are  approximately  as  follows,— 

6"c  =  2.9  for  copper 

6"i  =  3.6  for  iron 

6"o  =  i-S  for  oil. 

Example  :• — What  is  the  time  constant  T„  for  a  transformer 
when  Gc  ^  45  lbs.,  G\  =  188  lbs.,  Go  =  34  lbs.,  e  =  0.0059  and 
a  =  700  square  inches. 

Gc  Sc  +  Gi  Si  +  G.  So  =  45  X  2.9  -t-  188  X  3.6  4-  34  X  i-S 
=  862. 

From  equation  10,— 

S62 

To=  Tz =  ^oS  imnulcs  =  J../6  hours. 

o.oo^g  X  700  -^  ' 

Example: — Draw  the  curves  for  the  temperature  rise  of  the 
oil  and  the  windings  of  the  transformer  whose  constants  are 
given  in  the  preceding  example,  whose  final  temperature  gra- 
dient is  12  degrees  centigrade,  and  the  sum  of  whose  losses  at 
75°  C-  is  iSo  watts? 

From  equation  9, — 

iSo  _ 

tr  for  the  oil  =  — ^  „  „  =  43  degrees  C. 

o.oo^g  X  700      '-'      " 

tr  for  the  windings  =  Vi  -H  •'•?  =  55  degrees  C. 
Then  for  the  oil,  from  equation  {9) 


43  (/  -6 


T 

'  2oS  ) 


which  is  a  relation  between  time  T  and  temperature  rise  i,  for 
this  particular  transformer.  The  curve  is  shown  in  Fig.  4,  for 
both  the  oil  and  the  windings. 

For  convenience  in  plotting  similar  curves,  values 


of  I /_j  To\  for  various  values  of  "y^ are  given  in  the 
form  of  a  curve  in  Fig.  5,  which  indicates  that  on  a 
heating  curve  a  transformer  will  reach  98  percent  of 
its  final  temperature,  or  practically  a  constant  tempera- 

T 
ture  for  a  value  of-7r  of  4.0.     If  the  time  constant  of  a 

-/  o 

particular  transformer  is  three  hours  or  less,  its  final 
temperature  will  be  reached  in  not  more  than  12  hours. 
If  its  time  constant  is  more  than  three  hours,  it  will  re- 
quire more  than  12  hours  to  reach  a  practically  steady 
temperature. 

COOLING  CURVE 

The  cooling  curve  of  a  transformer  is  sometimes 
important  in  determining  its  suitability  to  take  care  of 
special  service  conditions.  The  equation  for  the  cool- 
ing curve  may  be  determined  by  the  same  method  as 
used  for  the  heating-  curve. 
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FIG.    5 — RELATION    OF 
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For  use  in  estimating  the  temperature  rise  of  transformers 
imder  various  service  conditions. 

The  amount  of  heat  radiated  by  the  transformer 
during  a  small  interval  of  time  dT  is, — 
dPdt  =  aetdT 
From  equation  2,  let  dt  be  the  small  reduction  in 
temperature  of  the  transformer  during  this  period  of 
time  dT.  The  amount  of  heat  which  must  be  taken  from 
the  transformer  to  reduce  its  temperature  dt  degrees  C, 
is  GSdt.     Therefore, — 

aetdT  =  GSdt 
or 

di  I- a 

The  integral  of  this  expression  is, — 

/ogf  t  4-  Co)islant  =  —  -qZ-  I 
When  T  is  equal  to  zero,  /  is  equal  to  t^,  therefore — 
Constant  =  ■ —  log  tr 
or 


t. 


GS 


or 


/rt 


65 


or 
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t  =  i,^  "t: -, ("^ 

Where  To  has  the  same  value  as  given  by  equation 
10.     To  assist  in  numerical  applications  of  this  equation 

Fig.  5  gives  the  value  of  ^— yr  for  various  values  of  ^. 

Example :— Draw  the  cooling  curves  for  both  the  oil  and 
the  windings,  for  the  same  transformer  as  that  covered  by  the 
preceding  examples? 

From  equation  //,  for  the  oil, — 

T 
t  =  4s      '■"* 

which  is  the  relation  between  time  T  and  the  temperature  rise 
t  of  the  oil,  as  the  transformer  cools,  starting  with  the  oil  at  43 
degrees  C.     The  cooling  curve  is  shown  in  Fig.  4. 

OVERLOAD  TEMPERATURE  RISE  CURV^ES 

Having  plotted,  with  the  use  of  equation  9  or  from 
tests,  the  curves  showing  the  increase  of  the  tempera- 
ture rise  of  the  oil  and  windings  with  time,  starting  with 
100  percent  load,  the  corresponding  curves  for  any 
other  load  may  readily  be  determined.  The  calculation 
of  overload  temperature  curves  from  the  100  percent 
load  values  is  based  on  the  fact  that  the  temperature 
rise  of  the  oil  is  proportional  to  the  total  loss  in  the 
transformer  and  temperature  rise  of  tlie  windings 
above  the  oil  is  proportional  to  the  copper  loss. 
Suppose  it  is  desired  to  draw  the  temperature 
rise  curves  for  125  percent  load.  Assume  thai 
after  eight  hours  operation  at  100  percent  load  the  oil 
rise  is  34  degrees  C.  and  the  rise  of  the  windings  is  45 
degrees.  If  the  normal  iron  loss  of  the  transformer  be 
33  percent  and  the  normal  copper  loss  be  67  percent  of 
the  total  loss,  a  load  of  125  percent  will  produce  a  cop- 
per loss  of  104  percent,  the  copper  loss  increasing  as  the 
square  of  the  load.  The  total  loss  for  this  loa'd  will 
then  be  137  percent,  therefore  the  temperature  rise  of 
the  oil  will  be  1.57  X  j^  =  -/<5  degrees  C.  The  rise  of 
the  copper  above  the  oil  will  be  {1.25)-  X  n  ^=  ^7  de- 
grees C.  The  temperature  rise  of  the  copper  will  then 
be  46  -\-  ij  ^  6;  degrees  C.  This  procedure  can  be 
repeated  for  a  sufficient  number  of  points  to  enable  the 
construction  of  the  complete  temperature  curve.  The 
temperature  rise  curve  of  the  windings  for  no-load,  that 
is,  the  temperature  rise  in  oil  due  to  the  core  loss  only, 
can  be  determined  by  the  same  method.  If  the  normal 
core  loss  is  33  percent  of  the  total  loss,  the  temperature 
rise  of  the  oil  and  the  winding  also  will,  in  this  case,  be 
0-33  y.34—-  II  degees  C. 

The  curves  given  in  Fig.  6,  which  show  the  rise  of 
the  oil  at  no-load  and  at  100  percent  load  and  the  copper 
at  100,  125  and  150  percent  loads,  have  been  determined 
by    test,    and    they    check    up    very    closely    with    the 


theoretical  curves  as  outlined  above.     The  temperature 

rise  of  the  oil  is  determined  by  a  thermometer  and  of 

the    windings    by   the    increase    of    resistance   method. 

These  curves  do  not  represent  any  particular  size  of 

transformer,  but  rather  that  characteristics  of  a  line  of 

distributing  transformers  of  from  one  to  50  k.v.a. 

Example : — As  an  example  of  the  first  case,  suppose  it  is 
required  to  find  the  temperature  rise  of  a  transformer  that  is 
operating  with  no-load  and  then  receiving  a  100  percent  load 
for  four"  hours,  followed  by  a  150  percent  load  for  two  hours. 
From  the  temperature  curves  in  Fig.  i,  it  is  seen  that  the  wind- 
ings have  approximately  a  12  degree  rise,  due  to  the  iron  loss 
only.  To  obtain  the  temperature  rise  of  the  windings  after 
four  hours  at  100  percent  load,  follow  the  100  percent  load 
temperature  rise  curve  forward  for  a  period  of  four  hours  from 
the  point  where  it  reached  a  temperature  rise  of  12  degrees  C. 
This  gives  a  temperature  rise  of  approximately  38  degrees. 
When  tlie  150  percent  load  is  placed  on  the  transformer  it  has  a 
temperature  rise  of  38  degrees  C,  and  will  then  continue  to 
rise  in  temperature  as  indicated  by  the  150  percent  load  curve. 
Starting  from  the  38  degree  C.  rise,  on  the  150  percent  load 
temperature  rise  curve,  a  transformer  at  the  end  of  a  two-hour 
period  will  have  reached  an  approximate  temperature  of  63  de- 
grees C.  In  this  case  its  original  temperature  rise,  due  to  its 
core  loss,  had  little  effect  on  its  final  temperature.  Although 
it  had  a  temperature  rise  of  12  degrees  C.  when  the  100  percent 
load  was  started,  this  increased  its  temperature  rise  only  two 
degrees  C.  at  the  end  of  the  four-hour  run  at  100  percent. 
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FIG.   6 — TYPICAL    TEMPERATURE    CURVES 

With  different  loads  on  the  transformers. 
SAFE  MAXIMUM  0PER.\TING  TEMPERATURES 

In  determining  the  permissible  load  at  which  com- 
mercial transformers  can  be  operated  for  a  given  time, 
and  the  permissible  time  for  a  given  load,  a  maximum 
safe  operating  temperature  should  not  be  exceeded.  It 
is  generally  understood  that  a  safe  maximum  tempera- 
ture for  continuous  operation  is  about  105  degrees  C. 
Making  an  allowance  of  10  degrees  C.  for  hot  spots  and 
40  degrees  for  the  air  temperature,  gives  a  maximum 
temperature  rise  of  55  degrees  C.  This  temperature 
rise  may  be  exceeded  for  short  periods  of  operation. 


Emergency  Po¥/er  for  CSn>)ni'oai]  Street  Car 
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A.  E. 

'AINTENANCE  of  voltage  on  a  stub  end  of  a 
street  car  line  is  one  of  the  annoying  problems 
of  street  railway  transportation.  This  is  es- 
pecially the  case  when  the  traffic  is  heavy  at  the  extreme 
end  of  the  line,  as  for  example  when  a  large  factory  is 
located  in  the  suburbs.  In  this  case  the  problem  is  es- 
pecially complicated  by  the  fact  that  the  heavy  morning 
find  evening  peaks,  caused  by  carrying  workmen  to  and 
from  the  factor}',  are  of  short  duration  so  that  the  heavy 
feeders  required  to  maintain  voltage  during  the  peaks 
would  be  practically  idle  during  most  of  the  day. 

In  such  cases,  where  the  manufacturing  plant  has  a 
power  station  of  sufficient  capacity,  this  problem  can 


BOGGS 

moved  from  the  railway  power  station  at  the  time  of 
their  heaviest  power  demand,  a  consideration  which  at 
the  present  time  of  congested  service  and  large  power 
requirements,  may  be  of  considerable  importance.  In 
iuch  a  case,  the  generating  capacity  of  the  factory 
power  plant  is  added  to  that  of  the  railway  plant. 

A  typical  example  of  the  v^'orking  out  of  such  an  in- 
stance in  the  Pittsburgh  district  is  illustrated  by  the  map, 
Fig.  I.  Due  to  the  tremendous  increase  in  the  number  of 
men  employed  at  the  Westinghouse  plants  at  East  Pitts- 
burgh and  Wilmerding,  the  existing  overhead  equip- 
ment of  the  Pittsburgh  Railways  Company  in  this  vi- 
cinity was  severely  taxed  for  approximately  two  hours 
in  the  morning  and  for  a  similar  period  in  the  evening, 
at  a  time  when  the  railway  company's  generating  ca- 


FIG.    I — SKETCH    SHOWING    LOCATION    OF    THE    WESTINGHOUSE 
PLANT  AT  EAST  PITTSBURGH,  PA. 

The  main  power  plant  of  the  PiUsburgh  Railways  Com- 
pany is  located  at  Brunots  Island  about  12  miles  away  in  an 
air  Tine.  From  the  Westinghouse  plant,  one  car  line  runs  up 
the  valley  on  Air  Brake  Avenue  to  Wilmerding,  etc.  Another 
runs  up  a  long,  steady  grade  on  Ardmore  Boulevard  to  Wil- 
kinsburg  and  Pittsburgh;  a  third  line  runs  to  Swissvale  and 
Wilkinsburg  over  heavy  grades,  and  a  fourth  to  Second  Ave- 
nue, Pittsburgh  via  Braddock  and  Homestead. 

often  be  solved  to  the  mutual  advantage  of  all  parties 
interested  by  arranging  either  for  the  interchange  of 
power  by  the  railway  company  and  the  factory  power 
station  or  the  purchase  of  power.  This  power  will  be 
taken  by  the  railway  at  times  when  the  load  on  the  fac- 
tory power  plant  will  normally  be  low,  i.  e.  before  work 
commences  in  the  morning,  and  after  the  factory  is 
shut  down  in  the  evening,  so  that  it  can  be  provided  even 
by  a  plant  which  is  fully  loaded  during  the  day.  This 
plan  is  especially  advantageous  where  the  railway  power 
plant  is  alreadj'  overloaded,  which  is  the  case  in  many 
localities  at  the  present  time,  especially  if  the  same 
plant  carries  both  the  industrial  and  railway  load  in  a 
given  community.     Furthermore  this  load  will  be  re- 
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FIG.   2 — TYPICAL   LOAD   CURVE  OF   THE   WESTINGHOUSE  ELECTRIC 
WORKS  AT  EAST  PITTSBURGH 

The  shaded  portions  show  the  power  lift  given  to  the 
Pittsburgh  Railways  Company  in  the  morning  and  evening 
rush  periods. 


pacity  was  also  heavily  loaded.  In  view  of  the  atten- 
dant circumstances,  it  was  considered  better  to  use 
power  from  an  existing  plant,  ideally  located  for  the 
purpose,  than  to  install  an  additional  substation  or  even 
increase  the  railway  feeder  capacity.  From  the  factory 
standpoint,  the  additional  load  simply  broadened  the 
load  curve  without  adding  materially  to  its  height,  as 
shown  in  Fig.  2.  Just  at  the  time  when  the  peak  load 
is  on  the  Railways  Company  lines,  the  Electric  Com- 
pany's load  is  relatively  light,  and  by  means  of  a  large 
rotary  converter  the  Electric  Company  supplies  power 
to  the  Railways  Company's  feeders  at  500,  550,  600,  or 
650  volts,  according  to  line  conditions  and  the  power 
needs  of  the  Pittsburgh  Railways  Company. 

This  arrangement  has  been  working  for  approxi- 
mately a  year  with  very  satis  factoiy  results.  With  both 
companies  the  main  consideration  in  making  such  an 
arrangement  was  the  improved  facilities  for  getting  the 
employees  to  and  from  their  work  promptly,  the  in- 
creased facilities  and  minimized  delays  being  of  more 
importance  than  the  rates  for  the  interchange  or  pur- 
chase of  power. 
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400   KVV,   3600  R.  P.    M.   STEAM    TURBINE     DRIVING 
TURE,    BIPOLAR,   44O  VOLT   GENERATOR 
PERFORMANCE 


THE  PAST  two  decades  have  seen  a  growth  in  the 
size  and  economy  of  steam  turbines  beyond  the 
most  optimistic  expectation  of  twenty  years 
ago,  as  was  shown  graphically  last  month  in  Figs.  4,  5 
and  6.  The  types  of  machines  which  represent  the 
various  stages  in  this  development  are  illustrated  and 
their  performances  are  given  in  the  following  discussion. 

1899 

The  400  kw 
3600  r.p.m.  tur- 
bines, driving  re- 
volving armature, 
440  volt  generators 
shown  in  Fig.  11 
were  installed  at 
the  plant  of  the 
Westinghouse  Air 
Brake  Company. 
These  turbines  are 
still  in  service. 
Sixty-six  machines 
of  this  size  were 
sold. 

FIG.     II 

1900 

The  2000  kw 
turbine  for  the 
Hartford  Electric 
Light  Company 
shown  in  Fig.  12 
was  shipped  in 
1900.  This  turbine 
was  of  the  straight 
Parsons  single-cyl- 
inder construction, 
and  was  designed 
to  operate  at  1200 
r.p.m. 

1903 

The  1000  and 
1500  kw  two-cylin- 
der machines  ar- 
ranged in  tandem, 
shown  in  Fig.  13, 
are  of  the  straight 
Parsons  design. 
Sixteen  of  these  turbines  were  built. 

1904 

The  single-cylinder  machines  of  1000  kw  rating 
were  built  of  straight  Parsons  design,  the  turbine  as 
shown  in  Fig.  14  being  operated  either  at  1500  or  1800 
r.p.m.  One  hundred  and  twenty-nine  of  these  tur- 
bines were  sold  in  this  year. 


Francis  Hodgkinson 

1905 

Some  large  machines  sensible  of  being  given  a  nor- 
mal rating  of  either  5500  or  7500  kw  were  shipped  in 
1905.  These  were  regarded  at  the  time  as  of  unprece- 
dented capacity.  They  operated  at  750  r.p.m.  and 
were  also  of  straight  Parsons  design,  as  shown  in  Fig . 
15.     Fourteen  of  these  machines  were  built.     Twelve 

of  these  are  still  in 


REVOLVING     ARMA- 


Kw 
Load 

300 


Steam  Press 

Lbs.  Ga^e 

125 


Superheat 

Decrees  F. 

0 


Vacuum 
In.  Hg. 

27 


Lbs.  pet* 

Kw-h«r. 

22.0 


Eff. 
Ratio 
54.1 


..J^, 


FIG.    12 — 2000       KW,        1200     R. 


Kw 
Load 


Steam  Press. 

Lbs.  Gage 

155 


Superheat 
Degrees  F, 

41.6 


serviceable    opera- 
tion. 

1905  to  1909 

Between  these 
years  a  very  large 
ntimber  of  straight 
reaction  turbines 
were  built  of  simi- 
lar type  to  those  de- 
scribed under  1903, 
varying  in  capacity 
from  normal  rat- 
ings of  300  kw  to 
normal  ratings  of 
3000  kw,  speeds 
varying  from  3600 
to  1200  r.p.m.,  and 
others  at  7500  kw 
capacity  at  750 
r.p.m. 

1909 
I  niprovement 
in  generator  con- 
struction permitted 
increased  capacities 
at  a  given  speed ,  as 
it  was  then  con- 
sidered undesirable 
t  o  materially  in- 
crease the  blade 
speeds.  A  feature 
was  developed  for 
providing  the  tur- 
bine with  low- 
pressure  elements 
of  double-flow  con- 
struction,  thus 
doubling  the  ca 
pacity  of  those  elements  and  replacing  the  first  barrel 
of  Parsons  blading  in  the  older  design  machines,  whose 
dimensions  were  small  and  consequently  subject  to  large 
leakage  losses,  by  an  impulse  element,  producing  what 
is  now  known  as  a  single-double  flow  turbine. 

During  this  year  there  were  shipped   a  number  of 
6000  kw,  1500  r.p.m.  normal  rated  machines  as  shown 


p.      M.    STRAKiHT 
STEAM    TURBINE 
PERFORMANCE 


PARSONS     SINGLE-CYLINDER 


X'acuum 
In.  Hg. 
26.9 


Lbs.  per 

Kw-Ur. 

19.1 


Eff. 
Ratio 
58.2 
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in  Fig.  i6.  At  the  same  time  some  loooo  kw,  750 
r.p.m.  machines  of  the  same  construction  were  built 
and  are  shown  in  Fig.  17.  Also  during  this  year  there 
ivas  shipped  a  1500  r.p.m.,   loooo  kw  maximum  rated 


FIG.    13 — 1500  KW,  TWO-CYLINDER,  STR.MGHT-   PARSONS  TYPE  STEAM 

TURBINE,  WITH   CYLINDERS   ARRANGED   IN   TANDEM 

PERFORMANCE 


Kw 

Steam  Press. 

Superheat 

\'acuum 

Lbs.  per 

Eft. 

Load 

Lbs.  Gage 

Degrees  F. 

In.  Hg. 

Kw-Hr. 

Ratio 

147.5 

150 

50 

27.01 

18.5 

59.8 

machine  to  the  Metropolitan  vStreet  Railway  Company 
of  Kansas  City,  of  single-double-flow  construction. 
With  a  load  of  8551  kilowatts  at  166.5  pounds,  gage 
steam  pressure  at  75.4  degrees  F.  superheat  and  a 
vacuum  of  28.73  inches  merLury,  the  steam  consump- 
tion of  this  turbine  was  14.50  pounds  per  kilowatt- 
hour,  and  its  efficiency  ratio  was  65.0. 

In  the  same  year  an  epoch-making  machine  was 
shipped  to  the  City  Electric  Company  of 
San  Francisco  of  10  000  kw  normal  rated 
capacity,  15000  kw  maximum,  at  1800 
T.p.hi.  This  machine,  as  shown  in  Fig. 
18,  was  of  double- flow  construction, 
■except  that  the  impulse  element  only 
was  single  flow,  all  of  the  reaction  blad- 
ing being  double-flow. 


1910 

A  2000  kw  normal  rated,  3000  kw 
maximum  machine  was  developed  of  pre- 
cisely similar  design  to  the  10  000  kw 
turbine,  except  that  it  was  arranged  to 
operate  at  3600  r.p.m.  In  the  absence 
of  authentic  tests  its  performance  at 
2000  kw  is  stated  to  be  15.4  lbs.  per 
kw-hr.,  giving  an  efficiency  ratio  of  63.5, 
with  175  lbs.  gage  steam  pressure,  100 
degrees  F.  superheat  and  28.0  inches 
mercury  vacuum. 


1911 

Some  bleeder  turbines  as  shown  in  Fig.  21  were  de- 
veloped of  750  to  1500  kw  capacity  for  industrial  plants 
where  heating  was  required  for  some  industrial  process, 
also  for  small  communities  which  required 
exhaust  steam  in  the  winter  time  for  dis- 
trict heating,  the  turbine  operating  com- 
pletely condensing  in  the  summer.  These 
turbines  automatically  maintain  the  de- 
sired pressure  in  the  heating  system,  and 
that  which  is  not  required  for  heating 
purposes  passes  through  the  low-pressure 
turbine  elements  to  the  condenser. 

1912 

A  3500  kw  normal  rated,  4500  kw 
maximum,  double-flow  turbine  as  shown 
in  Fig.  20  was  shipped  in  this  year,  the 
impulse  element  only  being  .single-flow, 
designed  to  operate  at  3600  r.p.m.,  in 
which  blade  speeds  as  high  as  500  feet 
per  second  were  employed.  In  the  ab- 
sence of  authentic  tests  their  perform- 
ance is  stated  to  be  that  shown  in  con- 
nection with  Fig.  20.  In  this  year  two 
of  the  largest  geared  direct-current  units 
of  3750  kw  capacity  were  shipped.  These 
turbines,  which  were  shown  in  Fig.  i*. 
operate  non-condensing  against  20  pounds  back  pressure, 
the  gear  reduction  being  from  1800  to  180  r.p.m.  The 
operation  of  these  gears  and  turbines  has  been  of  a 
most  satisfactory  character. 

1913 
A   20  000  kw  maximum  rated  turbine  operating  at 
1500  r.p.m.,  as  shown  in  Fig.  23,  and  a  15000  kw  maxi- 
mum turbine  operating  at  1800  r.p.m.  were  developed 


-SECTION    OF    A     1000    KW,     1503     OR    180O    R.     i>.     M.     SINGLE-CVUNDER 
STEAM    TURBINE   OF  THE    STRAIGHT  PARSONS   TYPE 
PERFORM  i\NCE 


Kw 

Steam  Press. 

Superheat 

X'acuum 

Lbs.  per 

Eff. 

^oati 

Lbs.  Gage 

Degrees  F. 

In.  Hg. 

Kw-Hr. 

Ratio 

750 

151.4 

99.1, 

28.01 

18.0 

56.0 

of  a  design  similar  to  the  3600  r.p.m.  turbine  of  Fig.  20. 
There  were  a  large  number  of  these  built. 


*See  A.  S.  M.  K.  paper  by  Samuel  Naphtaly,  December,  1910. 


*See  the  Journal  for  January  '18,  p.  3. 
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1914 

Some  important  machines  of  30000  kw  capacity 
were  shipped  to  the  Interborough  Rapid  Transit  Com- 
pany of  New  York  City,  in  which  the  principle  of  so- 
called  cross-coiripounding  was  introduced;  the  steam 
expansion  being  divided  in  two  separate  elements,  each 


J  IG.    15 — 5500  OR   7500   KW,  750   R.   P.   M.,    PARSONS    STEAM    TURBINE 
PERFORMANCE 
Kw  Steam  Pres?;.  Superheat  Vacuum  Lbs.  per 


Load 


Lbs  Gage 

me 


Deglets  F. 
96.0 


In.  Hg. 
27.31 


Kw-Hr, 
15.21 


driving  a  separate  generator.  The  high  and  low-press- 
ure element  respectively  operating  at  different  speeds, 
each  at  the  nearest  synchronous  speed  most  suitable  to 
the  steam  volume  involved,  as  shown  in  Fig.  19.  The 
advantage  of  cross-compounding  is  commended  for  the 
increased  reliability  thereby  gained.* 

1915 

Machines  of  20000  kw  maximum  capacity,  25 
cycles  1500  r.p.m.,  as  shown  in  Fig.  22,  having  higher 
design  coefficients  than  those  heretofore 
built  for  machines  whose  expansion  was 
complete  within  a  single  cylinder,  were 
shipped  in  19 15. 

1916 

A  6o-cycle  machine  of  1800  r.p.m. 
of  s'milar  design  to  the  above  was  de- 
veloped in  191 6. 

1917 

During  the  year,  30000  kw  machines 
of  single-double-flow  construction  were 
shipped,  having  all-reaction  blading,  the 
complete  expansion  being  carried  out 
within  a  single  cylinder,  as  shown  in  Fig. 

25- 

Another  high  efficiency  machine  of 
35  000  kw  capacity  has  been  shipped  to 
the  Commonwealth  Edison  Company  of 
Chicago,  the  steam  expansion  being  di- 
vided in  two  elements  like  those  describ- 
ed under  1903,  the  cylinders  being  arranged  tandem 
fashion,  and  driving  one  generator,  as  shown  in  Fig.  24. 


The  first  of  these  machines  has  been  placed  in  success- 
ful operation  during  the  year. 

Some  40  000  and  45  000  kw,  60-cycle,  cross-com- 
pound machines,  similar  to  the  Interborough  Rapid 
Transit  Company's  machines,  have  lately  been  put  in 
service.  The  high-pressure  element  operates  at  1800 
r.p.m.  and  the  low-pressure  at  1200 
r.p.m.  There  are  also  under  con- 
struction 60000  kw  turbines  for  both 
25  and  60-cycle  service,  which  are  a 
further  development  of  the  compound 
principle,  in  that  the  turbine  element 
will  comprise  one  high-pressure  and 
two  low-pressure  elements,  the  steam 
passing  through  the  latter  in  parallel 
and  each  driving  separate  generators. 
Means  are  provided  that,  should  the 
circuit-breaker  open  on  any  one  of 
these  elements  or  should  the  unit  be 
put  out  of  service  by  means  of  the 
emergency  stop,  the  remaining  two 
units  will  continue  operating,  thus 
providing  in  a  measure  the  economy 
commensurate  with  a  very  large  unit  with  the  flexibility 
of  a  number  of  smaller  units. 

It  is  expected  that  the  new  35  000  kw,  60  cycle, 
1200  r.p.m.,  tandem-compound  turbine  with  direct- 
connected  exciter,  with  a  load  of  25000  kilowatts  at 
85  percent  power-factor,  at  220  pounds,  gage  steam 
pressure,  20c  degrees  F.  superheat  and  a  vacuum  of 
29  inches  mercury,  will  have  a  steam  consumption  of 
10.65  pounds  per  kilowatt-hour,  and  an  efficiency  ratio 
of  75.4. 


VM. 

Ratio 

67.4 


16 — SECTION    OF    A    60OO    KW 


1500    R.    P.    M.,    SINGLE-DOUBLE-FLOW    STEAM 
TURBINE 


A  complete  description  of  these  machines  is  given  in  the 
article  on  "Efficiency  Tests  of  a  30000  Kw,  Cross  Compound 
bteam  Turbine  by  Messrs.  H.  G.  Stott  and  W.  S.  Finlay  in 
the  Journal  for  July,  '16,  p.  335. 


With  a  load  of  50000  kilowatts  at  275  pounds  gage 
steam  pressure,  200  degrees  F.  superheat  and  a  va- 
cuum of  28.5  inches  mercury,  the  new  6ooookw,  60 
cycle,  1800  and  1200  r.p.m.  three-cylinder,  cross-com- 
pound turbine  at  85  percent  power-factor  will  have  a 
steam  consumption  of   10.65  pounds  per  kilowatt-hour 
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and  an  efficiency  ratio  of  76.2. 
Also  the  60  000 kw,  25  cycle,  1500 
r.p.m.,  three-cylinder,  cross-com- 
pound turbine  at  100  percent 
power-factor  with  a  load  of  40- 
000  kilowatts  at  205  pounds,  gage 
steam  pressure  at  1 50  degrees  F . 
superheat  and  a  vacuum  of  29 
inches  of  mercury,  will  give  a 
steam  consumption  of  10.75 
pounds  per  kilowatt-hour  and  an 
efficiency  ratio  of  77.7. 

In  comparing  the  foregoing 
performances,  cognizance  must 
be  given  to  the  fact  that  the  effici- 
ency ratio  cannot  be  used  as  a 
direct  comparison,  for  the  same 
turbine  will  give  a  higher  effici- 
ency ratio  with  higher  superheat. 
This  emphasizes  the  quite 
remarkable  performance  of  the 
earliest  machines .  The  efficiency 
ratios  quoted  in  the  foregoing  in- 
clude generator  losses.  It  may  be 
proper  to  explain  that  by  effici- 
ency ratio  is  meant  the  ratio  of 
the  energ>'  actually  obtained 
from  an  engine  to  that  which  is 
theoretically  obtained  by  the  adi- 
abatic  expansion  of  steam  be- 
tween the  specified  pressure  and 
temperature  limits. 

It   is   interesting   to  record 
that  owing  to  the  changed  con- 
dition of  the  merchant  marine  in 
the  United  States,  a  large  num- 
ber of    vessels  are   under    con- 
struction  in   which   geared  tur- 
bines are  being  employed.     The 
Westinghouse    Company    has 
built  and  has  under   contract 
steam    turbine    propelling    ma- 
chinery   for    two    hundred    and 
forty-four  merchant   ships   with 
an  aggregate  horse-power  capaci- 
ty of  480  000.  Four  of  the  above 
have   been   to   sea    and   proven 
eminently  successful.     In   addi- 
tion to  the  above  the  Westing- 
house  Company  has  built  and  has 
'under  contract   turbine    propel- 
ling machinery  for  fifty-six  naval 
vessels    aggregating    i  600000 
horse-power.    In   the   case   of  a 
1 0000    horse -power     passenger 
ship  trading  in  the  Pacific,  22.8 
percent  gain  in  fuel  consumption 
is  experienced  as  compared  with 
a  sister  ship  having  modern  four 
cylinder,  three  stage  reciprocat- 
ing engines. 

(7b  be  continued) 
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FIG.   25. — SECTION   OF   A    30  000    KW,    SIKGLE-DOUBLE-FLOW    STEAM    TURBINE 

Having  reaction  blading  and  complete  expansion  within  a  single  cylinder. 


Mmtdnl  Coiiti'oUovs  •  XI V 


T 


xVtr.cliiAi)  'Tool 

H.  D.  James  and 

HE  application  of  motors  to  machine  tools  in  gen- 
eral divides  itself  into  (a) — constant  speed  mo- 
tors  and     (b) — adjustable    and   varying    speed 
motors. 

CONSTANT  SPEED 

Some  machine  tools,  such  as  lathes  and  drills,  are 
provided  with  mechanical  means  for  speed  change  and 
also  mechanical  means  for  reversing.  This  is  particu- 
larly true  of  automatic  lathes  and  screw  machines.  An- 
other constant  speed  application  is  where  the  motor  is 
belted  either  to  a  group  of  machine  tools  operating 
from  one  motor,  or  an  individual  machine.  Applica- 
tions of  this  tj'pe  do  not  require  any  special  features  in 
the  controller  and  the  ordinaiy  starters  described  in  the 
Februaiy  and  March,  1917,  issues  of  the  journal  can 
be  used. 

Constant  speed  motors  are  frequently  used  for  mov- 
ing the  tail  stock  of  large  lathes,  cross  rails,  tool  car- 
riage of  planers,  boring  mills,  etc.  These  motors  are 
usually  of  ten  horse-power  or  less  and  are  provided 
with  reversing  controllers.  The  alternating-current 
and  the  smaller  direct-current  motors  are  connected  di- 
rectly to  the  line ;  the  larger  direct-current  motors  are 
provided  with  automatic  acceleration.  A  common  form 
of  controller  for  this  application  is  shown  in  Fig.  i.  It 
consists  of  a  drum  controller,  whose  handle  has  a  cen- 
tral position  with  two  positions  either  side  of  the  cen- 
ter for  direct  current  and  for  alternating  current  one 


Co  n  t'fo  I  lors 

A.  L.  Harvey 

position  either  side  of  the  center,  the  central  position 
representing  the  off  position,  and  the  position  either  side 
of  the  center  connecting  the  motor  to  the  line  for  for- 
ward or  reverse  operation.  The  same  arrangement  can 
be  used  for  the  smaller  direct-current  motors.  Some 
are  connected  directly  to  the  line  and  others  have  a 
fixed  resistance  in  series  to  reduce  the  starting  torque. 
It  is  often  desirable  to  provide  dynamic  braking  in  the 
central  position.  When  this  is  used,  the  first  position 
on  either  side  of  the  center  is  a  drift  position,  which  dis- 
connects the  motor  from  the  line  but  does  not,  apply  the 
brake ;  the  second  position  gives  forward  or  reverse  op- 
eration. This  switch  is  provided  for  connecting  ac- 
celerating contactors  in  circuit  for  direct-current  mo- 
tors, where  the  size  of  the  motor  requires  the  use  of 
automatic  acceleration. 

This  drum  switch  is  also  used  for  constant-speed 
motors  on  small  machines  where  the  cutting  speed  is 
constant  or  where  the  speed  can  be  adjusted  by  mechan- 
ical means.  A  controller  of  this  kind  has  a  wide  appli- 
cation and  will  be  described  later  in  connection  with 
adjustable  speed  of  motors. 

ADJUSTABLE  AND  VARYING  SPEED   MOTORS 

Motors  of  this  class  driving  machine  tools,  com- 
prises a  wide  range  of  applications.  Considerable  in- 
genuity is  required  to  give  the  desired  flexibilit}-  of  con- 
trol and  at  the  same  time  avoid  unnecessary  complica- 
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lion.  In  providing  control  apparatus  for  machine  tools, 
it  is  very  desirable  to  have  as  many  parts  as  possible  in- 
terchangeable, so  as  to  minimize  the  repair  parts  re- 
quired, to  make  it  easy  for  the  electrician  to  understand 
the  control  apparatus  and  make  replacements  where 
necessarv. 


plications  is  given  in  Table  I.  While  the  form  of  control 
given  in  this  table  is  not  always  used  with  the  applica- 
tion indicated,  it  represents  a  practical  form  of  control 
and  one  that  is  suitable  for  most  installations.  The 
question  of  dynamic  brake  and  drift  points  is  governed 
to  a   considerable  extent  by   the  particular  work  per- 


FIG.    I — DRUM      REVERSE      SWITCH      FOR      DIRECT-CURRENT      DYNAMIC 
BRAKING    SERVICE 


FIG.   2 — NON-REVERSING     CONTROLLER 

Mounted  in  cabinet. 


The  speed  of  a  direct-current  motor  may  be 
changed  in  two  ways : — 

a — By  changing  the  resistance  in  series  with  the  arma- 
ture. This  is  known  as  varj-ing  speed  control.  The  speed 
of  the  motor  on  any  notch  of  the  controller  depends  upon 
the  load  on  the  motor,  the  light  loads  giving  higher  speeds 
than  the  heavy  loads. 

b — By  changing  the  field  strength  of  the  motor,  known 
as  adjustable  speed  control.  This  gives  practically  a  uni- 
form speed  for  each  notch  of  the  controller. 

Alternating-current  motors  are  furnished  for  vary- 
ing speed  only.  These  motors  are  of  the  slip-ring  type 
and  have  external  resistance  in  the  secondary  circuit 
which  is  changed  to  vary  the  speed.  The  characteris- 
tics of  control  are  practically  the  same  as  for  a  direct- 
current  motor  with  armature  control. 


formed  by  the  tool ;  in  some  cases,  it  is  a  matter  of  per- 
sonal preference.  Where  the  motor  is  small,  the  con- 
troller shown  in  Fig.  i  can  be  used  and  both  dynamic 
braking  and  drift  obtained  at  small  additional  expense. 

If  the  control  of  machine  tools  be  analyzed,  the 
various  arrangements  may  be  classified  as  follows : — 

I — N onreversing  Control  Panel — The  wiring  dia- 
gram of  this  panel  is  shown  in  Fig.  3.  It  consists  of  a 
line  contactor  and  one  or  more  accelerating  contactors, 
together  with  the  starting  resistor.  The  panel  should 
also  contain  a  knife  switch  and  overload  protection  by 
either  fuses  or  an  overload  relay.  It  is  preferable  to 
mount  this  panel  in  a  cabinet  and  arrange  the  handle  of 


FIG.3— CONNECTIONS       OF       NON-REVEKSING 
CONTROLLER    PANEL   OF    FIG.    2. 
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FIG.   4— CONNECTIONS      OF      NON-REVERSING 
PANEL    WITH    DYNAMIC  BRAKE 
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FIG.   6 — CONNECTIONS    OF     REVERSING    CON- 
TROL PANEL 
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FIG.    8 — SAME     AS     FIG.    7     WITH     ADDITION 
OF   DRIIT   POINT   CONTACTOR 


The  use  of  a  varying  speed  motor  is  uneconomical 
if  the  motor  is  operated  much  of  the  time  at  reduced 
speeds,  as  considerable  loss  occurs  in  the  series  resis- 
tance. A  wide  range  of  speed  can,  however,  be  obtained 
with  a  less  expensive  motor  than  if  adjustable  speed 
were  used,  and  for  some  applications  having  intermittent 
service,  such  as  bending  rolls,  this  form  of  motor  is 
satisfactory.  The  adjustable  speed  direct-current  mo- 
tor is  the  one  usually  employed  where  a  change  in  motor 
speed  is  required. 

A  list  of  the  more   common  magnetic   control   ap- 


the  knife  switch  so  that  the  switch  can  be  opened  from 
the  outside  of  the  panel  and  can  be  locked  ifi  the  open 
position  to  prevent  the  accidental  starting  of  the  machine 
tool  when  the  attendant  is  adjusting  or  repairing  it. 
This  knife  switch  should  be  used  only  for  disconnecting, 
and  the  motor  should  be  started  and  stopped  with  the 
line  contactor.  The  connections  provide  for  low  voltage 
protection.  One  of  these  controllers  is  shown  mounted 
in  a  cabinet  in  Fig.  2. 

2 — Nonreversing    Control    Panel    with    Dynamic 
Brake — The   diagram   of   connections    for  this   control 
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panel  is  shown  in  Fig.  4.  It  is  the  same  as  for  the  con- 
trol panel  shown  in  Figs.  2  and  3,  with  the  addition  of  a 
back  contact,  to  provide  for  dynamic  braking.  The  dia- 
gram also  shows  the  connections  to  a  field  rheostat. 

J — Nonreversing  Control  Panel  with  Dynamic 
Brake  and  Drift— Fig.  5,  is  the  same  as  Fig.  4,  with  the 
addition  of  a  second  line  contactor  to  provide  for  a  drift 
point  in  addition  to  the  dynamic  braking.  By  opening 
this  extra  line  contactor,  the  motor  is  disconnected  from 
the  line  on  this  side  and  allowed  to  drift.  When  the 
other  line  contactor  is  opened,  it  disconnects  the  oppo- 


When  both  the  forward  and  reverse  contactors  are 
open,  the  back  contacts  establish  the  dynamic  brake  cir- 
cuit. 

<5 — Reversing  Control  Panel  with  Dynamic  Brake 
and  Drift — This  panel  is  shown  by  diagram  in  Fig.  8 
which  is  the  same  as  Fig.  7  with  the  addition  of  an- 
other line  contractor,  8.  This  additional  contactor  is 
necessary  only  where  the  forward  and  reverse  switches 
are  double  pole.  Where  single  pole  switches  are  used 
for  reversing  the  motor,  the  drift  position  can  be  ob- 
tained by  opening  the  reverse  contactors,  2  or  j,  which 


TABLE  I— MAGNETIC  CONTROL  FOR  MACHINE  TOOLS 

This  table  covers  a  typical  list  of  magnetic  control  for  adjustable  speed  direct-current  motors,  suitable  for  general 
application  in  the  average  larjje  machine  shop.  Braking,  drift,  and  arrangement  of  field  rheostat  in  different  combinations 
form  the  basis  of  most  machine   tool   controllers. 


Tool 

Form 

Range  in  Size 

Up  Range 

S[)ced 
RatTo 

Controller 

Rev. 

Dviianiic 
Brake 

Drift 
Point 

Master 
Switch 

Field  Rheo. 

Lalhc 

.\utoniatir 
Cul  off 
Engine 

Itv,  to  S  inches 
ir,  to  tiO  inches 

3  to  15 
5  to  20 
3Vi  to  20 

2   :  1 
2   :  1 
(3:1 
14:1 

Magnetic 
Magnetic 
Magnetic 

No 
No 
Yes 

No 

No 
Yes 

No 
No 

Yes 

Push  Button 
Drum  Type 
Drum  Type 

Seiiarate 
With  Master 
With  Master 

Vert.  Turret 
lloriz.  Turret 

2  I  to  -J'^  inches 
18  to  36  inches 

3Vi  to  15 
3I0  to  15 

2   :  1 
4   :   I 

Magnetic 
Magnetic 

No 
No 

No 
Yes 

No 
Yes 

Push  Button 
Drum  Type 

Separate 
With  M.ister 

Screw  Cutting 
Car  Wheel 

42  to  90  inches 

-  to  15 
20  to  .'^0 

(2  :  1 
'(3:1 

Magnetic 
Magnetic 

Yes 
Emerg. 

Yes 
Yes 

Yes 

No 

Drum  Type 
Push  Button 

Separate 
On  Panel 

Boring 
Mill 

Vertical 
Horizontal 

30  to  192  inches 
2  to  -1  Spindle 

5  to  30 

71,2  to  10 

3  :   1 

4  :  1 

Magnetic 
Magnetic 

No 

No 

Yes 
Yes 

No 
Yes 

Push  Button 
Drum  Type 

Separate 
With  Master 

tBoring 

Mill" 

For  Segmental  Turning 

Rev.  Planer 

Yes 

Yes 

No 

Planer 

On  Panel 

Milling 
Machine 

Horizontal 
Slab 

ISx.KxWin.  to  42x11x20  in. 

31.;  to  15 
I.'i  to  75 

4   :   1 
3   :   1 

Magnetic 
Magnetic 

No 
No 

No 
No 

No 
No 

Drum  Type 
Drum  Type 

With  Master 
With  Master 

Drills 

Gang 
Radial 

4  to  c  Spindle 
4  to  10  feet 

5  to  15 
4  to  2) 

4   :   1 

3    :   1 

Magnetic 
Magnetic 

No 
No 

No 
No 

No 
No 

Drum  Type 
Drum  Type 

With  Master 
With  Master 

Upright 
Portable 

20  to  30  inches 
H  to  le  inches 

2  to  7i„ 
n-j  to  10 

4    :    1 

Magnetic 
Magnetic 

No 
No 

No 
No 

No 
No 

Drum  Type 
D  rum  Type 

With  Master 
With  Master 

Planer*' 

Reverse 
Non-Rcvcrse 

10  to  76 

TVS  to  30 

4   :   1 

Rev.  Planer 
Non-Rev.  Planer 

Yes 

No 

Yes 
No 

No 
No 

Planer 
Planer 

On  Panel 
On  Panel 

Shaper 

Horizontal 
Vertical 
Draw  Cut'" 

16  to  36  inches 
6  to  12  inches 

• 

3  to  10 
1  to7« 
Special 

3   :  1 
3   :  1 

Magnetic 
Magnetic 
Rev.  Planer 

No 
No 
Yes 

Yes 

No 
No 
No 

Push  Button 

Push  Button 

Planer 

Separate 
Separate 
On  Panel 

Saw 

Band 

1  Tooth- 
Cold^     ed. 

(   Plate 

48  inches 

1  to  7V2 

2  to  2.-> 
Up  to  200 

2   ■   1 
2       1 

Magnetic 
Magnetic 
Magnetic 

flf  the  shape  of  the  work  is  such  that  a  number  of  pieces   cannot   be  put   on    the   table,    so   the   tool   cuts   at   least  40 
percent   of   the   time,    a   considerable   increase   in   production    can  be  obtained  by  using  a  reversing  planer  eauipment 
•Dynamic  braking  desirable  where  work  is  changed   frequently. 
••Cut  and     return  speed. 


site  side  of  the  motor  from  the  line  and  the  back  con- 
tact closes,  giving  dynamic  braking. 

4 — Reversing  Control  Panel — This  panel,  Fig.  6, 
has  four  line  contactors  and  one  or  more  accelerating 
contactors,  together  with  the  necessary  resistor.  It 
should  also  have  a  knife  switch  and  overload  protec- 
tion and,  should  be  mounted  in  a  cabinet,  as  described 
for  the  controller  under  item  /,  Figs.  2  and  3. 

5 — Reversing  Control  Panel  with  Dynamic  Brake 
—This  panel.  Fig.  7,  is  the  same  as  Fig.  6,  with  the  ad- 
dition of  a  back  contact  on  two  of  the  line  contactors. 


are  not  equipped  with  back  contacts.  The  opening  of 
one  of  the  reversing  contactors  disconnects  the  motor 
from  the  line  on  one  side  and  allows  it  to  drift.  The 
opening  of  the  other  line  contactor  completes  the  dyna- 
mic brake  circuit  and  stops  the  motor.  Since  these  con- 
trollers with  reversing  contactors  are  usually  applied  to 
large  motors,  the  addition  of  the  extra  contactor  on  the 
other  side  of  the  line  is  frequently  desirable,  as  it  en- 
tirely disconnects  the  controller  from  the  line.  This  dis- 
connecting is  not  always  necessary,  as  the  opening  of 
the  knife  switch  will  effect  the  same  results.  The  knife 
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switch,  however,  should  never  be  opened  under  load, 
and  the  use  of  the  extra  contactor  is  sometimes  desir- 
able to  clear  a  short-circuit,  due  to  a  ground.  Items  j 
and  6  provide  for  this  extra  contact,  which  may  or  may 
not  be  opened  in  advance  of  the  dynamic  brake  con- 
tactor, depending  upon  whether  or  not  a  drift  point  is 
required. 

7 — Field  Rheostat  Separately  Mounted- —  This 
rheostat.  Fig.  9,  can  be  used  in  connection  \\ith  any  con- 
trol panel  to  provide  adjustable  speed  control  for  the 


FIG.   9 —    bJil'AK.^ItLV        MOUNTED 
FIELD  RHEOSTAT 


riG.    10 —    COMBINED       MASTER 
SWITCH    AND    FIELD     RHEOSTAT 


motor.  It  is  desirable  to  have  this  field  rheostat 
mounted  separately  from  the  panel,  so  that  the  operator 
does  not  have  to  place  his  hand  near  the  main  control 
circuit  for  operating  it.  It  is  also  convenient  to  have  the 
rheostat  separately  mounted  so  it  can  be  located  in  a 
convenient  place  and  the  control  panel  located  on  the 
machine  tool  or  the  wall  where  it  is  not  readily  ac- 
cessible to  unauthorized  persons.  Where  the  control 
panel  is  enclosed  in  a  cabinet,  the  rheostat  may  be 
mounted  in  the  cabinet  with  the  handle  extending  to  the 
outside.  This  requires  the  control  cabinet  to  be  located 
in  an  accessible  place  and  is  not  convenient  for  many 
machine  tool  applications. 

8 — Push  Buttons — Push  button  stations  may  con- 
sist of  one  or  more  buttons  arranged  for  manipulating 
a  controller  panel.  They  are  usually  applied  to  nonre- 
versing  panels  and  consist  of  a  start  and  stop  button. 
They  may  be  located  close  to  the  field  rheostat  making  a 
very  compact  and  neat  arrangement  where  the  motor  is 
operated  for  considerable  periods  of  time. 

p — Drum  Reverse  Switch — A  small  switch  is  illus- 
trated in  Fig.  I.  It  may  be  used  in  connection  with  non- 
reversing  panels  to  give  reversing  control.  The  same  ar- 
rangement can  be  extended  to  larger  switches  when  de- 
sirable. 

10 — Master  Switch  and  Field  Rheostat  Combined 
— This  arrangement,  Fig.  10  is  very  convenient  for 
lathes  and  similar  tools,  particularly  where  large  motors 
are  u.sed.  tt  is  used  in  connection  with  one  of  tlie 
panels  described  in  items  /  to  6. 

II — Reversing  Switch  and  Field  Rheostat — This 
consists  of  a  controller  for  reversing  the  direction  of 
rotation  of  the  motor,  combined  with  a  field  rheostat 
and  provided  with  contacts  for  operating  one  of  the 
control  panels,  items  i  to  j. 

12 — Reversing   Controller  with  Field   Rheostat — 


Fig.  II  shows  a  small  controller  which  is  selfcontained 
and  can  be  used  for  adjustable  speed  motors  on  revers- 
ing service.  A  great  many  controllers  of  this  type  are 
used  for  motors  up  to  ten  horse-power  capacity.  It  is 
easy  to  operate  and  proves  quite  durable  for  these  mo- 
tors. It  does  not  require  a  controller  panel.  It  is  us- 
ually connected  directly  to  the  line  through  a  knife 
switch  and  fuses. 

Where  adjustable  speed  motors  having  a  consiocr- 
able  range  of  speed  adjustment  are  used,  it  is  desirable 
to  provide  for  starting  with  full  field  strength.  This 
can  be  taken  care  of  in  several  ways.  Where  the  field 
rheostat  is  not  mechanically  connected  to  the  master 
switch  a  convenient  method  is  to  use  a  small  contactor 
for  short-circuiting  the  field  rheostat  during  accelera- 
tion. This  contactor  can  be  made  to  operate  auto- 
matically on  a  variation  of  current  strength  when  de- 
sirable, but  precautions  should  be  taken  to  reverse  the 
functions  of  this  contactor  or  relay  during  regener- 
ation. The  relay,  however,  should  short-circuit  the 
field  rheostat  during  dynamic  braking.  The  amount 
of  complication  involved  in  the  use  of  this  relay 
will  depend  upon  the  size  of  the  motor.  For'small 
motors,  a  small  contactor  held  closed  until  the  last  ac- 
celerating switch  is  closed  will  be  found  very  satisfac- 
tory and  will  eliminate  most  of  the  complication. 

The  twelve  items  described  above,  make  a  very 
convenient  combination  from  a  manufacturing  stand- 
point, as  well  as  from  the  standpoint  of  the  user.  The 
control   panels,   particularly   item    /,    can   be   used    for 


FIG.    II — REVERSING    CONTROLLER    WITH    FIELD    RHEOSTAT 

Armature  starting  and  field  control. 

pumps,  fans,  and  many  forms  of  drive  other  than  ma- 
chine tools.  Items  7  toi.?  will  be  found  useful  for  a 
variety  of  other  applications.  A  manufacturing  estab- 
lishment requiring  machine  tool  controllers  has  a  great 
deal  of  other  apparatus  operated  by  motors  requiring 
control.  It  is  therefore  desirable  to  permit  the  works 
department  of  such  a  company  to  adopt  a  few  standard 
controllers  which  have  a  more  or  less  uniform  applica- 
tion. 
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OUR  subscribers  are  invited  to  use  this  department  as  n  means  of  securinf; 
authentic  information  on  electrical  and  mechanical  subjects.  The  topics 
should  be  of  tjeneral  interest;  informarion  inx-oKini;  the  specific  desii^n  of 
inilividual  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  for  an  intelliyent  answer. 


A  PERSON.AL  renly  is  mailed  to  each  questioner  enclosini;  a  stamped,  self 
addressed  envelope  as  soon  as  the  necessary  information  can  be  obt.iined. 
Anon>mous  questions  cannot  be  considered.  As  each  question  is  answered 
by  an  expert  on  the  subject  in\oK'cd,  and  checked  Hy  at  least  two  others, 
a  reasonable  length  of  time  should  be  allowed  before  expcctini;  an  answer. 


During  1917,  The  Journal  Question  Box  sup- 
plied answers  to  311  questions  by  mail.  These  ques- 
tions came  from  37  states  in  the  Uniied  States,  six  in 
Canada,  and  from  England,  Scotland,  France,  Spain, 
Italy,  Australia,  New  Zealand,  South  America,  Mexico, 
Cuba,  and  the  Panama  Canal  Zone.  During  the  same 
period,  133  questions  and  answers  were  published 
in  the  Journal,  which  were  selected  as  being  those  of 
broadest  interest  and  usefulness  to  our  subscribers.  In 
this  way  the  reading  pages  are  kept  free  from  repeti- 
tion, while  the  direct-by-mail  service  provides  each 
questioner  with  as  prompt  a  reply  as  is  consistent  with 


that  extent  of  consultation  which  is  necessary  to  se- 
cure accuracy  and  completeness  from  an  authoritative 
source. 

The  fact  that  each  succeeding  year  has  been  the 
most  successful  in  the  history  of  The  Journal  Ques- 
tion Box,  indicates  ofily  one  thing- -real  service  to  our 
subscribers.  This  is  especially  attested  by  the  frequency 
with  which  "repeat  orders"  are  received. 

We  feel  confident  that  this  department  will  have  a 
still  wider  field  of  usefulness,  and  welcome  any  and  all 
questions  of  an  electrical  or  mechanical  engineering 
nature,  which  are  of  general  interest.  (Ed.) 


1562 — Speed  Changes  in  Induction 
Motors — Referring  to  Mr.  A.  M. 
Dudley's  article  on  "Reconnecting  In- 
duction Motors"  in  the  Journal  for 
Feb.  '16,  p.  85,  with  particular  refer- 
ence to  Figs.  15  and  17  on  pages  90 
and  91,  instruction  and  diagrams  are 
given  for  changing  connections  to 
three  phase,  two  speed,  four  and  eight 
pole  operation.  Fig.  15  shows  the 
connections  for  both  the  four  and 
eight  pole  operation  and  we  recently 
tried  this  on  a  motor  marked  20  hp, 
220  volts,  three  phase,  60  cycles,  1720 
r.  p.  m.,  the  object  being  to  change 
the  motor  to  eight  poles  and  obtain 
approximately  one-half  the  rated 
horse-power.  The  stator  has  48  slots, 
48  coils,  the  coil  throw  i  and  13 
and  was  connected  parallel  star  for 
four  pole  and  was  rewound  series 
star  for  eight  pole  using  Fig.  15  of 
Mr.  Dudley's  article.  The  rotor  has 
37  bars.  After  these  changes  were 
made  the  motor  would  not  attempt  to 
start  and  could  not  be  brought  up  to 
speed  by  mechanical  means  when  the 
power  was  applied.  Will  you  kindly 
let  us  have  your  comments  as  to  why 
this  motor  would  not  operate  at  the 
low  speed?  w.t.e.   (n.y.) 

There  is  evidently  some  misunder- 
standing on  this  point,  as  it  was  intended 
in  the  Journal  article  to  state  only  that 
it  is  sometimes  possible  to  reconnect 
motors  for  two  speeds  in  this  way. 
The  reason  the  connection  described  did 
not  work  is  because  the  coils  were  ex- 
actly pitched  for  the  four-pole  connec- 
tion which  made  them  exactly  cancel 
each  other  in  each  individual  slot  when 
connected  for  eight-poles.  This  con- 
dition is  shown  in  Fig.  {b).  Fig.  (a) 
shows  the  distribution  of  the  magnetic 
field  around  the  air-gap  of  the  motor 
when  it  was  connected  for  four-poles 
On  account  of  the  throw  of  the  coil 
being  I  and  13,  this  winding  is  exactly 
symmetrical  and  the  field  form  is  per- 
fectly symmetrical,  as  shown  in  Fig. 
(o).  The  top  part  of  Fig.  (o)  is  in- 
tended to  represent  a  developed  cross- 
section  of  the  motor  winding,  showing 
the  conductors  for  the  three-phase  as 
indicated     in     groups     of     four.     The 


arrows  placed  over  these  conductor 
groups  indicate  the  direction  of  the  cur- 
rent in  the  group  in  the  proper  three- 
phase  relation  at  the  instant  when  the 
value  of  the  A'  phase  and  the  O  phase 
is  one-half  and  the  value  of  the  current 
in  the  —  phase  is  one.  Fig.  (b)  shows 
the  condition  in  which  the  motor  was 
when  connected  up  for  eight-poles. 
From  the  arrows  it  may  be  noted  that 
the  conductors  in  the  tops  of  the  slots 
carrj'    current    which    is    in    phase    and 
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exactly  opposite  in  direction  to  the  cur- 
rent in  the  bottom  of  the  slots.  This 
results  in  complete  neutralization,  so 
that  the  magnetic  field  is  zero  at  all 
points  as  represented  by  the  straight 
line.  Fig.  (c)  shows  the  condition 
which  would  exist  if  the  throw  of  coils 
had  been  i  and  9  instead  of  I  and  13. 
An  eight-pole  field  results,  but  it  is  not 
perfectly  symmetrical  and  provided  the 
voltage  were  reduced  to  37.5  percent  on 
the   eight-pole   winding  to   what   it   was 


on    the    four-pole    winding,    the    motor 
would  operate  properly  at  an  eight-pole 
speed,   and   develop   about   three-eighths 
of  the  horse-power  rating  that  it  did  on 
the    high    speed.     Fig.    (rf)    shows    the 
condition  that  would  result  if  the  throw 
of  the  coils  had  been  i  and  7  instead  of 
I  and  13,  that  is  to  say,  if  it  were  ex- 
actly pitched  for  an  eight-pole  winding. 
The    resulting    eight-pole    field    is    per- 
fectly    symmetrical,    and    it     could    be 
operated  on  a  voltage  about  43  percent 
of    the    four-pole    voltage    antl    develop 
a  horse-power   about   in   the   same  per- 
centage.    Further   interesting    facts   can 
be    noted     from    the     study    of     these 
figures,   of   which    the    following   might 
be    mentioned.     The    area    under    the 
curve,    which    represents    the    four-pole 
magnetic  field  can  be  called  56  for  each 
pole,  or  56  X  4  =  224  for  the  complete 
machine.     This   area   can   also  be  taken 
to   represent   the  counter  electromotive- 
force  which  would  be  developed  in  the 
stator  winding  by  this  four-pole  rotating 
field.     It   will    be   assumed   in   going   to 
eight  poles  that  the  same  field  strength 
is  to  be  kept  in  the  air-gap  as  the  stator 
teeth  will  probably  not  stand  any  higher 
density.     Since   the   same   field   strength 
is    to    be    kept,    and    the    rotating   field 
travels  at  half  the   r.  p.   m.,   a  counter 
e.  m.  f.  will  be  generated  of  only  one- 
half  of  the  value  that  it  had  in  the  case 
of    the    four-pole    machine.     This    fact 
explains   why    practically   all    two-speed 
motors    are    run    with    the   windings   in 
parallel  on  the  high  speed  and  in  series 
on    the   low    speed.     Since    the    counter 
e.  m.  f.,  which  is  generated  in  any  indi- 
vidual conductor  is  only  one-half  what 
it  was  on  the  high  speed,  it  is  necessary 
to    put    twice    as    many    conductors    in 
series   on   the   low   speed,   if   the   motor 
is    to    be    operated    on    the    same    line 
voltage.     Comparing  Fig.   (a)   with  Fig. 
id)  it  would  naturally  be  expected  that 
the    total    area    under    the    field    curve 
might  be  one-half  of  224  or  112.    As  a 
matter   of    fact,    it    measures   96.    This 
difference   is   due   to   the   fact   that   the 
winding    is    connected    for    consequent 
poles,  that  is,  all  the  pole  phase  groups 
have   current   passing   through   them   in 
such  a   direction  as   to   make  all   north 
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poles  while  the  south  poles  are  the  re- 
sult of  the  magnetic  field  being  com- 
pelled to  find  a  return  path.  Another 
way  of  expressing  this  same  idea  would 
be  to  say  that  instead  of  actually  having 
24  pole  phase  groups,  we  have  only  12, 
and  that  any  given  pole  phase  group, 
instead  of  being  spread  over  the  proper 
arc  for  the  eight-pole  winding,  is  spread 
over  the  arc  for  a  four-pole  winding. 
The  result  of  this  is  to  introduce  a 
factor  which  is  called  a  distribution 
factor  and  which  reduces  the  effective 
value  of  the  magnetic  field,  and  conse- 
quently reduces  the  counter  e.  m.  f., 
which  is  developed  by  this  field.  This 
factor  in  the  case  of  the  three-phase 
machine  is  0.866,  and  if  we  multiply 
112  X  0.866,  as  noted  above,  it  comes 
out  very  close  to  the  value  of  96,  which 
was  determined  graphically.  Comparing 
Fig.  (c)  again  with  Fig.  (a)  and  (d) 
the  total  area  is  0.88,  indicating  a  still 
further  reduction.  This  is  due  to  an- 
other factor  called  the  chord  factor  or 
winding  pitch  factor,  and  is  due  to  the 
coils  being  wound  in  slots  I  and  9,  in- 
stead of  I  and  7,  as  in  Fig.  (d).  The 
effect  of  winding  a  coil  over-pitch  is 
the  same  as  winding  it  the  same  number 
of  slots  under-pitch.  Or  in  other 
words,  in  a  48  slot,  eight-pole  combina- 
tion, the  eflfect  of  winding  the  coil  in 
slots  I  and  9  is  magnetically  the  same 
as  it  would  be  if  wound  in  slots  i  and 
5.  If  a  coil  having  a  throw  or  pitch  of 
I  and  7,  as  in  Fig.  {d)  for  eight-poles, 
be  chorded  down  to  I  and  S,  the  chord 
factor  for  this  particular  chord  will  be 
0.866.  This  is  determined,  as  stated  in 
the  JouRN.vL  article  referred  to,  as  the 
sine  of  one-half  the  electrical  angle 
spanned  bj-  the  coil.  In  this  case,  six 
slots,  or  a  throw  of  I  and  7  represent 
180  electrical  degrees,  therefore,  four 
slots,  or  a  throw  of  I  and  5  will  repre- 
sent 120  electrical  degrees.  Half  of  130 
degrees  is  60  degrees  and  the  sine  of 
60  degrees  is  0.866,  therefore  the  area 
under  the  curve  in  Fig.  (c)  will  be  sub- 
stantially 0.866  X  96  as  compared  with 
Fig.  (d)  or  it  should  be  0.866  X  112,  as 
compared  to  Fig.  (a)  and  both  of  these 
values  will  check  substantially  to  the 
actual  area  measured  graphically,  which 
is  88.  Fig.  {e)  is  introduced  to  show 
the  effect  of  eliminating  both  chord 
factor  and  the  distribution  factor  for 
the  eight-pole  connection  and  the  area 
is  substantially  112,  as  would  be  antici- 
pated from  the  foregoing  explanation. 
The  conclusion  to  be  drawn  from  this 
is  that  if  a  motor  originally  designed 
for  single  speed  be  reconnected  for  two 
speeds,  its  chances  of  operation  are 
governed  almost  entirely  by  the  throw 
or  pitch  of  the  coils,  and  granting  that 
it  does  operate,  the  voltage  upon  which 
it  should  be  operated,  and  the  corres- 
ponding horse-power  which  it  can 
develop  are  governed  both  by  the  chord 
factor  and  the  distribution  factor. 


1563  —  Direct-Current  Generator  —  A 
short  time  ago  we  needed  a  12  kw 
motor-generator  set.  We  had  a  15 
horse-power,  three-phase,  1720  r.  p.  m. 
induction  motor,  and  tried  to  get  a 
suitable  generator  from  the  manu- 
facturers, but  were  unable  to  get  im- 
mediate delivery.  The  best  we  could 
find  was  a  second  hand  15  horse- 
power, 220  volt,  1675  >■•  P-  ru-  com- 
pound wound  motor.  When  we  got 
this  in  operation  we  found  that  the 
voltage  was  only  160,  due  to  the  fact 


that  the  speed  of  the  induction  motor 
was  too  low.  In  order  to  raise  the 
voltage,  we  put  the  fields  in  parallel- 
series,  and  put  three  100  watt  lamps 
in  series  with  the  field.  This  brought 
the  voltage  up  to  about  220  volts. 
The  ammeter  showed  2.5  amperes. 
The  fields  seemed  to  be  taking  about 
half  of  the  wattage,  and  the  lamps 
the  other  half.  If  we  put  13  pounds 
of  No.  25  copper  wire  on  the  four 
coils,  it  should  bring  the  voltage 
nearly  up  to  normal.  This  should 
add  about  0.5  ampere  to  the  field  cur- 
rent. We  have  a  rheostat  for  the 
machine  but  would  prefer  not  to  use 
it  if  we  can  get  the  voltage  near 
what  it  should  be.  Do  you  think 
that   this   would   remedy   the   trouble? 

H.D.    (MICH.) 

The  addition  of  13  pounds  of  No.  25 
copper  wire  to  the  shunt  field  coils  as 
they  are  now  connected  would  give  a 
voltage  of  220.  This,  however,  would 
not  be  satisfactory  on  account  of  the 
over-heating  of  the  coils  due  to  the 
small  size  of  copper.  By  putting  on 
new  coils  using  72  pounds  of  No.  19 
copper  wire,  2500  turns  per  coil,  you 
would  get  approximately  220  volts.  It 
would  be  better,  however,  to  use  90 
pounds  of  No.  18  wire,  2400  turns  per 
coil.  This  would  give  240  volts,  and  by 
using  your  rheostat  you  could  adjust 
the  voltage  to  the  desired  value.  In 
putting  on  new  coils  care  should  be 
taken  to  have  the  air-gap  the  same  as 
it  is  now,  i.  c,  one-fourth  inch  total 
gap.  If  the  old  shunt  coils  are  disposed 
of  as  scrap  copper  the  cost  of  putting 
on  new  coils  will  be  but  very  little  more 
than  the  cost  of  adding  wire  to  the 
present  coils.  l.w.s. 


1564  —  Grounding  Alternators  —  Will 
you  advise  regarding  the  best  practice 
of  grounding  generators?  In  a  sta- 
tion there  are  two  2400  volt  gener- 
ators, 3500  k.v.a.  each,  which  have  a 
single  circuit  Y-winding.  The  voltage 
is  stepped  up  to  35  000  volts.  The 
transformers  are  connected  •  delta  on 
both  sides  at  generator  and  receiving 
ends.  The  generators  are  not  now 
grounded  and  would  like  to  know  if 
they  should  be.  If  they  should  be 
grounded  would  it  be  better  to  have 
only  one  grounded  at  any  one  time? 
Would  it  also  be  good  practice  to  put 
an  automatic  oil  switch  in  the  ground 
connection,  so  that  in  case  of  ground 
on  one  phase,  this  oil  switch  would 
limit  the  current  and,  therefore,  the 
damage?  h.l.h.   (me.) 

(a)  With  reference  to  grounding 
generators,  there  are  two  methods.  In 
one  of  these,  provision  is  made  in  the 
grounding  rheostats  for  a  nominal 
value  of  current,  such  as  25  amperes, 
that  would  be  sufficient  to  operate 
relays  to  indicate  a  ground  condition  on 
the  system.  With  these  relays,  the 
operator  can  either  open  the  grounded 
circuit  or  apply  a  ground  connection 
to  the  particular  conductor  that  is 
grounded,  thus  eliminating  a  difference 
of  potential  between  the  conductor  and 
ground  outside  the  station.  (6)  The 
other  scheme  is  to  provide  for  a  ground- 
ing resistance  of  such  a  value  as  to 
permit  sufficient  current  to  flow  to  open 
the  circuit.  For  such  a  condition,  the 
grounding  resistance  is  generally  pro- 
portioned so  that  at  least  twice  the  cur- 
rent   setting    of    the    maximum     feeder 


flows  through  the  grounding  resistance. 

(c)  It  would  be  an  advantage  to 
ground  the  generators  on  the  system 
in  question,  and  also  to  ground  the 
neutral  of  the  high-tension  system 
either  through  a  grounding  trans- 
former or,  at  some  future  time,  through 
a  delta-star  connected  transformer. 
The  decision  as  to  the  number  of  gener- 
ators it  would  be  preferable  to  groimd, 
would  depend  on  the  characteristics  of 
these  machines.  For  units  having  simi- 
lar voltage  characteristics,  the  variation 
in  the  \oltage  wave  form  may  be  such 
that  a  considerable  third  harmonic 
would  circulate  in  the  winding.  For 
such  conditions  it  would  be  desirable  to 
ground  one  machine  or  provide  indi- 
vidual    rheostats      for     each     machine. 

(d)  We  do  not  consider  it  good  prac- 
tice to  put  an  automatic  oil  switch  in 
the  ground  connection,  but  recommend 
that  a  limiting  resistance  he  installed. 
See  also  the  article  on  "A  Study  of 
Three-Phase  Systems"  by  Chas.  Forte- 
scue  in  the  Journal  for  Sept.  '14,  p.  461. 

F.CH. 

1565 — Rewinding  Railway  Motor — I 
would  like  to  know  what  difference 
it  would  make  in  the  horse-power  and 
efficiency  of  a  Gramme  ring  railway 
armature  if  I  rewind  with  round  wire 
instead  of  flat.  The  armature  was 
wound  with  63  coils  of  strap  0.081  X 
0.163  inch,  five  turns  per  coil.  It  is 
a  wave-wound  machine,  the  commu- 
tator being  back  connected.  I  figured 
that  two  No.  12  B  &  S,  doubk-cotton- 
covered  wires  and  one  No.  13  B  &  S, 
double-cotton-covered  wire  paralleled 
■would  be  nearly  equivalent  to  the  flat 
wire.  I  can  get  five  turns  of  these 
three  paralleled  w-ires  in  the  slot  and 
through  the  spider.  Is  there  any  ob- 
jection to  this  scheme? 

C.M.L.    (UTAH) 

If  the  armature  is  rewound  as  stated, 
the  efficiency  will  be  higher,  due  to  the 
larger  cross-section  of  copper.  The 
horse-power  will  also  be  increased 
slightly  through  the  higher  efficiency. 
The  only  objection  is  that  the  larger 
cross-section  and  the  shape  of  the  coil 
will  leave  less  slot  space  available  for 
insulation.  w  A.c. 

1566 — Reiolite — Please  inform  me  about 
the  manufacture  of  Reiolite  which  is 
made  of  saw-dust  and  in  general  of 
lumber  waste,  but  I  do  not  know  if 
there  are  any  other  components,  and 
the  manner  of  making  it.  Reiolite  is 
used  for  the  construction  of  floors  on 
steamers,  restaurants,  etc.,  in  substi- 
tution of  stone,  to  which  it  is  similar 
but   lighter,  and   non-combustible. 

M.G.   (me.xico) 

There  are  a  number  of  compositions 
under  various  trade  names  which  are 
essentially  the  same  and  used  for  floors, 
wainscoting,  etc.  Reiolite  appears  to  be 
one  of  them.  M.irbeloid  is  another. 
In  general  they  are  made  up  of  wood 
fibre  or  saw-dust  with  about  an  equal 
proportion  of  silica,  i.  e.,  very  finely 
ground  quartz  sand  cemented  together 
with  what  is  known  as  magnesium  oxy- 
chloride  cement.  There  is  usually  a 
little  clay  present  in  the  composition 
and  some  chalk  with  perhaps  some 
other  material,  such  as  red  oxide  of 
iron  for  coloring  purposes.  These 
materials  in  general  stand  up  fairly  well 
indoors,   but   as  a   rule  are   not   suitable 
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to     withstand    weather    conditions.     A 
sample  analysis  is  as  follows : — 

HjO  —  Water   8.70  % 

Wood   Pulp    29.51  % 

SO:  —  Silica  21.13  % 

Al:  Oa  —  Clay   0.8.3  % 

Fe.  Oa  —  Iron  Ox 570  % 

Ca  O  —  Lime  2.37  % 

Mg  O  —  Magnesia   23.04  % 

Mg  CI:  —  Magnesia  Chloride  8.67  % 

R.P.J, 

1567— Magnetic  Qualities  of  Manga- 
nese Steel — What  are  the  magnetic 
qualities  of  manganese  steel  used  for 
the  wearing  parts  of  rock  crushers, 
steam  shovel  dippers,  etc.?  How 
does  its  permeability  compare  with 
carbon  steels  of  like  hardness? 

C.C.G.     (ARIZ.) 

The  magnetic  quality  of  high  manga- 
nese steel  used  in  rock  crushers  is  verj* 
poor.  In  most  cases  it  is  almost  non- 
magnetic. The  permeability  of  steel 
falls  off  progressively  with  increase  of 
manganese  and  becomes  non-magnetic 
between  II  and  14  percent.  High-car- 
bon steel  has  much  higher  permeability 
than  this  type  of  manganese  steel.  It 
also  has  a  wide  hysteresis  loop  and  con- 
siderable permanent  magnetism.      L.w.c. 

15O8 — Parallel  Operation  of  Belt- 
Driven  Altern.-\tors — It  has  been 
proposed  to  belt-drive  two  three- 
phase,  440  volt  generators  (one  of 
250  k.v.a.,  600  r.p.m.  and  the  other  of 
200  k.v.a.,  720  r.p.m.)  from  the  same 
line-shaft,  obtaining  the  correct  speeds 
by  proper  pulley  sizes.  As  it  is  de- 
sired   to    combine    their    outputs    by 


parallel  operation  at  the  switch-board, 
the  following  questions  suggest  them- 
selves : — After  synchronizing,  would 
not  one  machine  gradually  lead  the 
other  (due  to  variable  belt  slip,  non- 
exactness  of  pulley  diameters,  etc.) 
thus  causing  corrective  currents  to 
flow,  resulting  in  surges  between 
machines,  possibly  causing  the  circuit- 
breakers  to  open?  How  would  it  be 
possible  to  secure  load-adjustment  on 
either  machine,  when  their  relative 
lag  or  lead  is  non-adjustable? 

S.G.P.    (WASH.) 

There  should  be  no  difficulty  in  parcl- 
kling,  providing  reasonable  care  is 
taken  to  obtain  correct  pulley  ratios  and 
attention  is  given  to  belt  tension.  As- 
suming the  machines  to  be  synchronized, 
and  the  conditions  just  named  to  be 
met,  one  alternator  would  not  gradually 
lead  the  other.  Any  advance  in  phase 
of  one  machine  ahead  of  the  other 
w'ould  be  followed  by  an  increased  load 
on  that  machine;  the  increased  torque 
would  cause  greater  belt  slippage,  and 
result  in  the  machine  settling  back  to 
its  normal  relative  phase  position. 
While  it  is  conceivable  that  some  in- 
fluence might  throw  the  alternators 
slightly  apart  in  phase  momentarily  and 
result  in  oscillations  about  the  mean 
position,  such  oscillations  would  die  out 
very  quickly  on  account  of  the  powerful 
damping  action  of  the  belts.  Cumula- 
tive surges  of  current  between  the 
machines  are,  therefore,  not  to  be  ex- 
pected. Regarding  the  adjustment  of 
the  load  division  between  the  two  alter- 
nators, the  only  way  this  can  be  done  is 
by  varying  the   belt   tension.     Such   ad- 


justment may  be  required  to  some  ex- 
tent, because  of  difference  in  the  belts ; 
for  example,  changes  in  the  w^eather 
may  affect  the  two  belts  unequally. 

F.L.M. 

1569 — Alternating-Current  and  Di- 
rect-Current ON  Same  Circuit — Is  it 
possible  to  run  direct-current  and  al- 
ternating-current banks  of  lights  on  a 
three-wire  circuit  at  different  volt- 
ages as  shown  in  Fig.  (a),  both  banks 
of  lights  being  lighted  at  the  same 
time,  if  neither  side  is  grounded? 

A.B.S.       (MINN.) 

It  is  possible  to  operate  lights  from  a 
circuit  as  shown  in  Fig.  (a).  You  must 
not  consider,  however,  that  this  is  an 
ordinary  three-wire  circuit  and  hence 
that  the  neutral  can  be  of  smaller  wire 
than   the   outside  lines.     The  current   in 


fig.  1569(3) 

the  middle  wire  at  any  point  will  be 
equal  to  the  square  root  of  the  sum  of 
the  squares  of  the  direct-current  and  the 
r.m.s-  or  effective  value  of  the  alternat- 
ing-current. The  actual  current  capacity 
at  any  point  could  be  determined  from 
this  rule  and  from  the  number  of  lamps 
which  would  be  fed  by  the  wire  on  each 
circuit  at  any  particular  point.  L.w.c. 


''Circle  V  Safety  Service  ^\ 

EXTERNALLY  OPERATED  KNIFE  SWITCHES 


"Safety  Service"  Knife  Switches  can  be 
operated  safely  by  any  kind  of  inexperi- 
enced labor.  No  danger  of  shock  in  renew- 
ing fuses  or  in  opening  and  closing  switch. 


Catch  prevents  switch  from  being  connected  until 
co\er  is  closed 


"SAFETY  SERVICE"  FEATURES 

1.  Bo.x  cannot  be  opened  until  Switch  is  disconnected. 

2.  Switch  cannot  be  connected  until  Box  is  closed. 

Hence  it  is  always  impossible  at  any  time  to  come  in  touch  with  a  live  closed  Switch, 
'il^c'^o?"  Send  for  our  "Safety  Service'  BuHefin. 

THE  TRUMBULL  ELECTRIC  MFG.  CO. 
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The    purpose    ot    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies   throughout   the    country. 


The    CO  operation    of    all    those    interested    in 
operating  and  maintaining  railway  equipment 
is   invited.     Address  R.  O.  D.   Editor. 


Railway  Motor  Bearings 


Railway  motor  bearings  are  of  the  ball,  roller  or  sleeve 
type,  the  latter  having  been  used  almost  entirely  in  the  past. 

BALL  BEARINGS 

A  ball  bearing  consists  of  a  train  of  hardened  steel  balls, 
equally  spaced  by  a  cage  and  mounted  between  inner  and  outer 
hardened  steel  races.  The  inner  ball  race  is  forced  on  the 
journal  with  a  light  press  fit  while  the  outer  race  engages  the 
housing  bore  by  merely  a  "sucking"  fit.  As  the  journal  turns 
the  balls  rotate,  making  a  point  contact  on  the  inner  and  outer 
hardened  steel  races.  The  inner  race  should  not  turn  on  the 
journal  while  in  general  it  is  considered  desirable  for  the 
outer  race  to  crawl  in  the  housing  seat,  to  distribute  the  wear, 
due  to  the  balls,  uniformly  over  the  ring. 

ROLLER  BEARINGS 

Roller  bearings  are  similar  in  constiuction  to  ball  bearings 
excepting  that  instead  of  balls,  a  train  of  hardened  steel  rollers 
is  used,  forming  a  line  contact  with  the  hardened  steel  races. 

Both  the  above  types  of  bearings  are  packed  with  a  grease 
or  lubricated  with  oil  to  reduce  friction.  When  properly  lu- 
bricated and  protected  from  dust  and  dirt,  both  starting  and 
running  friction  are  reduced  to  a  minimum  and  it  is  btlieved 
such  bearings  will  give  a  long  life  in  service,  requiring  little 
attention,  providing  they  are  not  damaged  mechanically. 


alloy.  Other  factors,  such  as  first  cost,  cost  of  repair,  and  the 
experience   of   the   operating  man   enters   into  this   selection. 

Babbitt  metal  used  to  line  railway  motor  bearings  consists 
either  of  a  tin  b.Tse  or  of  a  lead  base  alloy;  in  other  words  the 
bearing  metal  should  be  an  alloy  composed  of  at  least  80  to  90 
percent  tin  or  lead  respectively.  Both  classes  give  good  service 
if  properly  handled  during  the  melting  and  pouring  process. 

Ftmshcs—V\!here  large  numbers  of  bearings  of  the  same 
size  are  used,  sufficient  to  support  the  expense  of  special  tools, 
the  surface  obtained  by  broaching  will  be  found  most  satisfac- 
tory. With  most  operating  companies  it  is  the  common  prac- 
tice to  machine  armature  bearings  after  re-babbitting.  Some 
master  mechanics  consider  this  unnecessary  and  babbitt  their 
bearings  to  exact  size.  Whichever  method  is  used,  it  is  cus- 
tomary to  scrape  the  babbitt  to  get  a  uniform  bearing  surface. 

.Axle  hearings,  when  not  lined  with  babbitt,  are  given  a 
machined  finish  and  this  surface  is  tinned  to  fill  up  the  small 
irregularities  thus  helping  the  bearing  seat  itself  while  new. 
Some  operators  do  not  consider  this  tinning  necessary.  When 
axle  bearings  are  lined  with  babbitt  they  should  be  machined 
to  get  best  results  in  service,  although  it  is  the  practice  of  some 
operators  to  babbitt  to  exact  size  and  fit  by  scraping. 

Method  of  Holding — In  addition  to  a  press  fit  of  from 
three  to  five  tons,  keys  are  most  commonly  used  to  prevent  the 
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SLEEVE  BEARINGS 

A  sleeve  or  plain  bearing  can  be  either  a  split  or  solid 
cylinder  of  a  hard  metal  lined  with  babbitt,  or  a  split  or  solid 
cylinder  of  babbitt  or  bronze  material  not  lined.  It  should  have 
enough  clearance  over  the  journal  to  allow  a  thin  film  of  oil 
to  form  between  the  journal  and  the  bearing  to  float  the 
journal.  With  this  type  of  bearing  the  running  friction  is  re- 
duced to  a  minimum,  if  the  film  of  oil  is  cor.stantly  maintained 
and  is  free  from  dirt,  although  the  starting  friction  is  compara- 
tively high.  The  bearing  will  last  for  a  number  of  years  if  it  is 
not  damaged  mechanically.  As  this  is  the  type  of  bearing 
most  commonly  used  it  will  be  described  in  detail. 

Construction — To  allow  bearings  to  be  removed  without 
taking  off  the  pinion  most  of  the  older  motors  are  provided 
with  split  armature  bearings  at  both  the  commutator  and  pinion 
ends.  Due  to  improved  lubrication,  with  a  resulting  increased 
life  of  bearings,  all  modern  motors  use  solid  bearings  at  both 
ends.  This  gives  a  much  better  mechanical  design,  which  does 
not  require  frequent  renewals.  The  pinion  end  bearings  are 
always  larger  than  those  on  the  commutator  end. 

Axle  bearings  are  always  made  in  two  halves,  so  they  can 
be  removed  without  taking  the  gear  and  wheels  off  the  axle. 
The  commutator  end  and  pinion  end  bearings  are  of  the  same 
size  and  in  the  modern  box  type  motors  are  interchangeable. 

Material — The  most  common  types  of  armature  bearings 
are  made  of  either  a  bronze,  or  a  malleable  iron  shell  lined  with 
babbitt.  The  babbitt  lining  of  a  bronze  shell  is  less  than  the 
single  air-gap  in  thickness,  so  as  to  save  the  armature  core 
from  rubbing  on  the  pole  pieces,  should  there  be  excessive 
wear,  or  the  babbitt  melt  out  of  the  shell  due  to  a  hot  bearing. 

Depending  primarily  upon  the  size  of  the  axle  and  the  size 
of  the  axle  bearing  seat  in  the  motor  frame,  axle  bearings  are 
made  of  either  bronze  tinned  or  malleable  iron  lined  with  a  soft 


armature  bearings  from  turning  in  the  housing.  Most  of  the 
older  motors  without  housings  have  their  bearings  held  from 
turning  by  means  of  a  dowel  in  addition  to  the  clamping  action 
of  the  frame.  Depending  largely  upon  the  size  and  location  of 
the  lubricating  openings,  axle  bearings  are  held  from  turning 
by  a  dowel  or  a  key,  as  well  as  by  the  clamping  fit  of  the  axle 
caps.  Dowels  in  the  flange  or  shoulder  of  the  bearing  shell  are 
being  used  successfully  in  the  more  modern  motors.  Special 
forms  of  lugs  cast  on  the  bearings,  or  the  use  of  plates  inserted 
between  the  two  halves  of  the  bearings,  have  given  satisfactory 
results  in  service,  but  are  difficult  to  manufacture. 

Wmdozvs — The  size  and  location  of  openings  in  the  bear- 
ings for  lubrication  depend  upon  the  method  of  lubrication 
and  upon  the  distribution  of  the  pressure  between  the  journal 
and  bearing.  It  is  desirable  to  locate  these  openings  or  win- 
dows at  the  point  of  least  pressure  to  permit  the  feeding  of 
oil  between  the  journal  and  the  bearing. 

Clearances  which  are  considered  good  practice  for  railway 
motors  using  grease,  or  oil  waste  lubrication,  are : — 

Up  to  and  not  including  3.5  inches 0.006  in.  1.  in.  0.008  in.  max. 

From  3.5  up  to  and  rot  includinR  4  inches  ..  .0.008  in.  min.  to  0.012  in.  max. 
From  4  inches  up  to  and  inclu  ling  7  inches  ..  0.012  in.  min.  to  O.OIt>  in.  n.ax. 

Oil  Grooves — -Oil  grooves  are  machined,  cut  or  moulded  in 
armature  bearings  so  as  to  help  the  oil  to  enter  and  more  evenly 
distribute  itself  throughout  the  hearing.  In  general  they  are 
not  required  in  the  case  of  axle  bearings,  on  account  of  the 
slow  speed  and  low  pressure.  The  sharp  edges  at  the  split  of 
axle  bearings  should  be  beveled  to  prevent  wiping  away  of  the 
oil  film  by  these  edges,  but  this  bevel  should  not  extend  to  the 
ends  of  bearings  as  it  would  drain  off  and  waste  too  much  oil. 
It  is  good  practice  to  round  off  or  bevel  the  edges  of  the 
windows  in  both  armature  and  axle  bearings  to  encourage  the 
flow  of  oil  into  the  bearing  surface. 
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The    time     will     undoubtedly    come 

Black  when  a  differentiation  will  be  made 

vs  between   those   natural    resources   of 

White  Coal  the  country  which  are  practically  in- 
exhaustible and  those  which,  once 
used,  are  gone  forever.  Our  coal  supply  is  of  the  latter 
classification — ^only  a  certain  amount  exists  in  the  sur- 
face of  the  earth.  Each  ton  consumed  is  irreplaceable 
and  any  that  is  wasted  or  left  in  the  mine  when  it  is 
abandoned  is  lost  to  future  usefulness.  Coal,  therefore, 
is  a  natural  resource  which  should  be  consumed  with 
the  limitation  of  its  temporal  character  well  in  mind. 
Its  use  is  a  matter  in  which  the  government  should  take 
a  watchful  interest. 

"\\'hite  coal"  on  tlie  other  hand  is  self -perpetuat- 
ing. The  water  is  lifted  by  natural  forces  continu- 
ally, after  which  a  hydraulic  power  installation  con- 
stitutes merely  a  convenient  means  of  allowing  the 
force  of  gravity  to  exert  itself  usefully.  There  is  no 
exhaustion  of  the  supply  through  continuous  use  and  no 
virtue  is  taken  from  the  water  by  making  it  pay  toll  in 
the  form  of  useful  work.  Likewise  nothing  is  conserved 
to  posterity  by  allowing  water  to  flow  freely  from  the 
mountains  and  the  lakes  to  the  sea. 

Why  then  should  we  go  on  using  up  black  coal  with 
white  coal  within  easy  reach  of  power  users.  With  a 
possible  55  ooo  ooo  horse-power  of  undeveloped  water 
power  in  the  United  States,  with  a  maximum  of 
6  ooo  ooo  horse-power  available  at  Niagara  Falls  alone, 
after  liberal  discounting  for  developments  not  feasible, 
one  does  not  need  to  be  much  of  an  engineer  to  realize 
that  enormous  savings  in  coal  consumption  are  possible. 
Thus,  if  Niagara  Falls  were  fully  utilized,  it  is  esti- 
mated that  one  million  tons  of  coal  would  be  saved  an- 
nually. 

Under  present  conditions,  the  use  of  coal  for 
power  involves  more  than  the  burning  of  the  fuel  in 
power  plants — there  is  a  sort  of  pyramiding  effect.  The 
coal  must  be  dug  from  the  mines,  which  involves  coal 
consumption,  it  must  be  transported,  usually  in  cars, 
involving  still  further  coal  consumption,  and  the  loco- 
motives and  cars  must  be  built  for  the  pui-pose,  which 
necessitates  more  coal  for  manufacturing  railway 
equipment,  since  every  ton  of  steel  requires  a  ton  of 
coal  for  its  manufacture.  On  the  other  hand,  hydro- 
electric power  can  be  used  to  operate  railways,  thus 
eliminating  a  further  unnecessaiy  consumption  of  coal. 
Again,  the  consumption  of  coal  which  might  be  saved 
by  use  of  the  water  power  also  takes  up  the  energies 
of  men  all  along  the  line  who  might  be  more  usefully 
employed  in  other  lines  of  work. 


When  it  comes  to  the  economics  of  power  gener- 
ation, which  govern  largely  in  ordinary  corporation 
procedure,  there  is  a  mistaken  impression,  as  explained 
by  Mr.  Townley  in  this  issue  of  the  Journal,  that  water 
power  per  se  is  cheaper  than  steam  power.  This  is  an 
impression  that  will  not  hold  water,  generally  speaking. 
The  probable  economic  success  of  a  hydroelectric  de- 
velopment is  dependent  upon  the  relation  of  its  costs  to 
those  of  a  corresponding  steam  supply.  If  its  total 
costs  are  materially  lower  than  for  steam,  investors  may 
look  on  it  with  favor;  but  if  the  margin  is  quite  small, 
experienced  investors  will  be  likely  to  recall  that  steam 
economics  have  improved  enormously  in  the  past  fifteen 
years  and  that  the  end  of  such  improvement  has  not 
yet  been  reached.  In  fact,  it  might  ver}'  easily  be  the 
case  that  a  hydroelectric  plant,  installed  fifteen  years 
ago  with  some  apparent  saving  over  the  then-existing 
type  of  steam  plant,  might,  in  competition  with  a  pres- 
ent day  steam  plant,  be  operating  at  a  decided  disadvan- 
tage. All  of  these  factors  should  be  given  adequate 
consideration  in  formulating  a  broad  general  policy, 
looking  towards  the  full  utilization  of  our  hydroelectric 
possibilities. 


jy.  Standardization  of   clothing — it  is  a 

j^   J  unique  idea.     Nevertheless  standard- 

pi   ...  ized   clothing   could   undoubtedly   be 

produced  at  less  cost  than  is  possible 
with  the  bewildering  variety  of  models  now  offered; 
and  a  consideration  of  the  idea,  as  pointed  out  by  Mr. 
W.  H.  Easton  in  this  issue  of  the  Journal,  affords  a 
clearer  insight  into  a  business,  large  in  the  aggregate, 
which  has  been  almost  entirely  passed  by  in  the  present- 
day  tendency  toward  the  combination  of  small  plants 
into  a  few  huge  factories. 

As  a  result  of  the  extreme  diversity  of  output 
throughout  the  clothing  business  and  the  consequent 
multiplicity  of  relatively  small  shops  all  working  along 
the  same  general  lines  but  producing  different  models 
and  styles,  it  has  been  necessary  to  apply  to  compara- 
tively small  establishments  the  same  manufacturing 
methods  which  have  minimized  production  expenses 
in  the  larger  factories.  This  is  exclusively  the  field  of 
electricity.  The  application  of  power  to  such  small 
units  by  any  other  means  is  impracticable  from  the 
standpoint  of  both  initial  and  operating  costs,  safety, 
cleanliness  and  noise.  The  supplanting  of  the  sweat 
shop  by  the  modern  light,  cleanly  and  well-ventilated 
shop,  with  its  relatively  easy  labor  is  only  possible  be- 
cause of  the  motor-operated  sewing  machine,  the  ven- 
tilating fan,  the  electric  iron  and  the  electric  lamp. 
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Cai.vert  Townlicv 

Assistant  to  the  President 

Westinghouse  Klectric  &  Mfg.  Co. 

NOTWITHSTANDING  marked  improvements  in  markets, 
the  design  and  construction  of  high-voltage  long- 
distance transmission  lines  and  in  spite  of  other 
advances  in  the  art  which  have  made  commercial  the 
transmission  of  power  over  longer  and  longer  distances, 
for  a  period  of  ten  years  that  branch  of  the  electrical 
industrj'  has  lagged  far  behind  others.  The  substitu- 
tion of  water  for  steam  pov.er  would,  of  course,  con- 
serve coal  and  would  also  release  for  other  uses  the 
labor  which  mines  that  coal  and  the  extensive  transpor- 
tation equipment,  including  the  labor  operating  it,  now 
occupied  by  such  coal.  In  the  midst  of  a  coal  famine 
and  of  what  may  later  turn  out  to  be  a  labor  famine,  to 
say  nothing  of  insufficient  railroad  facilities,  these  facts 
naturally  acquire  greatly  increased  importance,  and  it 
may  be  interesting  to  inquire  the  reason  why  more  water 
powers  are  not  being  developed  and  to  analyze  some 
of  the  conditions. 

Broadly,  it  is  fair  to  say  that  two  principal  causes, 
each  (juite  distinct  in  itself,  are  largeh-  responsible  for 
the  existing  stagnation.  One  is  the  very  great  improve- 
men  in  the  efficiency  of  steam  prime  movers  and  the  re- 
duction in  their  first  cost,  and  the  other  is  the  burden- 
some conditions  imposed  by  existing  Federal  laws.  The 
maximum  price  at  which  hydroelectric  power  may  be 
sold  is  usually  fixed,  not  arbitrarily  by  any  State  or 
Federal  Commission  but  quite  naturally  by  the  cost  of 
the  equivalent  steam  electric  service.  Further,  as 
hydroelectric  power  carries  the  hazard  of  interruption 
by  drought  and  lightning  in  summer,  ice  in  the  winter 
and  floods  in  the  spring,  and  as  the  operation  of  a  long 
transmission  line  may  introduce  serious  voltage  fluctu- 
ations, it  is  fair  to  say  that  such  power  is  inferior  to 
that  furnished  by  steam  in  every  particular  except  cost 
so  that  in  order  to  prevail  against  competition,  hydro- 
electric power  must  not  only  meet  the  cost  of  steam 
electric  service,  but  it  must  be  cheaper. 

The  operating  and  maintenance  cost  of  the  gener- 
ator room  of  a  modern  steam  plant  is  fairly  comparable 
with  that  of  a  modern  water  power  plant  and,  while  a 
too  broad  generalization  might  lay  itself  open  to  accus- 
ations of  inaccuracy,  it  is  perhaps  not  far  wrong  to  say 
that  the  operation  and  maintenance  cost  of  a  boiler 
room,  omitting  fuel,  is  likewise  fairly  comparable  with 
the  cost  of  that  of  the  hydraulic  part  of  the  develop- 
ment and  of  patrolling,  operating  and  maintaining  the 
transmission  lines.  In  comparing  the  total  costs  of  the 
two  kinds  of  power,  therefore,  we  may  set  up  the  cost 
of  fuel  on  one  hand  against  higher  fixed  charges  due  to 
a  greater  investment  on  the  other.  The  cost  of  fuel 
per  kilowatt-hour  output,  of  course,  will  vary  over  a 
wide  range,  even  in  the  most  modern  stations,  depend- 
ing on  the  size  of  the  units  installed  and  the  load  fac- 
tors. The  fixed  charges  per  unit  of  capacity  of  a 
hydroelectric  system  vary  over  a  still  wider  range  due 
to  the  obvious  topographical  differences  between  dif- 
ferent   power    sites    and    their    distances    from     their 


A  fair  average  statement  would  be  that  the 
total  cost  of  a  hydroelectric  system  per  unit  of  capacity 
is  from  two  to  five  times  as  much  as  that  of  a  steam 
electric  development  of  corresponding  size.  To  get 
some  concrete  figures  for  jiurposes  of  illustration,  as- 
sume for  coal  costs  a  maximum  of  $4.00  and  a  mini- 
mum of  $2.00  per  short  Ion,  for  steam  duty  a  maximum 
of  three  pounds  and  a  mininmm  of  1.5  pounds  per  kilo- 
watt-hour output  and  that  the  plant  or  output  factor 
varies  between  the  limits  of  30  and  50  percent.  Under 
these  assumptions,  the  cost  of  coal  per  year  per  unit  of 
installed  capacity  will  vary  between  the  limits  of  $26.28 
maximum  and  $3.94  minimum  and  with  the  assump- 
tions made,  therefore,  these  coal  costs  indicate  the 
limits  of  additional  fi.xed  charges  beyond  which  a 
hydroelectric  s}"stem  cannot  go  and  compete. 

In  the  light  of  the  foregoing,  if  the  total  fixed 
charges,  interest,  taxes,  insurance  and  amortization  fall 
between  the  limits  of  10  and  15  percent,  the  correspond- 
ing excess  first  costs  of  the  hydroelectric  system  over 
those  of  corresponding  steam  plants  must  come  between 
a  maximum  of  $262.80  and  a  minimum  of  $26.27.  A 
hydroelectric  system  which  will  cost  not  more  than 
$26.27  per  kilowatt  capacity  over  that  of  an  equivalent 
steam  system  is  so  rare  that  it  may  be  said  to  be  prac- 
tically non  existent,  while  on  the  other  hand  many  such 
installations  if  built  would  exceed  the  upper  limit  of 
$262.80.  In  such  cases  the  water  developinent  becomes 
a  commercial  prospect  only  if  the  cost  of  coal  for  com- 
peting service  be  higher  or  the  prospect  of  a  greater 
output  factor  be  reasonably  certain  or  if  some  other  op- 
erating or  maintenance  condition  be  more  favorable. 
Lest  any  one  be  confused  by  die  introduction  of  con- 
crete figures  into  an  abstract  discussion  it  is  repeated 
that  they  are  for  purposes  of  illustration  only  and,  while 
believed  to  represent  not  unusual  conditions,  are  not  put 
forward  in  any  sense  as  ultimate  limits. 

It  should  be  borne  in  mind  that  I  am  referring  to 
pre-war  conditions  and  that  fifteen  years  has  seen  the 
cost  of  the  steam  electric  plant  divided  by  three  and  its 
thermal  efficiency  increased  b}'  50  percent.  Steam 
power,  therefore,  is  now  a  much  more  dangerous  com- 
petitor than  formerly  and  many  water  developments 
which  might  have  competed  against  steam  in  1900  can- 
not prevail  against  its  reduced  cost  today.  There  is 
every  indication  that  improvement  will  continue  and 
that  the  cost  of  producing  steam  power  will  keep  on 
falling  in  spite  of  the  ever-increasing  price  of  fuel. 

All  these  facts  make  it  necessary  to  scrutinize  even 
more  carefully  than  ever,  each  hydroelectric  possibility 
because,  while  there  are  of  course  many  undeveloped 
sites  which  when  properly  treated  would  yield  hand- 
some returns,  the  only  way  to  separate  the  meritorious 
from  the  commercially  impracticable  projects  is  by  the 
most  careful  and  thorough  expert  examination.  As  I 
have  often  stated  in  the  past,  the  more  I  study  water 
power,  the  greater  respect  I  have  for  steam. 
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There  is  a  wide-spread  deeii-rooted  conviction  in 
the  minds  of  the  general  public  that  because  falUng 
water  itself  is  free,  electric  power  generated  from  such 
falling  water  similarly  costs  little  or  nothing  to  the  pro- 
ducer and  therefore  any  one  who  can  acquire  possession 
of  a  water  power  site  is  in  a  fair  way  to  make  his  ever- 
lasting fortune.  Some  nine  years  ago  the  then  Secretary 
of  the  Interior  withdrew  from  entry  a  large  number  of 
water  power  sites  on  the  public  domain  and  revoked 
permits  previously  granted  for  the  development  of  other 
sites,  many  of  which  had  been  developed  and  were  in 
operation.  The  intent  of  this  action,  clearly  shown  in 
the  order  of  revocation,  was  to  reissue  corresponding 
permits  upon  terms  more  advantageous  to  the  Govern- 
ment. If  one  Secretary  could  do  this,  obviously  suc- 
ceeding Secretaries  might  continue  to  repeat  the  pro- 
cess indefinitely  and  the  action  therefore  caused  much 
consternation  and  effectually  dispelled  the  previous 
feeling  of  confidence  that  permittees  need  not  fear  the 
revocable  clause.  To  make  this  situation  clear  it  should 
be  stated  that  a  permit  to  develop  water  power  on  the 
public  domain  may  only  issue,  subject  to  revocation, 
without  reimbursement  by  any  Secretary  of  the 
Interior.  An  investor,  therefore,  has  no  assurance  that 
the  usefulness  of  his  property  may  not  be  destroyed 
over  night.  Inasmuch  as  70  percent  of  the  un- 
developed water  power  in  the  United  States  is  in  thir- 
teen western  states  where  over  two-thirds  of  all  the  land 
itself  is  owned  by  the  Federal  Government,  the  effect 
of  this  revocable  requirement  in  deterring  capital  from 
seeking  investment  in  hydroelectric  projects  becomes 
apparent.  In  the  case  of  a  navigable  stream,  the  law 
prohibits  construction  without  a  special  act  of  Congress 
for  each  individual  development.  While  this  has  been 
done  occasionally,  the  task  is  appalling  to  contemplate 
and  the  net  result  has  been  practical  stagnation. 

It  is  not  disputed  that  private  sources  must  be  re- 
lied upon  for  the  capital  needed  to  construct  hydroelec- 
tric systems.  It  is  no  longer  seriously  contended  that 
existing  law  is  adequate  and,  as  is  well  known,  remedial 
bills  have  been  introduced  into  every  session  of  Con- 
gress for  many  years.  These  facts  are  encouraging 
but  there  is  still  a  grave  danger  that  a  law  may  be  en- 
acted which,  while  expected  by  its  proponents  to  accom- 
plish the  desired  result,  in  reality  will  not  do  so.  The 
basic  trouble  arises  from  the  above  named  mistaken 
conviction  that  water  power  development  and  operation 
are  unduly  profitable  and  that  the  general  public  as 
owners  and  a  section  of  them  as  power  users  offer  a 
tempting  field  for  exploitation  by  monopolistic  pro- 
moters. There  are  imdoubtedly  water  powers  suffi- 
ciently favored  where  unrestricted  financing  and  un- 
regulated power  rates  would  afford  opportunity  to  do 
this  and  greedy  promoters  might  take  advantage  of 
such  conditions.  There  are  unscrupulous  men  in  all 
walks  of  life,  even  sometimes  in  the  Government  ser- 
vice, as  witness  the  advantage  taken  of  a  technicality  to 
require  the  railroads  to  transport  the  enormously 
greater  bulk  of  parcel  post  matter  without  any  addi- 
tional  compensation   whatever.      But   to   throttle   and 


practically  stop  the  use  of  a  natural  resource  like  water 
power  through  inability  to  devise  means  for  preventing 
abuse  is  a  confession  of  incompetent  stewardship  and 
presents  a  spectacle  of  disturbing  inefficiency  which  is 
discouraging  to  contemplate. 

Coal  is  another  natural  resource.  Suppose  the 
Government  were  to  say  that,  because  coal  barons  had 
profited  unduly,  no  one  might  mine  coal  except  under 
impossible  financial  restrictions.  The  example  is  not 
so  very  different  because  the  latentenergy  in  one-half  of 
the  undeveloped  water  power  now  being  wasted  would 
supplant  at  least  126000000  tons  of  coal  per  year. 

In  the  matter  of  hydroelectric  power  on  the  public 
domain,  the  Government  is  in  the  position  of  seeking  to 
have  its  resources  developed  without  contributing  either 
its  capital  or  credit.  It  would  be  unfortunate  if  the 
Government  .should  be  put  in  the  position  of  bargaining 
with  capital  and  of  offering  just  sufficient  incentive  not 
to  induce  investment,  so  that  the  present  condition  of 
stagnation  would  continue.  The  fundamental  require- 
ments of  capital  are  security  and  profit.  The  greater 
the  security  the  more  numerous  are  the  sources  of  sup- 
ply and  the  lower  the  rates  demanded.  That  is  to  say, 
the  project  becomes  more  of  an  investment  and  less  of 
a  speculation.  Lower  rates  are  reflected  in  the  cost 
of  power  and  therefore  stimulate  its  use.  The  greater 
the  profit  the  more  easily  may  money  be  secured  and  the 
greater  the  incentive  to  accelerate  expansion.  The 
people  through  the  Government  desire  economical  and 
rapid  development,  good  service  and  low  rates.  Se- 
curity of  investment  is  enhanced  by  economic  develop- 
ment and  good  service,  while  low  rates  attract  custom- 
ers, increase  demand  and  hasten  extensions.  All  of  these 
desiderata — on  both  sides — go  hand  in  hand.  There  is 
nothing  antagonistic  between  any  two.  The  best  pro- 
tection for  the  investor  is  full  information,  and  our 
regulatory  commissions  long  ago  devised  accounting 
methods  and  now  regularly  require  sworn  reports  of 
assets  and  liabilities  which  are  ample.  These  same 
commissions  afford  abundant  protection  to  the  power 
user  against  extortionate  rates.  Once  a  power  enter- 
prise is  successfully  established,  it  is  to  every  one's  in- 
terest that  it  be  continued  indefinitely.  Any  provision 
for  future  possible  interruption  by  confiscation  or  re- 
capture operates  as  just  so  much  of  a  hazard  to  the  in- 
vestor which  is  reflected  in  an  increased  power  rate. 

I  regard  both  the  economic  and  the  legislative  con- 
ditions as  fraught  with  grave  dangers  to  the  extensive 
use  of  our  undeveloped  powers.  Construction  costs  are 
rising — money  rates  have  advanced  and  the  demands 
for  improved  service  are  becoming  more  and  more  ex- 
acting as  against  a  steadily  declining  cost  of  power  and 
a  constantly  improving  sei-vice  from  competing  prime 
movers;  while  even  those  who  have  striven  most 
valiantly  to  correct  existing  legislative  faults  have  been 
induced  by  the  arguments  of  expediency  to  yield  point 
after  point  until,  even  should  their  full  present  requests 
be  granted,  the  resulting  law  will  fall  far  short  of  that 
which  would  bring  about  the  maximum  possible  benefit 
to  our  countrv. 
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William  H.  Easton 

THE  garment-making  industry,  while  by  no  means 
the  largest  in  the  United  States,  is  nevertheless 
among    the    most    important,    for    it    comprises 
about  25  000  factories,  gives  employment  to  over  600 
000  people  and  produces  annually  several  billion  dollars 
w^orth  of  goods.     It  is,  therefore,  sufficiently  large  to 
be  of  interest  to  both  the  central  station  and  the  elec- 
trical manufacturer.     But  in  addition  to  its  mere  size, 
there   is   another   reason   why   this   industry   forms   an 
especially  good  field  for  the  sale  of  electrical  equipment 
and  current,  in  that  the  electric  motor  is  the  only  prac- 
ticable drive  for  the  sewing  machine,  which  is  the  basis 
of  the  industry.     Foot-power  has  long  been  abandoned 
and  engine  drive  is  unsatisfactory  owing  to  the  compli- 
cation of  belts  it  involves.     Indeed,  the  use  of  exposed 
belts  in  garment  factories  is  forbidden  by  law  in  several 
states,  in  the  interest  of  safety  to  the  women  workers. 
The    horse-power    requirements    per    factory    are    not 
large,  five  horse- 
power being  the 
average      motor 
installation,  but 
since  each  fact- 
ory requires  also 
a   number    of 
lights,    several 
pressing  irons 
and  cloth  cutting 
machines,   and 
usually    some 
electric  fans,  the 
total  load  is  very 
satisfactory. 

CONDITIONS   OF 
THE  INDUSTRY 

Garment-mak- 
ing factories  are 
those  that  cut  up 

cloth  and  sew  it  into  desired  forms,  as  in  the  manufac- 
ture of  suits,  coats,  dresses,  waists,  skirts,  shirts,  collars 
and  cufifs,  neckwear,  corsets  etc.,  but  not  including  those 
making  knit  goods,  shoes,  hats,  and  other  articles  which 
are  produced  by  quite  different  processes.  On  the  other 
hand,  the  manufacture  of  tents,  awnings,  sheets  and  pil- 
low-cases, casket  trimmings,  window-shades,  and  um- 
brellas is  closely  related  to  garment  making,  since  these 
industries  are  likewise  dependent  on  the  sewing  ma- 
chine and  present  similar  manufacturing  conditions. 

All  this  work  is,  in  general,  highly  specialized. 
There  are  a  few  large  factories  that  manufacture  a 
number  of  different  articles,  but  as  a  rule  each  estab- 
lishment devotes  itself  to  a  single  item,  such  as  petti- 
coats, children's  rompers,  or  even  button-holes.  It  is 
for  this  reason  that  the  average  horse-power  per  instal- 
lation is  so  small. 


Heretofore  the  garment  maker  has  been  chiefly 
concerned  with  problems  of  design.  Novelties  and 
changes  in  fashion  have  been  the  life  of  the  trade  and 
the  best  insurance  for  a  successful  season  was  to  be  the 
first  to  strike  a  popular  note.  But  the  war  has  had  its 
effect  here,  as  elsewhere.  The  present  enormous  out- 
put of  uniforms,  which  must  be  of  good  quality  but 
produced  as  rapidly  and  as  cheaply  as  possible,  has  in- 
troduced new  manufacturing  methods,  and  at  the  same 
time  economic  conditions  are  tending  towards  standard- 
ization of  clothes  for  civilians.  Whether  or  not  such 
garments  will  be  generally  acceptable  is  uncertain,  for 
from  time  immemorial  people  have  insisted  on  individ- 
uality in  their  wearing  apparal.  At  all  events  the  gar- 
ment maker  will  have  to  pay  considerably  more  atten- 
tion in  the  immediate  future  to  problems  of  economical 
production.  Should  standardized  clothes  actually  come 
into  general  use,  it  will  mean  the  disappearance  of  the 

thousands  of 
small  garment 
factories  and  the 
concentration  of 
the  bulk  of  the 
production  i  n 
the  hands  of  a 
few  large  organ- 
izations, as  is  the 
case  with  most 
goods  not  affect- 
ed by  sty  Te 
changes. 

MOTORS  FOR 

SEWING 

MACHINES 


FIG.    I — POWER    TABLES     IN 


THE     SEWING    ROOM       OF      AN 
CLOTHING    FACTORY 


EMDRulDLKY       .\ND       CHILDREN  S 


Each    table   is    driven   by   a 


slow-speed   alternating-current 
extended  shaft. 


motor    with     a     double- 


Almost  every 
operation  in  the 
production  of  a 
garment  re- 
quires  a  sewing  machine  of  special  design,  so  that 
there  is  an  astonishing  variety  of  models  on  the  market. 
One  manufacturer,  for  example,  lists  29  different 
machines  for  use  in  making  men's  clothing,  while 
the  complete  line  comprises  nearly  400  models  and  over 
a  thousand  modifications  of  these  models.  Moreover, 
models  are  being  added  more  rapidly  than  they  can  be 
cataloged,  since  every  new  kink  and  wrinkle  imposed 
by  fashion  is  the  signal  for  the  development  of  a  new 
machine.  But  however  much  these  various  models  may 
differ  from  each  other  in  function  and  appearance, 
there  is  rarely  much  change  in  their  fundamental  prin- 
ciples, so  that  in  spite  of  their  great  variety,  sewing  ma- 
chines present  no  such  complex  problems  of  drive  as 
are,  for  example,  encountered  with  machine  tools. 

As  far  as  drive  is  concerned,  sewing  machines  can 
be  divided   into  two   classes;   those  mounted   on   long 
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tables  called  power  tables  and  driven  in  groups,  and 
those  driven  individually.  In  general,  machines  for 
light  goods  are  grouped  and  those  for  heavy  materials, 
such  as  duck,  burlap,  and  leather  are  driven  individ- 
ually. 

MOTORS  FOR   POWER  TABLES 

The  character  of  the  power  table  is  shown  in  Fig. 
I.  The  sewing  machines  are  generally  arranged  in  two 
rows  and  driven  from  a  line-shaft  running  underneath 
the  table.  The  length  of  the  table,  and  therefore  the 
number  of  machines  on  it,  varies  with  different  fac- 
tories, but  depends  mainly  on  the  size  of  the  room  and 
the  space  desired  between  cross  aisles; — 25  machines 
per  table  is  usually  the  maximum.  Each  machine  is 
belted  to  one  half  of  a  friction  clutch  and  the  other  half 
is  belted  to  the  line  shaft.  The  clutch  is  controlled  by 
the  pressure  of  the  foot  on  the  treadle  and  since  the 
firmer  the  pressure  the  greater  the  friction  in  the  clutch, 
a  very  satisfactory  method  of  speed  control  is  thus  pro- 
vided. Each  table  is  an  independent  unit  with  its  own 
line  shaft  and  motor. 


is  dangerous  and  must  be  guarded;  and  the  motor  on 
the  table  is  in  the  way.  Hence  the  use  of  direct-con- 
nected motors  is  considered  the  most  satisfactory  and, 


HG.    -■ — ShWli\G   ROOM    OF  A   SKIRT   FACTORY 

General  lighting  is  provided  by  the  ceiling  drops,  and 
individual  lighting  by  a  table  lamp  with  special  reflector  for 
each  four  machines. 

The  line  shaft,  which  turns  at  a  constant  speed  of 
450  r.p.m.  can  be  driven  in  three  different  ways ;  / — by 
a  belt,  2 — by  a  chain  and  j — by  a  direct-connected  mo- 
tor. Belt  drive,  though  used  in  some  instances,  must 
be  regarded  as  impractical.  If  the  motor  is  inounted 
on  the  floor  with  the  belt  horizontal  and  at  right  angles 
to  the  table,  an  awkward  arrangement  results  which 
takes  up  a  great  deal  of  space  and  blocks  the  aisle. 
Though  not  impossible  for  use  in  a  factory  with  a  single 
table,  this  method  cannot  be  considered  where  there  are 
several  tables.  Nor  is  vertical  belting  an  improvement, 
because  of  the  excessive  slippage  with  even  an  extreine 
amount  of  belt  tension. 

The  use  of  a  vertical  silent  chain  with  the  motor 
mounted  on  the  table  is,  however,  practical  and  is  em- 
ployed in  a  number  of  factories.  The  chief  -advantage 
of  this  method,  as  compared  with  direct-connection,  is 
that  it  permits  the  use  of  a  standard  iioo  or  1700  r.p.m. 
motor,  which  is  of  lower  first  cost  than  the  low-speed, 
direct-connected  motor.  But  much  of  this  advantage  is 
lost  on  account  of  the  cost  of  the  chain,  and  in  addition 
there  is  a  inaintenance  expense  with  a  chain ;  the  chain 


FIG.    3 — SLOW-SPEED,    DIRECT-CURRENT    MOTOR    MOUNTED    UNDER 
POWER    SEWING    MACHINE   TABLES 

The  cloth   drops  which  normally  surround  the  motor  and 
shaft,  are  shown  raised  to  allow  a  view  of  the  apparatus. 

in  the  long   run,   the  most  economical   drive  and   it   is 
therefore  generally  used. 

Motors  for  direct  connection  can  be  coupled  to  the 
line  shaft  in  three  different  ways : — 

I — A  motor  with  a  single-extended   shaft  can   be  coupled 

to  the  end  of  the  line  shafting. 
2 — A  motor  with  a  double-extended  shaft  can  be  placed 
near  the  center  of  the  table  and  coupled  to  two  sections 
of  the  line  shafting. 
3 — A  motor  with  a  double-extended  shaft  can  be  placed  at 
the  end  of  the  tabic,  with  the  pulley  for  the  end  sewing 
machine  mounted  on  one  shaft  extension,  while  the 
other  extension  is  coupled  to  the  shafting  for  the  rest 
of  the  machines. 

The  first  method  is  the  least  expensive  because  an 
extra  charge  is  inade  for  a  motor  with  a  double-ex- 
tended shaft.     There  is,  however,  a  considerable  dis- 


FIG.    4 — 3.5    HP,    450    R.P.M.,    SLOW-SPEED,    ALTERNATING-CURRENT 
MOTOR    MOUNTED    UNDER    POWER    TAULE 

Showing  foot  treadle  control. 

tance  between  the  outer  end  of  the  motor  and  the  first 
sewing  machine  and  in  consequence  with  this  arrange- 
ment the  motors  stand  in  the  cross  aisles.  Where  space 
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is  not  at  a  premium,  this  is  of  no  consequence,  but  ordi- 
narily either  the  second  or  third  arrangement  is  used 
because  the  motors  then  take  up  no  valuable  space.  The 
third  method  is  generally  preferred  because  it  places  the 
motor  at  the  cross  aisle  where  it  is  more  readily  access- 

i  b  1  e  than  it 
would  be  if 
located  near  the 
center  of  the 
table. 

Both  d  i- 
r  e  c  t-c  u  r  rent, 
shun  t-wound 
motors  and  al- 
ternating-c  u  r  - 
rent,  squirrel- 
cage  motors  are 
sup  plied  for 
this  drive.  Their 
cons  truction, 
except  for  the 
speed,  i  s  stand- 
ard in  every  re- 
spect ;  their  rat- 
ings range  from 
one  to  five  horse-power,  and  their  speeds  from  435  to 
450  r.p.m.  Starting  rheostats  are  needed  with  direct- 
current  motors,  but  knife  switches  ordinarily  suffice  for 
the  alternating-current  machines. 

The  power  required  for  a  given  table  depends  upon 
the  number  of  sewing  machines,  the  type  of  the  ma- 
chines, the  character  of  the  material  being  handled  and 
the  operations  being  performed.  In  practice  several 
of  these  factors  are  negligible  and  satisfactory  opera- 
tion can  be  obtained  with  motors  selected  according  to 
the  following  table: — 

Number  of  Sewing 
Class  of  Work  Machines  per 

Horse-Power 

Women's   waists    16  to  18 

Women's   dresses    14  to  16 

Women's  cloaks  and  snits   12  to  15 

Underwear 12  to  14 

Men's  shirts    ".  . .   7  to  9 

Men's  heavy  garments    6  to  8 

Bags  and  awnings    2  to  4 

The  most  economical  arrangement  is  to  drive  at 
least  ten  machines  by  each  motor.  If  a  given  table  is 
too  long  for  the  power  of  the  available  motors,  the  line 
shafting  can  be  sawed  in  two  and  a  motor  used  at  each 
end.  The  motors  should  be  set  in  drip  pans  and  en- 
closed in  wooden  boxes  with  gauze  sides,  to  keep  out 
the  debris  that  collects  on  the  floor. 

MOTORS  FOR  INDIVIDUAL  SEWING   MACHINES 

For*  operating  individual  sewing  machines  a  one- 
quarter  horse-power  motor  is  suitable  for  practically 
all  types  of  sewing  machines.  This  motor  is  mounted 
under  the  rear  of  the  sewing  machine  table  and  drives 
the  machine  by  means  of  belts  and  a  friction  clutch. 


The  motor  runs  continuously  but  the  machine  is  started 
and  stopped  and  its  speed  is  controlled  by  the  pressure 
of  the  foot  on  the  treadle.  A  snap  switch  is  the  only 
motor-starting  device  necessary. 

OTHER  ELECTRICAL  APPARATUS 

In  addition  to  the  sewing  machine  motors,  garment 
factories  use  motors  for  driving  box-making  machinery, 
ventilating  blowers,  and  the  machinery  in  their  small 
repair  shops.  The  electrical  cloth-cutter  is  also  in  gen- 
eral use.  This  machine  is  equipped  with  a  one-quarter 
horse-power  motor  and  has  a  capacity  of  about  1000 
garments  a  day.  Electric  irons  are  needed  in  most  gar- 
ment factories  and  range  from  six  pound  irons  for 
ladies  light  garments  to  the  heaviest  pressing  irons  for 
men's  suits  and  over-coats. 

Good  illumination  is  essential  for  rapid  and  accur- 
ate work.  Three  lighting  systems  are  in  general  use 
for  the  sewing  machines; — / — a  single  15  watt  lamp 
over  each  machine ;  2 — a  60-watt  lamp  serving  four  ma- 
chines ;  and  J — general  illumination  from  100  watt 
lamps  suspended  from  the  ceiling  and  furnishing  a  min- 
imum of  six  foot  candles  intensity  for  white  goods  and 
eight  for  dark  goods.  General  illumination  from  60  to 
100  watt  lamps  placed  at  eight  foot  centers  is  used  for 
the  cutting  tables,  offices  and  other  departments. 

The  load  factor  for  a  garment  factory  varies  be- 
tween 24  and  50  percent  with  an  average  around  30  per- 
cent. 

MOTORS  FOR  HOME  WORKERS 

The  sweat-shop  system,  once  the  main  source  of 
ready-made  garments,  is  still  in  existence,  though  grad- 


FIG.   6— INDIVIDUALLY    MOTOR-DRIVEN    FACTORY    SEWING     MACHINES 

Used  in  the  upholstery  and  top  department  of  an  automobile 
service  station. 

ually  dying  out.  In  this  system,  a  contractor  gives  out 
jobs  to  the  workers  who  do  the  work  in  their  own 
homes.  Until  recently  these  people  had  to  depend  up- 
on foot-power  but  now,  wherever  possible,  they  use  do- 
mestic type  sewing-machine  motors,  thus  greatly  de- 
creasing their  drudgery  and  increasing  their  earnings. 
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PERHAPS  the  easiest  way  to  state  the  problem  of 
the  ceramist  in  choosing  the  ingredients  of  a  mix 
for  electrical  porcelain  would  be  to  imagine  an 
ideal  material  possessing  all  desirable  qualities  to  the 
highest  degree, — a  material  which  would  pass  rigid 
specifications  and  meet  every  actual  requirement.  Just 
what  would  be  the  result? 

I — A     material     that     would     possess     infinite     dielectric 

strength,  and  insulation  resistance.  , 

2 — A  material  of  great  toughness  and  resistance  to  shock, 
that    would    be    undisturbed   by    stones    thrown    by    the 
ever-present  small  boy,  or  by  rifle  balls, 
3 — A   material    having   absolute   resistance   to    temperature 
changes,  no  matter  how  extreme. 

Of  course,  such  an  ideal  material  is  not  obtainable. 
The  problem,  therefore,  is  with  the  substances  at  hand, 
what  can  be  derived  in  the  way  of  high  insulation,  high 
mechanical  strength  and  high  resistance  to  temperature 
change?  Can  all  these  desirable  qualities  be  obtained  at 
lOO  percent  value  in  the  .same  body  mix?  If  they  can- 
not, what  is  the  limit  and  what  should  be  sacrificed  in 
one  quality  to  attain  a  higher  percentage  in  another? 
Having  determined  the  foregoing,  what  materials  in  the 
mix  are  going  to  give  ma.ximum  results? 

Since  porcelain  forms  the  best  all  round  insulation 
for  electrical  transmission  lines,  what  is  the  best  mix 
and  materials  for  the  porcelain  primarily,  and  ne.xt, 
what  is  the  best  design  to  attain  ma.ximum  electrical  ef- 
ficiency out  of  a  given  weight  of  material?  The  prob- 
lem at  the  outset  of  this  investigation  was  to  determine 
the  properties  of  mixes  throughout  the  practical  range 
of  electrical  porcelain.  Obviously,  the  characteristics 
which  were  most  thoroughly  searched  out  were  those 
considered  most  vital  to  the  success  of  the  product. 
However,  some  of  the  characteristics  which  have  little 
effect  upon  the  dtirability  of  the  finished  product  were 
also  compiled  for  use,  if  occasion  should  arise  later  and 
as  a  matter  of  general  information. 

Because  of  the  inherent  peculiarities  of  particular 
clays  which  are  due  to  their  molecular  structure  or  at 
least  to  conditions  not  fully  understood  by  ceramic  en- 
gineers, the  search  for  the  best  porcelain  mix  involves  a 
large  amount  of  experimentation  as  well  as  theoretical 
computation.  In  many  manufacturing  processes,  it  is 
possible  to  analyze  the  finished  product  and  predict  quite 
closely  its  trade  value  and  characteristics.  Also,  it  is 
often  possible  to  take  components  as  indicated  by  the 
analyfis  and  duplicate  the  product.  However,  the  an- 
alysis of  a  porcelain  body  only  tells  part  of  the  story. 
In  fact,  the  analysis  may  locate  the  porcelain  mix  so  far 
as  proportions  of  ingredients  are  concerned,  but  will 
not  differentiate  between  clays,  even  between  china  and 
1  all  clays.  That  is,  the  effect  of  a  particular  clay  upon 
the  finished  product  depends  upon  characteristics  of  that 
clay,  which  cannot  be  determined  by  any  known  method 
of  cheinical  analvsis. 


Throughout  the  investigation,  the  human  element, 
that  is  so  often  apparent  whenever  several  investigators 
])Ool  their  results,  was  eliminated  to  a  large  extent  by 
having  one  investigator  record  all  of  the  same  charac- 
teristic. Obviously  the  comparative  values  of  any  char- 
acteristic should  be  fairly  accurate. 

TEST  SAMPLES 

The  shape  of  the  test  sample  is  of  vital  importance. 
It  should  be  of  a  design  that  is  easy  to  manufacture,  it 
should  be  of  the  general  form  of  the  usual  finished  com- 
mercial product  and  it  should  be  convenient  for  test 
])urposes.  It  was  decided  that  a  test  cup  shaped  as  in 
Fig.  I  would  be  most  advantageous.  The  sides,  bottom 
and  radii  were  so  proportioned  that  electrical  punctures 
nearly  always  occurred  through  the  bottom  of  cups  and 
not  through  the  edge  or  side. 

SCOPK   OF   INVESTIGATION 

In  outlining  the  scope  of  this  investigation,  the 
triaxial  diagram,  Fig.  3  will  locate  the  field  covered. 
The  diagram  is  self  explanatory,  indicating  the  relative 
areas  of  various  commercial  wares  other  than  electrical 


FIG.    I — TYPICAL    rORCEE.MX    TEST    CUP 

iiorcelains.  As  evidenced,  the  field  of  investigation  in- 
chtdes  a  range  from  low  feldspar  to  high  feldspar,  no 
flint  to  high  flint,  low  clay  to  high  clay  content.  More- 
over, it  includes  practically  all  commercial  white  ware 
bodies  made ;  i.  e.,  ordinary  china,  high  grade  china, 
porcelain  of  various  sorts,  etc.  That  is  to  say,  the  field 
is  fairly  covered  so  far  as  the  three  main  ingredients, 
flint,  feldspar  and  clay  are  concerned. 

The  individual  manufacturer  of  any  particular  line 
or  kind  of  ware  may  add  other  ingredients  in  varying 
amounts,  in  order  to  obtain  a  desired  color,  translucency 
or  strength,  etc.  In  other  words,  he  may  specialize  in 
one  partictilar  area  of  the  field  and  endeavor  to  reach 
perfection  at  this  point.  After  all,  however,  the  main 
control  is  always  by  the  three  primary  ingredients  and 
the  eftect  of  their  various  combinations  is  really  the 
subject  of  this  investigation. 

The  body  mixes  were  all  made  in  a  laboratory. 
They  were  blunged  in  ball  mills,  screened,  filter  pressed, 
pugged   and    jiggered    in    a   manner    corresponding   as 
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nearly  as  possible  with  the  procedure  maintained  in  com- 
mercial production. 

EASE  OF   WORKING 

The  ease  with  which  the  ingredients  may  be  kept  in 
suspension  in  water  and  thoroughly  mixed  decreases 
rapidly  as  the  percentages  of  feldspar  and  flint  increase, 
as  shown  in  Fig.  4.  This  is  especially  true  of  the  bodies 
very  high  in  feldspar.  The  effect  of  the  flint  is  less  no- 
ticeable, unless  the  clay  content  is  quite  low.  In  either 
case,  the  feldspar  and  flint  tend  to  settle  out,  if  the  slip 
is  not  kept  in  rather  violent  agitation.  It  would  be  ex- 
ceedingly undesirable  from  the  standpoint  of  mixing  of 
the  slip  to  adopt  a  body  mix  of  low  clay,  high  feldspar 
and  flint  content. 

Moreover,  the  inherent  properties  of  the  particular 
clay  cause  considerable  variation.  Certain  of  the  clays, 
due  to  their  plastic  nature  and  to  the  quantity  of  vege- 
table impurities,  go  into  suspension  more  readily  than 
others.  They  require  a  larger  percentage  of  water  to 
wash  them  through  the  screen  in  a  reasonable  time.  In 
fact,  in  some  cases,  the  percentage  of  vegetable  matter  is 
so  great  as  to  necessitate  frequent  cleaning  of  the  shak- 
ing screen.  Furthermore,  if  any  appreciable  percentage 
of  a  clay  high  in  vegetable  impurities  is  used,  the  result- 
ing porcelain  body  will  contain  many  small  blebs  caused 
by  the  burning  out  of  the  particles  of  vegetable  matter 
during  firing.  Obviously,  considerable  data  can  be  col- 
lected regarding  this  effect  which  explains  the  texture 
of  the  finished  product. 

The  ease  with  which  bodies  filter-pressed  and 
pugged  varied  in  about  the  same  manner  as  did  the  ease 
of  mixing.  It  is  essential  that  the  body  when  taken 
from  the  pug  mill  should  have  a  definite  percentage  of 
water;  otherwise  the  material  will  not  work  properly 
when  it  is  later  formed  into  shape.  In  order  to  have 
the  cakes  of  the  proper  consistency,  the  pressure  must 
be  increased  as  the  clay  content  is  decreased  or  the 
cakes  will  be  soft.  The  feldspar  and  flint  contents  have 
the  reverse  eflfect  each  to  about  an  equal  extent.  Also 
the  time  of  pumping  increased  directly  w'ith  the  clay 
content,  and  again,  the  feldspar  and  flint  content  have 
a  reverse  effect.  Substitution  of  a  particular  clay  may 
of  itself  vary  the  time  of  pumping  to  a  greater  degree 
than  would  a  material  change  of  composition.  The  ad- 
dition of  a  proportion  of  china  clay  at  the  expense  of 
ball  clay,  tends  to  make  the  body  more  open  and  has 
the  same  effect  as  decreasing  the  total  clay  content. 

Throughout  the  range  of  mixes,  the  bodies  that 
worked  easily  in  the  processes  of  filter  pressing  and 
pugging,  formed  and  jiggered  into  shape  quite  satis- 
factorily. An  addition  of  china  clay  at  the  expense  of 
ball  clay  has  the  same  effect  as  an  increase  of  flint  at 
the  expense  of  clay. 

The  rate  of  drying  of  the  body  samples  followed 
logically  the  tendencies  exhibited  in  the  filter  pressing. 
That  is,  mixes  which  pumped  slowly,  because  of  slow  fil- 
tration of  the  water  through  the  filter  press  cakes,  also 
dried  out  slowly.     The  period  required  for  drying  in- 


creases very  rapidly  with  the  increase  of  clay  content. 
An  increase  of  the  feldspar  or  flint  content  at  the  ex- 
pense of  clay  decreased  the  period  of  drying,  either  of 
the  former  ingredients  having  about  the  same  effect. 
Moreover,  the  addition  of  a  proportion  of  china  clay  at 
the  expense  of  ball  clay  increased  the  rate  of  drying 
quite  appreciably. 

Temperatures  at  which  the  test  cups  were  fired 
were  measured  by  means  of  pyrometric  cones,  a  record 
of  total  time  of  firing,  period  of  "soaking"  at  highest 
temperature,  etc.,  being  taken  for  each  set  of  cups. 
Samples  were  fired  from  cone  7,  2318  degrees  F.  (1270 
degrees  C),  to  cone  12,  2498  degrees  F.  (1370  degrees 
C),  inclusive..  Of  coiu-se,  the  dielectric  strength,  in- 
sulation resistance,  resistance  to  impact  blows,  resistance 
to  temperature  changes  and  absorption  ratio  are  the 
main  qualities  to  be  attained  in  electrical  porcelain. 
However,   these   qualities  being  equal,   the  usual   pur- 


FIG.    2 — FRACTURE  OF  BROKEN    SECTIONS   OF    TEST   CUPS   FROM 
DIFFERENT   MIXES 

chaser  prefers  a  porcelain  having  the  best  general  ap- 
pearance as  regards  translucency,  color,  grain,  etc. 

TRANSLUCENCY 

The  relative  translucency  of  the  bodies  was  judged 
by  tlie  degree  to  which  ordinaiy  daylight  was  trans- 
mitted through  the  bottom  of  the  cups.  Throughout  the 
range  of  mixes,  bodies  having  low  clay  and  high  feldspar 
contents  were  the  most  translucent,  while  all  that  were 
very  low  in  feldspar  were  practically  opaque  as  is  shown 
in  Fig.  5.  In  general,  the  translucency  increases  from 
two  directions ;  namely,  an  increase  of  feldspar  or  de- 
crease of  clay,  the  kind  of  clay  having  a  very  marked 
eft'ect.  The  latter  is  especially  noticeable,  if  the  pro- 
portion of  china  clay  is  varied,  the  translucency  increas- 
ing rapidly  therewith.  Furthermore,  the  degree  of  vit- 
rification often  has  more  effect  than  a  considerable 
change  of  ingredients,  since  some  mixes  that  are  opaque 
at  cone  7  are  decidedly  translucent  at  cones  10  to  12. 

COLOR 

Apparently  the  color  (Fig.  6)  of  the  porcelain 
body  is  practically  a  function  of  the  clay  content  and 
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varies  directly  with  its  increase  or  decrease,  the  flint 
and  feldspar  contents  having  but  a  slight  effect  in  com- 
parison therewith.  Also  the  body  whitens  quite  rapidly 
with  an  increase  of  the  proportion  of  china  clay.  Us- 
ually the  temperature  of  firing  has  more  eft'ect  than  a 
considerable  change  of  composition,  the  body  lightening 
as  the  temperature  of  firing  is  increased.  For  example, 
consider  a  series  of  mixes  containing  a  typical  ball  clay. 
At  cone  lo,  the  bodies  of  20  percent  clay  content  will 
be  quite  white,  while  those  of  30  percent  clay  content 
will  have  a  decided  yellow  tint.  At  cone  S  the  bodies 
of  20  percent  clay  content  will  appear  about  as  yellow 
as  those  of  30  percent  clay  content  did  at  cone  10. 

FRACTURE 

The  effect  of  range  of  mixes  on  the  structure  of 
broken  sections  is  shown  in  Fig.  2.  The  top  sample  is 
high  clay,  high  feldspar  and  no  flint ;  the  middle  sample 
is  medium  clay,  feldspar  and  flint,  and  the  lower  sample 
is  low  clay,  low  feldspar  and  high  flint.     The  fractures 


In  the  range  of  mixes  investigated,  the  value  varied 
from  2.46  to  2.08,  the  highest  being  for  bodies  of  high 
feldspar,  high  clay  (no  china),  and  low  flint,  and  the 
lowest  for  bodies  of  high  clay  (mostly  china),  low 
feldspar  and  high  flint. 

ABSORPTION 

Relative  absorption  ratio  measurements  were  taken 
on  pieces  of  approximately  20  grams  weight  that  were 
broken  out  of  the  test  cups,  care  being  taken  to  have 
the  fractured  surfaces  fresh  and  clean.  Samples  were 
immersed  in  distilled  water  and  final  weight  taken  after 
boiling  two  hours  and  soaking  one  hundred  hours.  Pri- 
marily, the  absorption  ratio  depends  upon  the  propor- 
tions of  fluxing  material  in  the  body  and  the  degree  of 
vitrification.  Obviously  the  absorption  ratio  will  in- 
crease with  increase  of  flint  content  at  the  expense  of 
either  clay  or  feldspar,  the  latter  being  the  main  factor 
in  giving  a  low  value.  Also  the  absorption  ratio  will  in- 
crease rapidly  with  the  increase  of  proportion  of  china 


FIG.    3 — TRI.\XIAL     OF     ARE.^S     OF     COM- 

MERCI.\L    WARES     AND    OF 

INVESTIGATION 


FIG.    4 — TRIAXIAL      OF      RELATIVE      EASE 
OF    WORKING    OF    MIX 


FIG.    5- 


TRIAXIAL    OF    VARIOUS    DEGREES 
OF   TRANSLUCENCY 


of  broken  samples;  that  is,  appearance  and  shape  of 
edges  appear  to  be  a  function  of  the  flint  content,  the 
roughness  increasing  directly  therewith  as  shown  in  Fig. 
7-  All  bodies  having  a  very  smooth  and  conchoidal 
fracture  are  in  the  region  of  high  clay  and  feldspar  con- 
tent and  low  flint  content,  the  most  conchoidal  bodies 
containing  no  flint.  An  increase  of  the  proportion  of 
china  clay  makes  the  fracture  less  smooth  and  con- 
choidal while  an  increase  of  the  temperature  of  firing 
works  the  reverse. 

SPECIFIC    GRAVITY 

Evidently  the  specific  gravity  is  a  function  depend- 
ing largely  upon  the  balance  between  fluxing  and  non- 
fluxing  materials.  Its  value  varies  inversely  with  the 
flint  content  and  directly  with  the  feldspar  and  clay  con- 
tents, the  kind  of  clay  influencing  the  results  consider- 
ably. Increasing  the  proportion  of  china  clay  lowers 
the  specific  gravity  while  raising  the  temperature  of 
firing  increases  it.  Moreover,  with  low  feldspar  con- 
tent and  high  proportion  of  china  clay,  the  specific 
gravity  may  vary  directly  with  the  flint  content,  but  this 
relation  will  exist  only  when  the  clay  is  mostly  china. 


clay,  while  an  increase  of  firing  temperature  produces 
the  reverse  effect. 

SHRINKAGE 

Considered  from  the  standpoint  of  the  commercial 
product,  shrinkage  of  the  body  during  diying  and  firing 
is  of  no  consequence.  Nevertheless,  it  is  of  utmost  im- 
portance in  factory  production,  wherever  the  dimen- 
sions must  be  within  specified  limits.  In  general,  it  ap- 
pears that  if  the  clay  content  is  mostly  ball,  the  shrink- 
age is  practically  a  function  of  the  flint  and  clay  con- 
tents, varying  directly  with  the  clay  and  indirectly  with 
the  flint.  When  a  considerable  proportion  of  china  clay 
is  used  the  feldspar  also  exerts  a  material  influence  to- 
ward increasing  the  shrinkage.  Bodies  of  highest 
shrinkage  all  occur  in  region  of  high  clay,  low  flint  and 
bodies  of  lowest  shrinkage  in  region  of  low  clay  and 
high  flint.  The  shrinkages  in  the  area  covered  varied 
from  5.5  to  27.5  percent. 

DIELECTRIC    STRENGTH 

In  arriving  at  the  relative  dielectric  strength,  (Fig. 
8,)  puncture  tests  were  made  with  the  cups  between 
mercury  electrodes ;  that  is,  the  test  cup  was  set  in  a 
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three-sixteenth  nich  bath  of  mercuiy  aiui  the  inside  bot- 
tom covered.  Samples  were  tested  under  oil,  being  set 
in  the  mercury  bath  and  mercury  poured  into  the  cup 
before  immersion,  so  as  to  prevent  the  formation  of  an 
oil  film.  Sixty  cycle  voltage  was  supplied  at  the  rate 
of  three  or  four  kilovolts  per  second  until  breakdown,  a 
series  of  tests  being  carried  out  at  usual  air  temperature 
and  at  170  degrees  F. 

In  the  region  of  high  feldspar  content,  the  dielectric 
strength  is  mostly  a  function  of  the  feldspar  content  and 
varies  directly  therewith,  while  in  a  low  feldspar  region 
its  value  also  varies  directly  and  quite  rapidly  with  the 
clay  content.  The  dielectric  strength  varies  inversely 
with  increase  of  flint  or  proportion  of  china  clay.  Fur- 
thermore the  dielectric  strength,  especially  of  low  felu- 
spar  bodies,  increases  rapidly  with  the  increase  of  tem- 
perature of  firing.  The  bodies  of  highest  value  occur 
in  the  region  of  high  feldspar,  low  flint,  and  those  of 
lowest  value  in  the  region  of  low  feldspar,  high  flint. 
The  range  of  dielectric  strength  was  from  5000  volts 
per  100  mils  to  39000  volts  per  100  mils.  Apparently 
the  average  dielectric  value  of  the  bodies  that  would  be 


obtain  data  less  dependent  upon  the  human  element,  a 
small  testing  machine  was  constructed.  The  test  cup 
was  placed  in  a  V-shaped  groove  which  was  slanted  so 
that  the  upper  side  of  the  test  cup  was  horizontal.  A 
one-half  inch  diameter  plunger  having  spherical  ends 
was  held  vertically  by  bearings  and  rested  against  the 
middle  of  the  horizontal  side  of  the  cup.  A  one  pound 
weight  running  in  guides  was  arranged  to  drop  on  to 
the  plunger  from  various  heights.  In  testing  a  sample 
the  weight  was  raised  to  a  six  inch  height  and  let  fall, 
and  a  two  inch  increment  was  then  added  to  each  suc- 
ceeding drop  until  the  cup  shattered.  All  samples  were 
put  through  the  same  cycle  of  blows  up  to  failure  and 
the  height  of  drop  at  failure  was  taken  as  the  bodies' 
comparative  resistance  to  impact  blow. 

The  resistance  to  impact  is  mainly  a  function  of 
the  flint  content  and  varies  directly  therewith.  An  in- 
crease of  flint  at  the  expense  of  either  feldspar  or  clay 
increases  the  mechanical  strength  rapidly,  although  the 
efl^ect  of  the  clay  is  by  far  the  most,  decided.  Increas- 
ing the  proportion  of  china  clay  decreases  the  strength, 
but  this  is  of  minor  consideration  compared  to  the  ef- 
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FIG.   6 — TRI.WIAL  OF  VARI.\TION   OF 
COLOR 


FIG.    7- 


-TRI.\XI.\L    OF    FRACTURE    OF 
BROKEN    SECTIONS 


FIG.   8 — TRIAXIAL   OF   RELATIVE 
DIELECTRIC    STRENGTH 


practical  for  electrical  porcelain  was  decreased  about 
six  to  ten  percent  by  the  increase  of  temperature  during 
test  from  79  degrees  F.  (26  degrees  C.)  to  170  degrees 
F.  {yy  degrees  C). 

Insulation  resistance  measurements  of  the  bottom 
of  the  cups  were  taken,  using  mercury  temiinals  as  in 
the  case  of  dielectric  strength.  The  tests  were  obtained 
by  means  of  high-voltage  direct  current,  galvanometer 
readings  being  recorded  after  one  minute's  electrifica- 
tion at  5000  volts.  In  general  the  results  checked  very 
closely  with  the  60  cycle  puncture  tests.  However,  cups 
having  a  laminated  or  blebbed  structure  were  not  difter- 
entiated  from  those  of  better  manufacture.  Moreover 
the  temperature  of  firing  aft'ecled  the  insulation  resis- 
tance to  a  much  less  degree. 

RESISTANCE   TO    MECHANICAL    BLOWS 

Sufficient  difference  of  resistance  to  impact  blow, 
Fig.  9,  existed  in  the  series  that  a  fair  idea  of  the  var- 
iation could  be  obtained  by  breaking  one  or  two  cups  of 
each  mi.\  with  a  small  hammer.     However,  in  order  to 


feet  of  the  flint  content.  An  increase  of  the  burning 
temperature  decreases  the  mechanical  strength  mater- 
ially, especially  if  the  body  is  of  a  high  feldspar  con- 
tent. In  fact  the  temperature  of  burning  often  made  a 
difference  of  30  percent  in  the  samples  of  the  same 
body  mix.  Bodies  of  greatest  resistance  to  impact  lie 
in  the  region  of  high  flint,  low  clay  and  medium  feldspar 
contents  while  the  bodies  of  lowest  resistance  lie  in  the 
region  of  low  flint,  high  clay  and  high  feldspar  contents, 
the  lowest  of  all  containing  no  flint.  The  comparative 
relations  between  the  highest  and  lowest  bodies  were 
approximately  four  to  one. 

RESISTANCE    TO    LOCAL    HEAT 

Three  methods  were  tried  for  obtaining  the  com- 
parative resistance  to  local  heat  application,  shown  in 
Fig.  10.  In  the  first  place  a  series  of  cups  was  put 
through  a  considerable  number  of  cycles  by  transfer- 
ring them  between  water  baths  consisting  of  boiling 
water  and  ice  water,  but  the  method  was  not  severe 
enough  to  give  comparative  results.     A  second  series  of 
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cups  was  then  heated  in  an  air  oven  to  536  degrees  F. 
(280  degrees  C.)  and  plunged  into  water.  Definite  re- 
suhs  were  obtained  but  the  test  did  not  seem  convenient 
in  consideration  of  the  wide  range  of  body  mixes.  The 
method  finally  selected  consisted  of  a  blow  torch  and 
framework,  so  arranged  that  the  test  cup  would  always 
be  placed  in  the  same  position  relative  to  the  blow  torch 
nozzle.  In  testing,  the  cup  was  set  so  that  the  edge  split 
the  blow  torch  flame  at  a  distance  of  two  inches  from 
the  nozzle,  care  being  taken  to  keep  the  length  of  the 
flame  constant.  Time  was  taken  from  instant  of  setting 
the  cup  into  the  flame  until  the  first  explosion  or  crack 
occurred. 

Resistance  to  local  heat  application  is  most  depend- 
ent upon  the  flint  and  clay  contents,  the  flint  being  some- 
what more  effective.  The  resistance  varies  directly 
with  the  clay  content  and  indirectly  with  the  flint  con- 
tent. The  feldspar  content  has  less  effect  but  high 
feldspar  means  rather  low  resistance.  An  increase  of 
proportion  of  china  clay  tends  to  lower  the  resistance  of 
the  body  while  an  increase  of  the  temperature  of  firing 
increases  it.     Both  the  latter  elements  are  slight  here 


eliminate  the  weaker,  or  in  other  words,  to  try  to  com- 
bine the  three  main  properties  at  100  percent  as  nearly 
as  possible,  or  in  as  small  an  area  as  possible.  With 
the  materials  used,  and  at  the  kiln  fire  to  which  they 
were  subject,  no  one  mix  of  this  sort  was  found.  Nor 
was  the  area  obtained  by  drawing  lines  from  the  three 
100  percent  points  as  small  as  desirable. 

C0NC■LUSI0^• 

In  summing  up,  the  three  main  properties  are  given 
the  most  consideration;  that  is,  dielectric  strength,  me- 
chanical strength  and  resistance  to  sudden  temperature 
change.  For  purposes  of  comparison  a  final  triaxial 
was  plotted.  Fig.  11,  showing  in  a  general  way  the  areas 
where  these  three  properties  seem  to  be  located  b\-  the 
investigation  in  the  highest  degree.  High  dielectric 
strength  appears  to  be  characteristic  of  a  high  feldspar 
content ;  high  mechanical  strength  of  a  high  flint  con- 
lent  ;  and  high  resistance  to  local  heating  of  a  high  clay 
content.  It  would  appear  that  all  three  properties  in 
the  very  highest  degree  are  not  likely  to  be  found  in 
any  one  body.     That  they  can  be  obtained  in  a  very  good 


FIG.   9 — TRIAXIAL     SHOWING     RESIST- 
ANCE  TO    MECHANICAL   BLOWS 


FIG.    10 — TRIAXIAL    SHOWING   RESIST- 
ANCE  TO   .-VPPLICATION   OF   LOCAL 
HEATING 


FIG.    II — TRIA.\I.'\L    SHOWING    AREAS    OF 
MAXIMUM    VALUE 


as  compared  to  their  effect  upon  other  body  properties. 
The  bodies  most  resistant  to  local  heat  application  lie 
in  the  region  of  high  clay,  low  flint,  while  those  of  least 
resistance  lie  in  the  region  of  low  clay  and  high  flint. 
The  comparative  relations  between  the  highest  and  low- 
est bodies  were  approximately  5  to  I. 

The  above  results  having  been  worked  out  by  using 
a  single  ball  clay  and  a  single  china  clay,  the  next  step 
was  to  try  various  clays  of  both  sorts  in  a  number  of 
the  bodies,  no  longer  bothering  with  extremes.  This 
was  for  the  purpose  of  determining  how  the  individual 
characteristics  of  a  clay  would  affect  the  areas  already 
worked  out.  It  was  found  that  considerable  variation 
did  exist,  but  in  general  each  clay  showed  the  same 
general  tendencies,  the  areas  shifting  somewhat  in  each 
case. 

Taking  advantage  of  these  "shifts",  combinations 
of  clays  were  next  made  up  in  several  of  the  best  body 
mixes,  in  an  attempt  to  combine  all  the  good  points  and 


working  percentage  for  each  one  was  clearly  shown 
throughout  the  whole  investigation  in  those  bodies  lying 
inside  the  area  bounded  by  the  lines  drawn  from  the 
maximum  points.  Furthermore,  each  property  can  oe 
helped  or  raised  in  a  body  by  the  use  of  certain  clays  or 
certain  mixtures  of  clays  or  by  variation  of  the  kiln  fire. 
Sometimes  this  occurs  somewhat  at  the  expense  of  an- 
other property  if  care  is  not  exercised. 

At  the  temperature  fired  and  with  the  materials  in 
use,  one  cannot  expect  to  obtain  the  maximum  dielectric 
strength,  maximum  toughness  and  maximum  resistance 
to  temperature  change,  all  in  one  body.  But  a  maxi- 
mum of  any  one  property  can  be  obtained  and  a  fair  or 
good  working  percentage  of  one  or  both  of  the  others, 
or  a  very  fair  medium  of  all  three  properties.  This  lat- 
ter is  doubtless  the  more  logical  if  due  consideration  is 
given  to  the  commercial  application  of  the  finished 
product. 
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ALONG  with  the  improvements  in  turbine  per- 
formances already  discussed  have  been  corre- 
sponding improvements  in  details  which  have 
materially  increased  the  reliability  of  steam  turbines. 
Some  of  these  details,  for  example,  the  blading  and 
governing  systems,  have  in  themselves  gone  through  a 
process  of  development  which  will  be  reviewed  briefly. 

BLADING 

There  has  been  a  good  deal  of  misapprehension 
concerning  turbine  blading.  With  all  types  of  turbines, 
the  design  and  material  of  turbine  blading  have  under- 
gone some  evolution.  Of  necessity,  blading  is  subjected 
to  very  arduous  conditions.  It  works  in  a  steam  cur- 
rent of  considerable  velocity,  the  steam  often  being 
laden  with  moisture  and  sometimes  with  chemicals  and 
solid  foreign  particles  as  the  result  of  priming  boilers. 
Centrifugal  stresses  must  of  course  be  properly  con- 
sidered, but  far  more  important  is  the  fact  that  any 
blading  must  be  able  to  withstand  the  tendency  to  vi- 
brate in  the  steam  current. 

The  characters  of  the  two  salient  types  of  turbine 
elements,  impulse  and  reaction,  require  quite  different 
blading;  the  one,  massive  blade  sections,  and  the  other, 
relatively  light  sections.  However,  the  strain  on  the 
blades  due  to  centrifugal  force  is  the  same  in  either 
case,  and  in  the  event  of  collision  between  blades  the 
one  is  as  subject  to  injury  as  the  other,  with  the  differ- 
ence, however,  that  the  results  may  be  more  far-reach- 
ing in  the  case  of  the  more  massive  blades.  In  some  of 
the  early  designs,  breakages  were  due  to  contact  be- 
tween the  stationary  and  revolving  elements,  resulting 
from  distortion  of  the  cylinder  structures.  This  has 
been  eliminated  by  better  design  of  these  structures,  the 
elimination  of  ribs  and  all  unnecessary  excrescences 
which  might  lead  to  internal  strains  in  the  castings  or 
distortions  due  to  uneven  heating  and  cooling. 

The  principal  cause  of  breakage  of  turbine  blades 
is  vibration  in  the  steam  current.  There  are  scarcely 
any  records  of  blades  having  broken  because  of  cen- 
trifugal force  per  se.  Shrouding  and  other  means  of 
bracing  the  outer  ends  of  turbine  blades  to  each  other 
have  been  employed  to  reduce  the  tendency  to  vibrate. 
Such  devices  increase  the  natural  periodicity,  and  hence 
reduce  the  amplitude  of  vibration.  Later  designs  of 
blading  have  their  sections  tapered,  there  being  some  40 
percent  more  cross-section  at  the  foot  than  at  the  tip. 
With  this  construction,  the  deflection  due  to  vibration 
will  be  distributed  over  a  considerable  length  instead  of 
being  concentrated  at  the  point  of  attachment.  The  later 
method  of  attaching  reaction  blades  is  shown  in  Fig.  26, 
the  blades  having  a  foot  forged  on  the  end  which  fits  in 


a  groove  in  the  floor  of  the  main  groove  of  the  blade- 
carrying  element.  The  spacers  between  the  blades  are 
dovetailed  to  correspond  with  the  dovetailing  of  the 
main  groove,  thus  completely  interlocking  the  blading 
and  rendering  the  attachment  as  strong  as  the  blades 
themselves.  Large  blades,  like  those  shown,  have  their 
grooves  provided  with  compound  wedges  which  help 
to  fill  the  grooves  more  completely.  This  type  of  blad- 
ing was  first  employed  in  all  commercial  turbines  in 
191 1,  since  which  time  little  trouble  has  been  experi- 
enced due  to  vibration  of  blades.  This  construction  re- 
placed the  reaction  blade  system  devised  by  Parsons  in 
1896  which  comprised  alternate  blade  and  spacing 
pieces,  each  drawn  to  shape  and  cut  to  length  and 
calked  in  grooves  very  slightly  dovetailed ;  the  root 
portion  of  the  blades  being  slightly  serrated,  but  fric- 
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Fir..    26 — METHOD    OF    ATTACHING    MODERN    REACTION    BLADES 

Showing  also  comma  wire  blade  lashing. 

tion,  the  result  of  calking,  was  wholly  depended  upon 
for  securing  the  blades. 

Ingenuity  on  the  part  of  builders  of  reaction  tur- 
bines has  not  been  lacking  in  suggesting  improvements, 
but  the  apparently  crude  construction  of  Parsons  was 
not  easily  to  be  improved  upon,  for  it  is  still  employed 
by  builders  of  reaction  turbines  in  Europe.  The  FuU- 
ager  system  was  introduced  in  1904,  and  was  employed 
by  the  Allis-Chalmers  Company  in  the  United  States 
and  by  William  &  Robinson  in  England.  The  Allis- 
Chalmers  Company  were  compelled  to  abandon  the 
riveted  shroud  portion  of  the  Fullager  system  on  ac- 
count of  a  patent  covering  this,  controlled  by  the 
General  Electric  Company.  They  have  since  made 
further  improvements  to  their  construction. 

BLADE  LASHINGS 

In  the  earlier  machines,  the  blades  were  short  and 
steam  velocities  low,  so  no  blade  lashings  were  required. 
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Earliest  blade  lashings  comprised  a  metal  strip  laid  in  a 
notch  in  the  side  of  the  blade,  laced  to  the  blades  with 
fine  wire  and  silver  soldered.  This  method  is  still  em- 
ployed in  Europe,  except  the  lacing  is  discontinued  and 
silver  soldering  relied  upon  entirely.  The  Westinghouse 
Company  early  abandoned  this  method  and  adopted  in 
1905  what  is  known  as  a  "comma"  wire  construction, 
shown  in  Fig.  27;  the  tail  of  the  comma  being  sheared 
at  the  walls  of  the  blade  and  turned  over  between  the 
blades,  thus  forming  an  abutment  against  the  blades. 
This  construction,  while  simple,  was  found  after  some 
years  of  use  to  be  objectionable  because  of  the  close 
inspection  required  to  insure  a  solid  abutment,  without 
which  the  blade  may  commence  vibrating  slightly  be- 
tween the  abutments,  the  vibration  increasing  its  ampli- 
tude on  account  of  wear,  until  rupture  is  reached. 

In  the  last  few  years  silver  soldering  of  the  comma 
wire  has  been  employed  as  an  insurance  and  to  avoid 
difficult  inspection,  the  construction  otherwise  remain- 
ing the  same.  The  clinching  of  the  comma  wire  serves 
as  a  ready   means   of   spacing   the   ends   of   the   blades 
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FIG.    27 — COMM.'k    WIRE    METHOD    OF    CLINCHING    BL.\DES 

properly,  after  which  the  soldering  may  be  performed. 
Brazing  spelter  was  for  a  time  employed  in  order  to 
avoid  the  high  cost  of  silver.  It  was  found  objection- 
able because  the  higher  heat  involved  necessitated  the 
blade  cooling  under  some  shrinkage  stresses,  through 
what  appeared  to  be  a  critical  temperature,  sometimes 
causing  rupture. 

With  later  designs,  involving  large  steam  volumes 
at  high  velocities,  the  blade  lashing  is  of  paramount  im- 
portance in  order  to  reduce  vibration  in  the  steam  cur- 
rent, and  judgment  must  be  employed  in  determining 
the  length  of  segments  to  obtain  the  maximum  rigidity 
on  the  one  hand  and  to  provide  the  necessary  flexibility 
for  expansion  on  the  other;  it  being  remembered  that 
the  blading  heats  and  cools  at  a  different  rate  from  the 
supporting  drum  or  disc. 

IMPLUSE  BLADING 

As  previously  stated,  impluse  blades  partake  of  a 
construction  different  from  reaction  blading.  Generally 
they  are  more  massive  and  the  fourth  wall  to  the  blade 
passage,  formed  by  a  shroud,  is  always  employed.  Im- 
pulse elements  were  not  employed  commercially  by  the 
Westinghouse  Company  until  the  advent  of  their  single- 


double-flow  combination  turbine  in  1909.  A  number 
of  different  forms  of  impulse  blade  constructions  have 
been  employed,  not  all  of  which  are  instructive.  A 
modern  standard  construction  of  blading  for  two-row 
impulse  elements  is  shown  in  Fig.  28.  Two  construc- 
tions of  a  single  row  impulse  element  (Rateau  turbine) 


FIG.    28 — TWO-ROW    IMPULSE   BLADING   ELEMENT 

are  shown  in  Fig.  29.  In  each  case,  the  shroud  is  in- 
tegral with  the  blade.  A  groove  is  cut  in  the  shroud 
into  which  is  inserted  a  strip  of  suitable  length,  which 
is  brazed  to  the  blade.  The  blade  is  drawn  to  the  shape 
corresponding  to  the  shrouded  portion,  the  blade  por- 
tion between  the  shroud  and  base  parts  being  formed 
by  a  profiling  milling  operation. 

BLADE    MATERIALS 

A  brass  alloy,  known  as  Delta  metal,  was  employed 
for  reaction  blades  for  the  earliest  machines  in  this 
country.  Some  blade  breakages,  which  no  doubt  were 
due  to  vibration  of  the  blades  themselves,  were  at- 
tributed to  defects  of  the  material;  such  as  crystalliza- 
tion, due  to  heating  and  cooling.  Careful  trial  in  a 
few  machines  showed  us  that  blading  made  of  ordinary 


FIG.    20 — STANDARD    SINGLE-ROW    IMPULSE    ELEMENT 


Steel  would  not  corrode,  so  between  1904  and  1907, 
steel  was  adopted,  and  many  of  these  machines  are  in 
operation  today  without  showing  any  particular  corro- 
sion. However,  enough  cases  of  severe  corrosion  ap- 
peared to  render  the  use  of  ordinary  steel  blading  un- 
tenable. 
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The  effects  were  obviously  caused  by  corrosion 
(not  to  be  confused  with  erosion)  and  occurred  mostly 
at  the  dew  point,  that  is,  at  the  zone  of  the  turbine 
where,  on  account  of  latent  heat  beinj^  given  up,  super- 
heat is  lost  and  moisture  commences  to  be  precipitated. 
The  cause  of  corrosion  in  power  house  apparatus  seems 
obscure;  it  exists  in  one  plant,  and  is  absent  in  another, 
and  the  analytical  chemist  has  not  been  of  material  as- 
sistance in  determining  specific  causes.  No  doubt  in- 
judicious use  of  boiler  compounds  and  the  presence  of 
unsatisfied  oxygen  with  pure  water  were  among  the  rea- 
sons. 

In  1907  blades  were  made  from  Monnot  metal,  the 
original  steel  ingot  having  25  percent  of  copper  welded 
to  the  outside  by  a  proprietaiy  process,  subsequent  roll- 
ing and  drawing  still  maintaining  the  proportion  of 
copper  in  the  final  blade  shape.  While  more  resistant 
to  corrosion,  they  were  by  no  means  immune.  So  a 
bronze  alloy  was  again  adopted ;  this  time  using  an  al- 
loy containing  copper  97  to  98  percent,  tin  2  to  3  per- 
cent, phosphor  0.03  to  0.07  percent, 
which,  for  moderate  stresses  is 
still  employed.  For  higher  stresses 
and  impulse  blading  a  low  carbon 
steel  is  employed  having  a  carbon 
content  not  to  exceed  0.08  percent, 
combined  with  five  percent  nickel. 
This  is  practically  a  nickel  iron, 
manufactured  in  an  electric  fur- 
nace. 

The  quality  of  material  has 
always  been  considered  as  being  a 
considerable  factor  in  the  ability  of 
a  blade  to  resist  fracture  under 
vibrating  stresses.  No  doubt  homo- 
geneity is  important,  and  some  low 
carbon  steel  made  by  ordinary  pro- 
cesses has  failed  for  lack  of  it.  It 
would  appear  that  while  the 
strength  of  a  section  under  tension 
depends  upon  the  average  strength 
of  the  fibers,  the  ability  to  resist  vibration  is  perhaps 
only  dependent  upon  the  strength  of  the  weakest  fiber. 

A  variety  of  materials  have  been  suggested  for 
blading,  and  employed  at  one  time  or  other  by  various 
manufacturers;  a  few  may  be  commented  upon  as  fol- 
lows : — 

Nickel-Steel,  higher  in  both  nickel  and  carbon 
than  that  mentioned  above,  is  used  in  Europe,  but  al- 
leged to  be  by  no  means  immune  from  corrosion. 

Nickel  Bronze  (80-20)  has  been  successfully  em- 
ployed by  some  manufacturers.  It  is  alleged  to  become 
brittle  by  absorbing  carbon  monoxide  should  it  be  pres- 
ent in  the  steam. 

Monel  Metal  has  satisfactory  characteristics  but  is 
difficult  to  work  and  varies  in  composition. 

Nickel,  if  pure,  has  satisfactory  physical  charac- 
teristics and  is  immune  from  corrosion. 


GLANDS 

In  their  early  turbine  work,  the  Westinghouse 
Company  employed  a  steam  labyrinth  similar  to  that 
employed  by  Parsons.  It  had  the  objection  that  to  pro- 
vide enough  sealing  steam  to  preclude  air  leakage  in- 
variably meant  an  objectionable  leakage  to  the  engine 
room.  In  1903  was  developed  the  well  known  water 
gland  which  has  been  employed  without  material  change 
until  this  time.  It  comprises  simply  a  double  centrifu- 
gal pump  operating  in  a  chamber.  It  is  provided  at  its 
periphery  with  water,  say  of  five  pounds  greater  pres- 
sure than  the  pressure  against  which  it  is  designed  to 
pack,  the  pump  being  designed  for  a  pressure  ten 
pounds  higher  than  this,  should  it  be  full  of  water.  The 
pump  thus  maintains  an  annulus  of  water  at  the  outer 
edge  which  forms  a  very  complete  seal. 

The  advent  of  water  glands  reduced  a  troublesome 
and  difficult  detail  to  one  causing  no  concern  to  either 
the  designer  or  manufacturer.     It  is  extremely  simple 
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30 — SECTION    OK    V.\LVE   CHAMBER   OF   A    STEAM    TURBINE 

Showing  steam  relay  type  of  valve  gear. 


in  operation,  requiring  only  a  supply  of  water  of  the 
requisite  pressure.  This  is  best  supplied  by  a  float  valve 
and  tank  located  at  the  proper  elevation.  Inasmuch  as 
there  is  some  evaporation  taking  place  in  the  gland,  in 
part  due  to  transfer  of  heat  along  the  cylinder  wall 
and  to  fluid  friction  of  the  fluid  itself,  water  containing 
scale  forming  matter  should  not  be  used,  so  the  gland 
is  preferably  supplied  with  condensate. 

This  type  of  gland  has  been  extended  to  use  with 
marine  propelling  machinery,  in  which  case  the  gland 
must  pack  at  any  rotational  speed  in  either  direction  so 
a  labyrinth  packing  is  provided  in  combination  with  the 
water  seal.  Further  the  turbine  governor  is  arranged 
to  turn  off  the  water  supply  and  admit  steam  through  a 
reducing  valve  to  the  labyrinth  automatically,  whenever 
the  speed  of  the  turbine  is  reduced  below  that  at  which 
the  water  gland  can  seal,  usually  about  half  speed.  This 
is  accomplished  by  providing  the  governor  with  two 
springs,  one  heavier  than  the  other.     The  first  half  of 
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the  governor  travel  compresses  the  hghter  spring  at 
only  about  half  full  speed.  The  governor  on  reaching 
this  position,  operates  a  relay,  turning  steam  on  and 
water  off,  or  vice-versa,  according  to  whether  the  tur- 
bine is  being  accelerated  or  retarded.  On  the  turbine 
reaching  full  speed,  the  governor  will  go  to  the  outer 
half  of  its  travel,  compressing  the  heavier  spring  and 
controlling  the  main  steam  admission. 

BEARINGS 

The  bearings  devised  by  Parsons  in  1890,  compris- 
ing a  shell  surrounded  by  three  concentric  sleeves,  are 
still  employed  for  turbines  that  operate  above  their 
critical  speed.  Such  turbines,  however,  are  few  in 
number  for,  so  far  as  practicable,  all  modern  machines 
operate  below  their  critical  speeds.  For  these,  ordinar>' 
cast-iron  bearing  shells  are  employed,  lined  with  bab- 
bit. The  progress  represented  in  them  is  that  pressures 
per  square  inch  of  projected  area  have  gone  from  50  to 
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niitting  an  adjustment  of  position  to  be  made  that  be- 
yond peradventure  is  what  is  required. 

THRUST  BEARING 

The  thrust  bearing,  comprising  a  number  of  col- 
lars, has  been  replaced  by  the  Kingsbury  thrust  bearing 
which  is  capable  of  supporting  an  enormous  thrust,  en- 
abling turbines  to  be  constructed  to  have  a  considerable 
normal  end  thrust,  and  permitting  the  reduction  of 
diameters  of  balancing  pistons  and  the  like.  Further- 
more, with  such  bearings  an  accurate  balancing  of  the 
turbine,  so  that  there  shall  be  no  end  thrust,  is  no  longer 
necessary.  These  thrust  bearings  operate  satisfactorily 
with  pressures  as  high  as  500  pounds  per  square  inch  of 
actual  bearing  surface.  They  have  been  operated  ex- 
perimentally with  pressures  as  high  as  5000  pounds  per 


FIG.   31 — TYPICAL  CONTROL  VALVE  WITH   RELAY 

For  a  large  steam  turbine. 

120  pounds  and  surface  speeds  from  50  to  80  or  90  feet 
per  second,  and  it  is  believed  that  the  duty  to  which 
such  a  bearing  can  be  subjected  is  considerably  beyond 
these  limits. 

An  innovation,  introduced  by  the  Westinghouse 
Company  at  the  inception  of  their  turbine  work,  was  to 
provide  the  turbine  bearing  shells  with  four  keys  fitted 
in  recesses  on  the  outside.  These  keys  have  sheet  metal 
liners  beneath  them,  and  are  turned  spherically  to  suit 
the  housing  which  supports  the  bearing,  the  bearing  be- 
ing supported  by  the  keys  in  the  pedestal.  Removal  of 
liners  from  one  side  to  the  other  provides  a  very  definite 
adjustment  of  the  rotor  in  the  turbine  cylinder.  By 
these  means  the  position  of  the  rotor  may  be  easilv  de- 
termined as  well  as  definite  knowledge  of  the  least 
radial  clearance  obtained.  The  rotor  may  be  displaced 
definite  amounts,  and  the  rotor  meantime  revolved,  per- 


FIG.   32 — GOVERNOR    FOR    VALVE   OF    FIG.    3 1 

square  inch  without  heating.  Dr.  Kingsbury  has  se- 
cured a  variety  of  applications  for  his  bearing  wherever 
a  high-duty  thrust  bearing  is  required,  including  heavy 
vertical  generators.  Most  modern  geared  turbine 
steamers  are  being  equipped  with  them  for  the  main 
propeller  thrust  bearing;  the  multicollar  type  of  marine 
thrust  bearing,  seven  or  eight  feet  long,  being  replaced 
by  a  single  disc  occuping  an  axial  dimension  of  less 
than  two  feet.* 

GOVERNORS  AND  GOVERNOR  VALVES 

A  speed-responsive  centrifugal  type  of  governor 
has  always  been  employed  in  this  countr)\  A  develop- 
ment of  detail  design  has  occurred  which  is  of  consider- 
able interest,  but  would  be  of  too  great  a  length  to  be 


*These  bearings  are  described  in  detail  in  an  article  on 
"The  Kingsbury  Thrust  Bearing"  by  Mr.  H.  A.  S.  Howarth, 
in  the  Tourn.\l  for  Aug.  '15,  p.  351. 
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described  here.  The  resuh  is  the  employment  today  of 
governors  of  large  power  and  of  such  construction  as  to 
assure  a  perfectly  constant  rate  of  speed  variation. 

At  the  time  the  Westinghouse  Company  became  a 
licensee  of  Parsons,  it  was  Parsons'  custom  to  control 
all  machines  by  an  electrical  governor,  comprising  a 
solenoid  actuating  a  steam  relay.  The  solenoids  were 
compounded  and  could  be  arranged  to  maintain  sub- 
stantially constant  voltage,  in  which  case  the  turbine  op- 
erated at  higher  speed  at  full  load  than  at  friction  load 
in  accordance  with  the  generator  characteristics.  Par- 
sons was  able  to  obtain  excellent  regulation  from  a  sole- 
noid, by  introducing  a  constant  oscillation  to  the  lever 
system  that  connected  the  relay  with  the  armature  of 
the  solenoid,  efifectively  eliminating  friction  of  rest. 
This  also  oscillated  the  relay,  causing  a  quite  violent 
opening  and  closing  of  the  main  valve  and  admit- 
ting the  steam  to  the  turbine  in  puffs.  At  that  time 
there  were  few  cases  in  Europe  where  alternating-cur- 
rent generators  operated  in  parallel,  so  the  electrical 
governor  was  satisfactory. 

The  governor  control  employed  by  the  Westing- 
house  Company  in  their  earliest  machines  employed  a 
similar  steam  relay,  substituting  a  speed  responsive  fly- 
ball  governor  for  the  Parsons  solenoid.  The  steam  re- 
lay went  through  a  process  of  elaboration  and  improve- 
ment. Arrangements  were  developed  for  the  automatic 
operation  of  by-pass  valves  by  the  same  system  to  en- 
able the  turbine  to  carry  heavy  overloads.  An  example 
of  this  valve  gear  is  shown  in  Fig.  30. 

The  character  and  the  quickness  of  governing  to 
be  obtained  with  such  a  mechanism  left  nothing  to  be 
desired.  An  objection  to  it  was  that  its  method  of  op- 
eration was  not  obvious  to  the  observer,  and  the  cause 
of  any  little  derangement  was  not  easily  diagnosed. 
Later  with  the  advent  of  larger  machines,  the  puff  sys- 
tem of  admitting  steam  was  found  to  cause  at  times  ob- 
jectionable reaction  and  vibration  in  the  main  steam 
lines  of  the  power  house,  so  that  by  1909  the  steam  re- 
lay began  to  be  abandoned  for  the  well-known  hydraulic 
relay  and  floating  lever  that  is  employed  today,  using  oil 
at  50  pounds  pressure  provided  by  the  regular  turbine 
oiling  system.  At  this  time  it  was  arranged  that  in 
cases,  of  smaller  turbines,  where  the  steam  flow  was 
20  000  pounds  or  less  per  hour,  no  steam  relay  would  be 
employed,  the  regular  governor  being  sufficiently 
powerful  to  operate  the  valves  direct. 

Control  Valves- — In  the  earlier  machines,  cast-iron 
or  ordinary  bronze,  double-beat,  poppet  valves  were 
thought  good  enough.  The  higher  superheats  and  larger 
capacities  of  today  have  brought  about  considerable 
changes  in  these  parts.  A  high  grade  nickel  bronze  is 
employed  for  quite  small  sizes.  Generally,  steel  is  em- 
ployed for  all  parts,  the  seats  in  both  the  valve  and  cage 
being  formed  by  monel  metal  rings  suitably  secured  in 
place,  the  life  of  which  appears  indefinite.     A  modern 


control  valve  with  its  relay  for  a  large  turbine  is  shown 
in  Fig-  31.  and  the  design  of  the  governor  controlling 
it,  in  Fig.  32. 

Automatic  Stop  Governors — All  machines  except 
the  earliest  have  been  provided  with  automatic  stops. 
There  has  been  no  particular  change  in  these  during 
the  last  ten  years.  In  earlier  machines,  it  was  thought 
preferable  that  the  automatic  stop  governor  should  op- 
erate a  separate  and  distinct  valve  in  the  main  steam 
line.  This  was  found  objectionable  in  some  cases  as  the 
separate  automatic  valve  would  never  be  operated  ex- 
cept in  the  emergency  when,  on  account  of  long  dis- 
use, it  may  be  found  to  be  inoperative.     It  was  there- 


FIG.   33 — MODERN    AUTOMATIC    THROTTLE   VALVE 

fore  abandoned  and  the  main  throttle  valve  itself  ar- 
ranged to  be  operated  automatically  by  the  stop  gover- 
nor. The  advantage  of  such  an  arrangement  is ; — first, 
the  valve  must  necessarily  be  maintained  tight ;  second, 
of  necessity  it  must  be  operated  every  time  the  turbine 
is  started  or  stopped;  and  third,  the  valve  may  be  par- 
tially closed  even  while  the  turbine  is  operating,  so  there 
may  be  assurance  of  no  sticking  in  the  pistons,  etc.  Fig. 
33  represents  a  modern  throttle  valve  of  this  type.  The 
seats  are  of  Monel  metal  which  appears  to  be  the  metal 
most  capable  of  resisting  the  erosive  action  of  steam. 

{To  be  continued.) 


iV(n<;ai(V.)    Cool  ('oiu.roll.;^ s  (c'oaL) 

H.  D.  James  and  A,  L.  Harvey 

In  the  February  issue  were  described  the  individual  units   from  which  complete  machine  tool  con- 
trollers can  be  made.     In   this  issue  various  applications  are  described. 


ONE  of  tJie  most  significant  movements  of  the  past 
year  or  two  has  been  the  effort  to  guard  employ- 
ees from  physical  injury.  The  principal  danger 
from  electrical  apparatus  is  a  shock  or  burn,  due  to 
contact  with  live  parts.  Control  apparatus  should  be  so 
guarded  that  the  operator  will  not  come  in  contact  with 
live  parts  when  handling  any  of  the  control  apparatus 
necessary  for  his  work.  It  should  also  be  protected  so 
that  tools,  pieces  of  iron,  chips,  or  other  material  can- 
not come  in- 
to accidental 
contact  with 
live  parts. 
This  may  be 
accomplished 
b  y  enclosing 
a  1  1  current 
carrying  parts 
and  providing 
p  rejecting 
handles  for 
the  operation 
of  the  switch- 
es; or  the  con- 
trol panel 
may  be  pro- 
tected by  grill 
work;  or 
placed  eight 
feet  above  the 
floor.  The 
master  c  o  n- 
troller  should 
b  e  arranged 
in  a  conveni- 
ent man  ner 
so  that  the 
operator      i  s 

not  required  to  reach  across  his  machine  or  in  any  way 
expose  himself  to  injury  during  the  operation  of  his 
machine.  This  convenience  also  increases  production. 
In  some  cases,  it  is  desirable  to  provide  several  sta- 
tions, from  which  a  machine  can  be  stopped  in  case  of 
accident.  These  stations  usually  consist  of  push  but- 
tons wired  in  series  with  the  operating  coil  of  the  con- 
tactor or  a  low-voltage  coil,  so  arranged  that  the  push- 
mg  of  any  button  opens  the  circuit  and  disconnects  the 
motor  from  the  line.  A  universal  wood-milling  machine 
which  is  metor-driven  and  provided  with  three  control 
elements  is  shown  in  Fig.  i.  At  the  base  of  the  ped- 
estal is  mounted  a  cabinet  containing  the  line  switch 
and  fuses  together  with  a  line  and  an  accelerating  con- 
tactor.    On  the  inside  of  the  cover  which  can  be  locked 


FIG.    1 — UNIVERSAL   WOOD    MILLING    MACHINE 

Driven  by  a  reversible  direct-current  motor  with  speed  adjustment  by  field  control. 


in  the  closed  position  is  attached  the  wiring  diagram 
and  instructions.  The  knife  switch  is  operated  by  a 
handle  extending  through  the  right-hand  side  of  the 
cabinet.  This  knife  switch  is  used  only  for  disconnect- 
ing purposes  and  can  be  locked  in  the  open  position. 
Near  the  center  of  the  table  and  located  on  either  side 
of  the  operating  levers  of  the  machine  is  located  a  field 
rheostat  and  a  drum  reversing  switch.  Both  of  these 
are  covered  to  prevent  contact  with  live  parts. 

A  radial 
drill  is  shown 
in  Fig.  2.  The 
same  cabinet 
is  used  as  in 
Fig.  I.  The 
motor  is  non- 
reversing  and 
the  master 
switch  is  com- 
bined with 
the  field  rheo- 
stat. Fig.  4 
illustrates  a 
coil  winding 
table.  A  num- 
ber o  f  these 
tables  are  lo- 
cated togeth- 
er and  in  the 
background 
can  b  e  seen 
the  control 
cabinets  for 
i-  i  X  tables. 
T  here  is  a 
handle  on  the 
outside  of  the 
box  for  open- 
ing the  knife  switch.  A  contactor  with  a  blowout  is  in 
series  with  the  motor;  two  other  contactors  short-circuit 
the  starting  resistor  during  acceleration.  Each  table  is 
provided  with  a  reversing  drum  controller  and  a  field 
rheostat.  The  drum  controller  also  serves  as  a  master 
switch  and  is  operated  by  a  treadle.  The  push  button, 
shown  underneath  the  reverse  switch  in  Fig.  4,  is  a  reset 
button  for  low-voltage  protection.  In  case  of  failure  of 
voltage,  the  motor  cannot  be  started  again  without  push- 
ing this  button. 

A  turret  lathe  with  an  older  form  of  control 
panel,  in  which  the  field  rheostat  is  mounted  on  the 
panel  with  the  contactors  is  shown  in  Fig.  3.  While 
many  of  these  panels  are  still  in  use,  they  may  not  com- 
ply with  many  safety  requirements  now  enforced,  as 
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FIG.    2 — ELECTRICALLY-OPERATED   RADIAL  DRILL 

Driven  by  non- reversing  shunt   motor  with   speed   adjustment 
by  field  control. 


FIG.    5 — WHEEL-LATHE    CONTROLLER 

When  this  panel  is  equipped  with  a  cover,  the  field  rheostat 

is  mounted  on  the  inside  and  operated  from  a  handle 

on  the  outside. 


FIG.    3 — ELECTRICALLY-OPERATED    TURRET    LATHE 


FIG.   6 — TURRET    LATUL    ,'.  iili 


Equipped    with   old    style    control    panel    which    has    the    field       For  reversing  service.     A  field  rheostat  in  the  bottom  of  the 
rheostat  mounted  with  the  contactors.  controller  is  used  to  adjust  the  speed  of  the  motor. 


FIG.    7 — WOTOR-DBIVEN    ENGINE    LATHE 

Operated    by    a    reversing    direct-current    motor,    with    speed       The  controller  is  operated  from  the  spline  shaft  of  the  lathe, 
adjustment  by  field  control  and  low-voltage  protection 
with  reset  button. 


FIG.   4 — SMALL   COIL   WINDING   TABLE 
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the  operator  can  readily  obtain  a  shock  by  carelessly 
placing  his  hands  on  a  live  part  of  the  control. 

Fig.  6  represents  the  use  of  a  drum  controller  ar- 
ranged for  armature  starting  and  speed  regulation  by 
field  control  on  a  turret  lathe.  The  controller 
^   ■  is  located  close  to  the  motor  on  the 

head  of  the  machine,  making  a  com- 
pact installation.  The  operator  man- 
ipulating the  machine  stands  within 
easy  reach' of  this  controller.  This 
same  form  of  controller  is  shown  in 
Fig.  7  operated  from  the  spline  shaft 


FIG.    8 — PVSH    BUT- 
TON   PEND.-kNT 
SWITCH 


FIG.    9 — PL.VNER    MASTER 
SWITCH 


of  the  lathe.  This  same  arrangement  can  be  used 
with  the  drum  reversing  switch  and  a  separate  control 
panel. 

The  methods  of  control  illustrated  in  Figs,  i  to  7 
are  very  simple,  consisting  of  a  line  switch  which  may 
or  may  not  reverse  the  motor,  together  with  suitable 
means  for  short  circuiting  the  starting  resistance.  A 
field  rheostat  may  be  added  where  adjustable  speed  mo- 
tors are  used.     Applications  of  this  kind  do  not  present 


FIG.    10 — REVERSING    PLANER    CONTROLLER 

Operating  a  4:1  speed  direct-current  motor.  The  handles 
for  the  field  rheostats  are  shown  in  the  cover  of  the  controller 
to  the  right  of  the  motor.  One  handle  is  used  for  adjusting 
the  speed  of  the  cutting  stroke  and  the  other  for  the  return 
stroke.  On  the  side  of  the  planer  is  shown  the  master  switch 
connected  to  the  reversing  gear  operated  by  the  platen  of  the 
planer.  In  front  of  the  planer  head  is  shown  the  pendant 
switch.  Close  to  the  main  motor  is  a  small  drum  reversing 
switch  for  controlling  the  motor  which  operates  the  tool 
carriage. 

any  unusual  control  features.  While  they  can  readily 
be  made  up  from  the  units  described  in  the  Journal  for 
February  '18,  p.  63,  the  arrangement  must  be  made  to 
suit  the  particular  design  of  machine.  Some  other  ap- 
plications, however,  require  considerably  more  study. 


WHEEL    LATHE 

The  application  to  the  wheel  lathe  requires  special 
consideration  in  order  to  obtain  the  maximum  conven- 
ience in  the  operation  of  a  machine  designed  for  this 
particular  purpose.  The  controller  is  illustrated  in 
Fig.  5  and  is  operated  by  a  push-button  station  having 
buttons  marked  start,  stop  and  slozv.  This  push-but- 
ton station  can  be  arranged  for  suspension  by  a  flexible 
cord,  and  used  as. a  pendant  switch  as  shown  in  Fig.  8. 
The  controller  is  non-reversing  and  is  provided  with 
current  limit  acceleration.  If  it  is  necessary  to  reverse 
the  lathe  for  any  purpose,  it  can  be  done  by  means  of 
the  knife  switch  shown  at  the  bottom  of  the  panel  in 
Fig.  5.  In  the  cover  of  the  panel  is  located  the  field 
rheostat  with  the  handle  projecting  to  the  outside.  In 
turning  up   a   large   wheel,   hard   spots   are   often   en- 


FIG.    II — REVERSIBLE   PLANER   CONTROLLER 

For  use  with  adjustable  speed  direct-current  motors.  The 
field  rheostats  are  mounted  inside  the  cover  and  operated  from 
the  handles  on  the  face  of  the  cover  as  shown  in  Fig.  10. 
One  rheostat  is  for  the  cutting  stroke  and  the  other  for  the 
return  stroke. 

countered  requiring  a  slow  cut  over  a  part  of  the  cir- 
cumference. This  can  be  obtained  by  depressing  the 
button  marked  slow.  "Inching"  of  the  motor  can  be  ob- 
tained by  manipulating  the  start  and  stop  buttons.  This 
is  very  desirable  in  setting  up  work. 

PLANER   CONTROL 

When  a  reversible  motor  is  used  for  driving  a 
planer.  Fig.  10,  the  motor  must  be  stopped  and  started 
quickly  in  the  reverse  direction.  This  requires  a  spe- 
cial motor,  as  well  as  a  special  controller.  It  is  desir- 
able to  have  a  motor  which  gives  a  large  torque  with  a 
small  diameter  of  armature.  The  work  done  in  revers- 
ing the  platen  of  the  planer  consists  in  dissipating  the 
stored  energy  in  the  moving  parts  until  the  platen  comes 
to  rest,  and  then  storing  energy  in  the  moving  parts  dur- 
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ing  acceleration  in  the  reverse  direction.  As  the  planer 
platen  moves  slowly,  it  has  very  little  stored  energy. 
Most  of  the  energy  stored  is  in  the  motor  armature ; 
hence  the  larger  the  diameter  of  the  armature,  the  more 
work  must  be  done  in  reversing.  This  requirement  has 
resulted  in  the  production  of  motors  designed  for  this 
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-CONNECTIOXS    OF    REVERSING    PLANER    MOTOR    CONTROL 
PANEL- 

Shown  in  Fig.  ii. 


particular  service  and  known  as  planer  motors.  These 
motors  usually  have  a  speed  adjustment  of  4:1  by  shunt 
field  control.  Two  field  rheostats  are  used,  one  of  which 
controls  the  speed  during  the  cutting  stroke  and  the 
other  rheostat  during  the  return  stroke.  An  arrange- 
ment of  this  kind  is  necessary  so  that  the  adjustment  of 
the  cutting  stroke  to  suit  the  work  will  not  interfere 
with  the  speed  of  return.  During  the  stopping  and  ac- 
celeration period,  both  field  rheostats  are  short-cir- 
cuited automatically  to  give  the  motor  the  maximum 
torque  during  this  part  of  the  cycle. 

A  master  switch,  as  shown  in  Fig.  9,  is  located  on 
one  side  of  the  planer  and  operated  by  a  shifting  me- 
chanism controlled  by  projections  from  the  platen  of 
the  planer.  These  projections  or  "dogs",  can  be  ad- 
justed to  limit  the  travel  of  the  platen  in  each  direction. 
The  master  switch  is  operated  like  the  belt  shifting  de- 
vice on  the  old  planers.  Sometimes  this  master  switch 
has  been  combined  with  a  switch  for  reversing  the  di- 
rection of  the  motor.     This  caused  considerable  arcing 


FIG.    13 — GROUP   OF   WOOD   TURNING   LATIIF.S 

Equipped  with  four-speed,  squirrel-cage  motors  which  are 
totally  enclosed  and  operated  by  drum-type  controllers.  These 
controllers  are  located  back  of  the  leg  of  the  lathe  with  their 
operating  handles  near  the  head  of  the  lathe. 

in  this  switch  and  therefore  much  better  service  can  be 
obtained  by  using  magnet  contactors  for  switching  the 
motor  circuit  and  using  the  master  switch  only  for  the 
purpose  of  controlling  the  small  wire  circuits  to  the 
contactor. 

Controllers  for  planer  service  require  rapid  accel- 
eration and  therefore  the  starting  resistance  is  short- 
circuited  in  one  or  two  steps.  Even  with  a  150  horse- 
power motor,  starting  in  one  step  has  been  found  to  give 
the  best  results  when  the  motor  and  control  are  adapted 


for  such  operation.  When  it  is  realized  that  the  platen 
of  the  planer  may  pass  through  the  cutting  and  return 
stroke,  making  a  complete  cycle  in  six  or  seven  seconds, 
the  speed  of  stopping  and  accelerating  is  very  impor- 
tant. 
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FIG.    14 — ARRANGEMENT   OF   CONTROLLER   FOR   A    HYDRAULIC 
ACCUMULATOR 

For  use  in  forge  shops. 

It  is  desirable  to  provide  for  an  emergency  stop  in 
case  of  failure  of  voltage.  A  common  method  of  ob- 
taining this  is  to  short-circuit  the  motor  armature 
through  a  resistance  and  at  the  same  time  short-circuit 
the  field  rheostat.  This  causes  the  motor  to  operate  as 
a  self-excited  shunt  generator.  Usually  there  is  suffi- 
cient residual  magnetism  in  the  motor  field  to  make  this 
operation  satisfactory.  Where  it  is  necessary  to  take 
extra  precaution,  a  mechanical  brake  with  a  mag^netic 
release  can  be  mounted  on  an  extension  of  the  motor 
shaft.  The  magnet  windings  are  energized  by  line  volt- 
age to  release  the  brake,  therefore  on  failure  of  line 
voltage  tlie  brake  sets.  The  brake  wheel  adds  to  the 
stored  energy  of  the  armature  of  the  motor ;  the  magnet 


FIG.    15— ELECTRICALLY-OPERATED    SLOTTER 

•Driven  by  a  20  hp,  4:1  reversing  planer  motor.     The  con- 
troller used  is  similar  to  that  shown  in  Fig.   11. 

winding  consumes  energy-  while  the  planer  is  operating; 
the  brake  itself  takes  up  extra  room  and  requires  a  spe- 
cial extension  of  the  motor  shaft.  For  these  reasons, 
the  brake  is  not  used  except  where  it  is  important  to 
make  a  positive  emergency  stop. 
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Fig.  12  shows  a  wiring  diagram  and  Fig.  11,  a 
standard  control  panel  which  has  had  a  wide  applica- 
tion. This  panel  provides  for  d3-namic  brak- 
ing by  connecting  the  motor' as  a  self -excited  shunt 
generator  in  case  of  the  failure  of  line  voltage.  The 
direction  of  rotation  of  the  motor  is  controlled  by 
double-pole  magnetic  contactors,  shown  at  the  top  of  the 
panel  on  Fig.  11.  The  contactors  are  interlocked  by  a 
steel  rod,  which  prevents  both  directional  switches  being 
closed  at  the  same  time.  Each  directional  switch  is  pro- 
vided with  a  back  contact  shown  as  lA  and  2A  on  the 
diagram  in  Fig.  12,  which  complete  the  dynamic  brake 
circuit.  When  either  directional  switch  is  closed,  this 
back  contact  is  opened,  disconnecting  the  brake  circuit. 
The  shunt  field  remains  connected  across  the  line  when 
the  planer  is  being  operated.  It  is  provided  with  two 
field  rheostats,  only  one  of  which  is  shown  on  the  dia- 
gram, one  rheostat  being  for  forward  operation  and  the 
other  for  reverse  operation.  The  particular  rheostat  in 
use  is  selected  bv  the  master  switch.  Connections  are 


FIG.    16 — METHOD   OF   GROUPING    MACHINE   TOOL   CONTROLLERS 

On  either  side  of  the  distributing  cabinet.  If  this  row  of 
controllers  is  protected  by  a  screen,  it  will  meet  safety  require- 
ments, as  the  operation  of  the  motor  is  by  a  push-button  or 
master  switch  and  the  operator  is  not  required  to  handle  any 
apparatus  on  the  control  panel. 

arranged  so  that  these  tield  rheostats  are  short-circuited 
during  acceleration  by  means  of  a  contact  attached  to 
the  accelerating  contact  5  in  Fig.  12.  The  small  con- 
tactor in  the  lower  right-hand  side  of  the  panel  is  used 
for  no  voltage  protection.  On  failure  of  voltage,  the 
planer  is  stopped  and  cannot  start  again  until  the  reset 
button  is  operated. 

In  addition  to  a  master  switch  operated  by  the 
platen  of  the  planer,  a  pendant  switch,  Fig.  8,  may  be 
provided  having  push  buttons  marked  master,  pendant, 
cut  and  return.  When  the  master  button  is  pressed, 
the  master  switch  controls  the  operation ;  when  the  but- 
ton marked  pendant  is  pressed,  the  operation  is  con- 
trolled by  depressing  either  the  cut  or  return  button. 
It  is  necessary  to  hold  these  buttons  down,  so  that  the 
motor  will  come  to  rest  automatically  if  the  operator 
releases  the  pendant  switch.  In  addition  to  these  but- 
tons, the  reset  button  may  be  included  in  the  pendant 
switch.     The  use  of  this  pendant  switch  adds  greatly 


to  the   convenience   of   the  operator   in   setting   up   his 
work. 

As  an  added  precaution,  the  master  switch  is  wired 
so  that  both  sides  of  the  operating  coils  are  discon- 
nected   when    the    switch    is    in    the    ojf   position.     In 
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FIG.    17 — MOTOR-DRIVEN    SH.M'EU    WITH    DRU.M    CONTROLLER 

Having  armature  starting  and  field  regulation,  showing  a 
neat  and  compact  arrangement  for  electric  drive. 

designing   controllers,    it    is    desirable    to    eliminate    as 
many  interlocks  and  relays  as  possible. 

The  planer  type  of  control  has  been  used  with  slot- 
ters.  Fig.  15,  planers,  shapers,  key  seaters,  and  gear- 
cutting  machinery.  Each  of  these  applications  differs 
to  some  extent  from  the  standard  planer,  and  it  is  not 
desirable  to  apply  a  standard  controller  without  an 
investigation.  This  is  particularly  true  in  the  applica- 
tion to  gear  cutting  machinery.  Some  of  these  ma- 
chines oscillate  the  gear,  and  at  the  same  time  move  the 
tool  forward  and  back.  If  the  gear  is  very  heavy,  the 
rapid  oscillation  of  this  gear  imposes  a  severe  duty  up- 
on the  whole  equipment  and  care  must  be  taken  to  pre- 
vent seriously  racking  the  apparatus. 


ITG.    IS — I'L.VNliR    WITH    .VL'TUS  1  .\HTER    AND   CONTINUOUSLY 
OPERATING    ALTERN.VTING-CURRENT    MOTOR 

The  reversing  of  the  platen  is  done  by  shitting  belts.  This 
makes  a  very  good  arrangement  for  alternating-current  drive. 
The  guard  on  the  side  of  the  planer  serves  to  prevent  injury 
to  the  operator. 

A  modification  of  the  reversing  planer  equipment 
is  the  non-reversing  equipment.  The  direction  in  which 
the  platen  travels  is  changed  by  mechanical  means  and 
the  motor  permitted  to  run  continuously  in  one  direc- 
tion.    Provision,  however,  is    made    for    changing   the 
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speed  of  this  motor  by  adjusting  the  field  so  that  a  dif- 
ferent speed  of  platen  can  be  used  for  the  cutting  and 
return  strokes.  This  equipment  permits  the  use  of  a 
standard  motor,  but  in  many  respects  is  not  as  econo- 
mical as  the  reversing  equipment  and  sometimes  di^^^i- 
culty  is  experienced  with  the  mechanical  reversing 
drive,  due  to  wear.  Such  an  arrangement,  however, 
lends  itself  readily  for  attachment  to  standard  planers, 
formerly  designed  for  line  shaft  drive. 


The  development  of  the  wheel  lathe  and  the  planer 
controllers  shows  the  advantage  of  electric  drive  for 
machine  tools  where  a  proper  equipment  is  designed 
and  the  machine  tool  built  for  such  an  equipment. 
Many  special  machine  tools  are  being  designed  for  mo- 
tor drive;  if  a  proper  study  of  the  conditions  is  made, 
present  experience  in  this  art  enables  the  electrical  en- 
gineer to  provide  a  suitable  equipment  to  meet  the  most 
exacting  conditions. 


Perlofllcnl  lBsx(lalk)ji  To^U 


p.  M.  Lincoln 


AN  EDITORIAL  in  the  October,  1917,  issue  of 
the  Journal,  under  the  above  caption,  raised  the 
question  as  to  the  proper  tests  to  apply  to  elec- 
trical apparatus  after  it  had  seen  actual  service.  The 
following  brief  questionaire  was  attached  to  that  edi- 
torial : — 

I — What  companies  apply  potential  tests  to  the  insulation 

of  their  generators  and  other  similar  apparatus? 
2 — How  frequently  is  such  a  potential  test  applied? 
3 — What   test   voltage   is    applied    (measured   in    terms    of 
normal  operating  voltage)  ? 

This  questionaire  has  brought  forth  eighty  replies, 
scattered  among  public  service  companies  of  twenty- 
seven  states  in  all  parts  of  the  country.  In  the  present 
article  a  brief  summary  is  made  of  these  replies,  as  well 
as  some  further  comment  upon  the  general  subject. 

Of  the  eighty  replies  received,  seventy-five  admit, 
more  or  less  frankly,  that  no  attempt  has  been  made  to 
apply  periodical  high  potential  tests  to  generators  and 


other  apparatus  for  the  purpose  of  determining  the  con- 
dition of  the  insulation  after  the  apparatus  had  once 
been  placed  in  regular  service.  In  many  instances,  this 
generalization  was  modified  by  the  statement  that  the 
apparatus  was  given  a  potential  test  when  new,  or  after 
repairs,  or  when  there  was  any  good  reason  to  suspect 
the  integrity  of  the  insulation.  Five  companies  out  of 
the  eighty  reported  that  periodical  potential  tests  were 
applied.  These  five  cases  are  of  suflicient  interest,  we 
believe,  to  give  their  practices  in  more  or  less  detail. 

The  Commonwealth  Edison  Company,  of  Chicago, 
III.,  probably  have  the  most  comprehensive  schedule  of 
tests  which  has  so  far  been  adopted.  This  Company 
applies  a  high  potential  test  to  their  apparatus  once  a 
year,  after  the  regular  annual  over-hauling  and  clean- 
ing. The  schedule  of  tests  that  are  applied  to  various 
classes  of  apparatus  is  as  follows : — 


CLASS  OF 
APPARATUS 


Generators 

Armatures  {nezv) 
Armatures  {old) 


Fields  {new) 

Fields  {old) 

High-tension  busses 

Exciter  Busses 
Exciters  no  volts 

Transformers 


Wiring 

Neutral  Resistances 


C0MM0N\\-EALTn    EDISON    CO.,    STANDARD    ALTERNATING- 
CURRENT  TESTS  ON  NEW  AND  OLD  APPARATUS. 

Twice  the  normal  voltage  of  the  circuit  to  which  it  is 
connected,  plus  1000  volts,  (i  minute.) 

4500  volt  armatures,  test  at  10  000  volts,  30  seconds. 

9000  volt  armatures,  test  at  15  000  volts,  30  seconds. 

12000  volt  armatures,  test  at  18000  volts,  30  seconds. 

no  volt  excitation,  test  at  1500  volts,    (i  minute). 

220  volt  excitation,  test  at  2500  volts,   (i  minute). 

To  include  field  cables  and  exciter  if  on  the  generator 

shaft. 

no  volt  excitation,  1200  volts  (i  minute). 
220  volt  excitation,  2000  volts  (i  minute). 
Twice  the  normal  operating  voltage,  plus  2000  volts,  ( i 
minute). 

1500  volts,  (i  minute). 

1500  volts  (i  minute).  To  include  armature,  field 
cables  and  all  connected  apparatus. 
Twice  the  normal  voltage  of  the  circuit  to  which  it  is 
connected,  both  primary  and  secondary  windings,  (i 
minute),  in  no  case  less  than  1500  volts  on  low  voltage 
windings. 
Control  and  secondary  wiring  1500  volts,   (i  minute). 

5000  volts  between  grids  and  frame,  i  minute. 
10  000  volts  between  frame  and  ground,  i  minute. 


A.  I.  E.  E.  RULES 

A.  I.  E.  E.  rules 

No  rule 

No  rule 

No  rule 

Ten  times  the  exciter 

voltage  but  in  no  case 

less    than      1500     or 

more  than  3500  volts 

No  rule 

No  rule 

No  rule 
No  rule 

No  rule 


No  rule 
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The  Niagara  Falls  Pozvcr  Company,  Niagara  Falls, 
N.  Y.,  report  the  following  schedule: — 

"Every  two  weeks  our  2200  volt,  two-phase,  generators  are 
subjected  to  a  breakdown  test  of  4000  volts  for  a  period  of  five 
minutes.  This  test  is  between  phases  and  between  each  phase 
and  ground. 

Everv  two  weeks  the  12000  volt,  three-phase  generators  in 
our  Canadian  plant  are  subjected  to  a  bre:ikdo\vn  test  of  15000 
volts  between  windings  and  ground  foi  a  period  of  five 
minutes." 

The  Interborough  Rapid  Transit  Company,  of  New 
York  state  that  they  test  their  generators,  cables,  and 
high  tension  side  of  transformers  at  19  000  volts  to 
ground  for  two  minutes.  The  600  volt  sides  of  trans- 
formers and  rotary  converters  are  tested  at  2000  volts, 
two  minutes.  These  tests  are  applied  annually  after  the 
regular  summer  overhauling.  The  high  tension  side  of 
this  system  is  operated  at  11  000  volts. 

In  this  connection,  in  a  letter  dated  July  11,  1910, 
the  late  Mr.  H.  G.  Stott  informed  the  writer  that  at 
that  time  it  was  the  custom  of  this  company  to  apply  a 
22  000  volt  test  to  ground  on  their  high  tension  appara- 
tus, and  2500  volt  test  to  ground  on  the  600  volt  appara- 
tus, instead  of  the  figures  given  above.  Presumably 
the  lowered  test  voltage  has  been  adopted  on  account  of 
the  aging  of  the  insulation  since  1910. 

The  Edison  Electric  Illuminating  Company  of 
Brooklyn  report  that  they  apply  a  potential  test  to  their 
generators  once  a  month  and  that  the  value  of  the  test 
is  150  percent  of  normal  operating  voltage  for  five  min- 
utes. Their  operating  voltage  is  6600  volts  and  they 
report  no  insulation  breakdown  from  these  tests. 

The  Philadelphia  Rapid  Transit  Company  report : — 

"Our  generating  stations  are  equipped  with  special  testing 
equipment  and  the  necessar}-  bus-bar  and  switching  arrange- 
ments for  applying  variable  voltage  tests  to  all  parts  of  the 
alternating-current  generator  windings  and  tmderground  cable 
system.  These  tests  are  made  at  regular  intervals ;  the  voltage 
being  brought  from  zero  to  a  value  not  exceeding  10  percent 
above  normal. 

The  length  of  the  time  between  tests  varies  with  the 
different  types  of  equipment.  On  some  types  of  apparatus,  the 
tests  are  made  monthly,  on  others,  particularly  our  high 
tension  feeders,  the  tests  are  made  approximately  every  three 
months. 

_  Particular  attention  is  given  to  the  tests  of  insulation 
resistance  on  all  alternating-current  generator  field  circuits. 
These  tests  are  made  with  a  standard  1000  volt  "Megger"  and 
the  results  are  carefully  plotted  on  record  cards.  This  in- 
formation serves  as  a  very  accurate  indication  of  the  condition 
of  our  field  insulation  and  has  proven  of  considerable  value 
in  the  operation  of  our  generating  units." 

The   foregoing  companies  are  the  only  ones   that 

have  reported  making  potential  tests  periodically  with 

a  view  of  determining  the  condition  of  the  insulation. 

The  smallness  of  the  number  of  companies  making  such 

tests,  as  well  as  the  wide  variation  of  their  practice, 

makes  it  difficult  to  suggest  a  standard  practice  either 

in  regard  to  the  value  of  the  voltage  to  be  applied,  the 

time  of  this  application,  or  how  frequently  to  apply  the 

test.     Another  consideration,  which  makes  it  difficult, 

if  not  impossible,  to  suggest  the  standardization  of  such 

tests,  is  that  they  inust  always  be  made  with  a  view  to 

the  local  conditions  which  dictate  the  time  of  the  year 

or  day  when  a  given  unit  can  be  spared   for  a  long 

enough  period  to  make  repairs,  should  the  application 

of  such  a  test  result  in  the  breaking  down  of  the  insu- 


lation.    Tliis  is  a  matter    which    must,    of    course,    be 
governed  in  each  case  by  local  conditions. 

About  twenty  percent  of  the  companies  replying 
to  the  qitestionaire  state  that  they  test  the  insulation  of 
their  generators  and  other  apparatus  periodically  with 
a  "Megger"  or  with  some  other  device  which  shows 
the  value  of  the  insulation  resistance.  Some  companies 
state  that  all  of  their  determinations  upon  the  condition 
of  insulation  are  made  in  this  manner.  This  senses  to 
raise  again  the'  question  as  to  the  worth  of  insulation 
resistance  as  a  measure  of  the  ability  of  insulation  to 
withstand  the  stresses  due  to  normal  operation. 

As  pointed  out  in  the  October  1917  editorial,  there 
are  a  number  of  things  that  cause  insulation  to  deterio- 
rate. "Deterioration  of  insulation  may  occur  from 
mechanical  shock  or  rupture,  vibration,  moisture,  heat 
— all  may  contribute  to  this  deterioration  and  at  a  rate 
impossible  to  predetermine.  So  far  as  we  know  there 
is  no  infallible  method  of  determining  the  condition  of 
insulation  without  actually  applying  a  potential  test. 
The  megger  or  any  other  means  of  determining  insula- 
tion resistance  gives  an  indication  of  some  value,  but  it 
is  possible  for  the  insulation  to  show  satisfactory  resist- 
ance and  still  be  on  the  verge  of  a  breakdown  under 
normal  operation." 

Further,  insulation  resistance  is  in  general  simply 
a  measure  of  the  quantity  and  temperature  of  the 
moisture  content  of  insulation.  This  quantity  may 
vary  over  wide  limits  and  this  variation  may  occur 
without  endangering  in  any  way  the  integrity  of  the 
insulation.  As  a  measure  of  the  ability  of  insulation  to 
stand  the  stresses  of  normal  operation,  therefore,  the 
determination  of  insulation  resistance  leaves  much  to 
be  desired.  We  see  no  method  of  making  an  adequate 
determination  of  the  ability  of  insulation  to  stand  up 
under  normal  operating  conditions  without  applying  an 
actual  potential  test  on-  the  insulation.  While  it  is  un- 
fortunate that  the  insulation  must  be  subjected  to  the 
danger  of  breakdown  in  order  to  find  out  if  it  is  in 
proper  condition,  this  should  not  deter  the  operating 
engineer  from  making  tests. 

One  thing  that  the  study  of  this  matter  has 
brought  out  very  clearly,  is  that  there  is  still  much  to  be 
learned  concerning  the  question  of  deterioration  of  in- 
sulation due  to  normal  operation  of  generators,  trans- 
formers and  the  like.  Operating  engineers  should  take 
every  occasion  to  increase  our  store  of  knowledge  on 
this  important  matter.  In  this  connection,  an  interest- 
ing suggestion  has  been  made  by  Mr.  S.  C.  Lindsay,  of 
the  Puget  Sound  Traction,  Light  &  Power  Company  of 
Seattle.  Mr.  Lindsay  suggests  that  each  time  it  be- 
comes necessary  to  rewind  any  generating  or  trans- 
forming apparatus,  it  would  be  highly  desirable  to  make 
tests  to  destruction  in  order  to  determine  the  strength 
of  the  insulation  before  the  winding  is  removed  for  the 
purpose  of  putting  on  the  new  windings.  If  this  could 
be  done  every  titne  a  machine  is  rewound,  it  would  re- 
sult eventually  in  the  collection  of  a  valuable  amotmt  of 
data.  We  commend  this  suggestion  and  hope  that  some 
m.eans  can  be  foutid  to  carry  it  out. 


Curr^iii:  Cap<uxlty  of  Coppov  T\(ts  >Bars 
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FIG.    I — EFFECT    OF    SPACING    ON    THE    CURRENT-CARRYING    CAPACITY 
OF    DIRECT-CURRENT    COPPER    CONDUCTORS 

I — I  Strap,  3  inch  by  %  inch. 

2^2  straps,  3  inch  by   %   inch  with  %   inch  spacing. 

3 — 2  straps,  3  inch  by  %   inch  with  %   inch  spacing. 

4 — 8  straps,  3  inch  b\-   %   inch  with  %   inch  spacing. 

5 — 8  straps,  3  inch  by  %   inch  with  V4   inch  spacing. 

DIRECT-CURRENT  CONDUCTORS 

Since  the  temperature  rise  of  a  conductor  carry- 
ing a  direct  current  depends  upon  the  amount  of  sur- 
face exposed  to  the  air  and  the  resistance  of  the  conduc- 
tor, it  is  evident  that  a  conductor  large  enough  in  cross- 
section  to  carry  several  thousand  amperes  with  a  given 
rise,  can  be  replaced  by  several  small  conductors  with  a 
total  surface  greater  than  that  of  the  large  conductor, 
but  with  a  smaller  total  cross-section. 

Assume  a  relatively  small  increase  in  the  thickness 
of  a  single  strap  conductor  as  compared  to  its  width. 
Neglecting  the  slight  additional  radiating  surface  due 
to  increasing  the  thickness,  the  current  carrying  capac- 
ity for  a  given  temperature  rise  may  be  calculated  as 
follows : — 

Let  Ij-R  =  the  watts  loss  in  a  copper  strap  of  unit 

given  temperature   rise,  and  l^  —  = 


or 


F.    M.    BiLI.HIMER 

THE  EXTENT  to  which  operating  temperatures 
may  be  reduced  economically  by  the  use  of  large 
conductors  and  special  construction  will  depend 
upon  the  cost  of  copper  and  the  nature  of  the  load ;  for 
example,  a  heavy  intermittent  current'  may  often  be 
carried  by  small  conductors  if  the  resultant  high  tem- 
perature is  less  objectionable  than  the  required  invest- 
ment in  copper  necessary  to  secure  a  lower  temperature. 
The  practice  of  specifying  a  current  density  for 
copper  conductors  is  commonly  insufficient  to  insure 
that  the  conductors  will  operate  within  the  desired  tem- 
perature limits.  A  better  way  is  to  state  the  tempera- 
ture rise  allowable  as  this  quantity  depends  upon  the 
current  distribution  within  the  conductor,  and  the  read- 
iness with  which  the  conductor  gives  off  its  generated 
heat.  The  dissipation  of  heat  depends  upon  the  posi- 
tion with  regard  to  other  conductors,  size  and  shape  of 
the  conductor,  and  upon  the  amount  of  current  to  be 
carried. 


the  watts  loss  in  a  copper  strap  of  twice  the  thickness 
of  the  above  strap,  but  of  the  same  width,  for  the  saine 
temperature  rise.  Since  the  watts  lost  are  the  same  it 
follows  that: — 

R 


I{.R  =  7,2- 


/»-  = 


2h^R 

R 


Let  /j  =  unity. 

I..  =  Y  2  =  1.41 

This  means  that  the  capacity  of  a  strap  conductor 
is  increased  only  41  percent  by  doubling  its  thickness 
when  the  width  remains  constant.  The  same  law  ap- 
plies to  a  conductor  built  up  of  two  or  more  straps  if 
little  or  no  air  space  is  left  between  the  several  straps, 
as  may  be  seen  from  test  results  as  shown  on  curves  i 
and  2,  Fig.  i. 

The  current  carrying  capacity  at  20  degrees  C.  rise 
for  various  thicknesses  is  shown  in  Table  I. 


TABLE  I— CURRENT-CARRYING  CAPACITY  OF 
STRAP  CONDUCTORS 


Size  of  Bar  in  Indies   1    Capacity  Factor 

Amperes, 
Direct  Current 

3  by   % 
3  by  y* 
3  by   % 
3  by   y. 

1. 00 
1.41 
1-73 
2.00 

600 

846 

1038 

1200 

thickness   for  a 


As  given  in  the  above  tabulation,  one  strap  3  by  J^ 
inch  will  carry  600  amperes  direct-current  with  a  rise 
of  20  degrees  C,  while  one  3  by  J4  '"ch  strap  will  carry 

only  1  2  times  the  capacity  of  the  ^  inch  strap,  or  S46 
amperes.  If  a  3  by  f^  inch  strap  be  used,  the  current 
carrying  capacity  will  be  13" times  the  capacity  of  the 
Yz  inch  strap.  The  fact  that  the  current  carrying  ca- 
pacity of  a  rectangular  copper  strap  varies  directly  with 
the  width  and  not  directly  as  the  thickness  of  the  strap 
for  a  given  temperature  rise  may  be  further  illustrated 
by  considering  two  3  by  ^  inch  copper  bars  placed  edge 
to  edge,  making  an  equivalent  6  by  %  inch  bar.  The 
current  carrying  capacity  of  this  arrangement  is  twice 
the  capacity  of  one  bar.  Two  such  straps  placed  side 
by  side  without  leaving  any  air  space  between  them  are 
the  equivalent  of  a  3  by  ^  inch  bar  with  one-half  the 
resistance  of  one  Yt,  inch  bar,  and  have  a  carrying  ca- 
pacity of  1. 41  times  that  of  one  3  by  Yi>  i"ch  copper  bar. 
The  question  of  spacing,  where  straps  are  used  in 
multiple  to  form  a  bus-bar  or  heavy  capacity  conductor, 
is  worthy  of  careful  consideration  since  a  spacing  of 
the  several  straps  Ya  '"ch  instead  of  Yi  i"ch  will  often 
mean  a  considerable  reduction  in  the  operating  temper- 
ature. Curves  2,  3,  4  and  5  of  Fig.  i  illustrate  this 
point  for  two  different  sizes  of  conductors.  Spacings 
of  Y  inch  or  greater  would  of  course  be  advisable  in 
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some  instances  where  the  space  occupied  by  the  conduc- 
tor is  not  Hmited  and  the  temperature  rise  witli  the 
smaller  spacing  would  be  objectionable. 

ALTERNATING-CURRENT   CONDUCTORS 

The  problems  which  are  encountered  in  the  appli- 
cation of  conductors  to  direct-current  circuits  also  ap- 
ply to  alternating-current  circuits,  but  in  addition  to  the 
limits  which  resistance,  shape  and  spacing  place  upon 
the  capacity  of  the  direct-current  conductor,  skin  effect 
and  mutual  induction  must  also  be  considered,  as  these 
factors  cause  non-uniform  current  distribution  in  the 
alternating-current  conductor. 

If  the  conductor  has  a  large  cross-section,  the  al- 
ternating magnetic  field,  in  cutting  the  conductor,  will 
set  up  differences  of  potential  between  the  different 
parts  of  the  conductor,  thus  causing  local  or  eddy  cur- 
rents in  the  copper.  The  alternating-current  in  the  con- 
ductor produces  a  magnetic  field  inside  as  well  as  out- 
side of  the  conductor,  and  the  lines  of  magnetic  force 


FIG.    2 — V.\RI.-\TION    OF    TEMPERATURE    WITH    DIFFERENT    E.\R 
SPACINGS 

In  a  conductor  composed  of  eight  3  by    %    inch  copper  Uars 
carrying  3000  amperes  of  60  cycle  current. 

which  close  themselves  inside  of  the  conductor  gener- 
ate electromotive  forces  in  their  interior  only.  The 
counter  e.m.f.  of  self-induction  is  therefore  largest  at 
the  conductor  axis  and  least  at  the  surface;  with  the 
result  that  the  current  density  is  greater  at  the  surface 
than  at  the  center  of  the  conductor. 

In  practice  this  phenomenon  becomes  more  pro- 
nounced at  the  higher  frequencies.  The  difficulties  are 
often  avoided  by  using  a  shape  of  conductor  such  that 
unequal  current  distribution  is  reduced  to  such  an  ex- 
tent that  it  is  not  objectionable,  through  the  use  of  a 
tubular  or  flat  conductor,  or  several  conductors  in 
parallel. 

The  selection  of  suitable  conductors  for  use  on  al- 
ternating-current circuits  of  high  or  even  25  or  60 
cycles  has  received  considerable  attention  during  the 
last  few  years,  due  to  the  fact  that  heavy  current  in- 
stallations are  becoming  quite  numerous.  In  fact,  the 
need  of  a  careful  survey  of  each  high  current  proposi- 
tion is  imperative  in  order  that  unnecessary  expense 
may  be  avoided  by  placing  copper  where  it  will  do  the 
most  good. 


The  results  of  some  single  phase  60  cycle  tests 
made  on  a  conductor  composed  of  eight  3  by  J^  inch 
copper  bars  carrying  3000  amperes  are  given  in  Fig.  2. 
The  temperatures  resulting  from  different  spacings  of 
the  bars  of  the  conductor,  and  different  spacings  of  the 


FIG.    3—  \  ARl-VTION   OF   TEMPERATURE   WITH    SPACING    OF   TWO 
CONDUCTORS 

-\s   shown  in   Fig.  4.     Each  conductor   consists  of   eight  3   by 

%   inch  copper  bars  and  carries  3000  amperes  of  60 

cycle  current. 

conductor  from  its  return  circuit,  show  the  combined 
eft'ect  of  the  self-induction  of  the  individual  conductors 
and  of  the  mutual  induction  of  the  two  conductors  un- 
der the  several  conditions. 

The  effect  of  self  induction  is  to  cause  most  of  the 
current  of  the  individual  conductors  to  be  forced  to 
the  surface  of  the  conductor,  while  mutual  induction 
causes  a  non-uniform  distribution  of  current  such  that 
the  side  of  the  conductor  adjacent  to  the  conductor  of 
opposite  instantaneous  polarity  has  a  higher  current 
density  than  the  outer  portion  of  the  conductors,  thus 
causing  excessive  heating  of  the  inner  side  of  the  con- 
ductor. 

Curves  /  and  2  of  Fig.  2,  show  that  there  is  a  tem- 
perature difference  of  30  degrees  C.  between  the  out- 
side and  the  inside  bars  of  the  conductor  for  the  %  inch 
spacing  of  bars,  when  the  conductors  are  spaced  three 
inches  apart  between  adjacent  sides  of  the  conductor 
and  its  return  circuit.  This  diiTerence  of  temperature 
decreases  to  23  degrees  for  a  six  inch  spacing  of  con- 
ductors and  to  19  degrees  for  a  nine  inch  spacing  of  the 
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CONDUCTORS  CURRENT-CARRYING    CAPACITY   OF 

Composed  of  eight  3  by   Vs  conductors 

inch  copper  bars  with   %   inch  For  60  cycle,  25  cycle  and 
spacing      between      individual  direct-current, 

l-ars. 

conductors.  Curves  j  and  4  of  Fig.  3  illustrate  the 
gradual  decrease  in  this  difference  if  the  conductors  are 
further  removed,  until  the  resultant  temperature  finally 
is  uniform  for  the  inner  and  outer  sides  of  the  conduc- 
tor while  carrying  3000  amperes  at  60  cycles.  The  posi- 
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tions  of  the  conductors  with  reference  to  their  return 
circuits  are  shown  in  Fig.  4  for  the  %  inch  spacing  of 
individual  bars. 

Curves  i  and  2,  Fig.  3  show  a  decrease  of  the  ef- 
fect of  mutual  induction  as  the  conductors  are  sepa- 
rated. They  also  well  illustrate  the  fact  that  the  con- 
ductor with  yi  inch  spacing  of  bars  has  less  opportunity 
for  dissipating  its  heat  and  tlierefore  has  a  higher  final 
temperature  than  the  conductor  with  ^  inch  spacing 
of  its  bars. 

A  comparison  of  the  current  carrying  capacity  of 
a  conductor  influenced  by  its  return  circuit  at  various 
spacings  and  carrying  60  cycle,  25  cycle,  and  direct  cur- 
rent is  shown  on  Fig.  5.  The  reduction  in  temperature 
with  increased  distances  between  conductors  for  uni- 
form bar  intervals  is  also  shown  in  the  60  cycle  and  25 
cycle  curves. 

The  foregoing  discussion  points  out  in  a  general 
way  the  factors  which  influence  the  energ>'  loss  in  di- 


rect and  alternating-current  conductors.  For  laminated 
bar  conductors  arranged  with  vent  ducts  and  carrying 
alternating  currents,  the  current  distribution  will,  in 
general,  be  made  as  nearly  uniform  as  possible  by  sepa- 
rating the  conductors  as  far  as  practicable  and  making 
the  thickness  of  the  conductor  a  minimum.  For  me- 
chanical reasons  the  thickness  of  individual  bars  cannot 
be  reduced  too  far. 

In  general,  no  exceptional  mechanical  difficulties 
should  be  encountered  in  handling  currents  of  2000  or 
3000  amperes.  Where  very  heavy  currents  are  to  be 
handled,  the  design  of  conductors  for  direct  current 
demands  careful  consideration,  while  for  alternating 
currents  the  design  is  difficult,  involving  not  only  me- 
chanical means  of  support  but  also  current  distribution. 
The  current  distribution  is,  in  turn,  controlled  by  the 
frequency  of  the  circuit,  volume  of  current,  form  and 
size  of  conductors,  as  well  as  their  positions  with  re- 
spect to  each  other. 


Tim  Action  ©f  Dii't  oa  'Rnilwny  Motor  Cni'boa^ 


J.  S.  De.\n 


A  CAREFUL  examination  of  railway  motor  car- 
bon brushes  that  have  been  in  service  for  some 
time  will  show  peculiar  streaks  or  grooves  run- 
ning along  their  front  and  back  surfaces.  Sometimes 
these  streaks  are  nearly  parallel,  running  lengthwise 
along  the  side  of  the  carbon,  and  in  other  instances  they 
are  very  irregular,  branching  out  in  a  number  of  direc- 
tions with  the  characteristics  of  lightning  streaks.  It 
seems  to  be  the  general  consensus  of  opinion  of  those 
familiar  with  these  markings,  that  they  are  due  to  side 
burning  of  the  carbon,  caused  by  the  passage  of  a  cur- 
rent either  from  the  carbon  to  the  box,  or  from  the  box 
to  the  carbon. 

Some  interesting  tests  have  been  made  in  connec- 
tion with  railway  motor  carbons  which  throw  light  on 
this    subject.     These    tests    were    performed    with    the 
following  apparatus  and  operating  conditions: — 
Carbons — Six  different  grades — all  new. 

Two  carbons  per  brushholder— initial  length  two 
inches. 
Brushholders — Two  per  motor — all  new. 

Motors — Non-ventilated  tj-pe — Commutating-pole. 
Top  commutator  cover  off. 
Assembled  on  car  as  No.  2  motor. 
Mounted     with     commutator     opening     directly 
under  trap  door  in  car  floor. 
Cars — Quadruple  equipment — double  end  operation. 

Inspection  trap  doors  in  car  floor. 
Service — City. 
Road  bed — Paved  streets. 

Time  of  year — Summer  with  dust  and  dirt  present. 
The  primary  object  of  these  tests  was  to  get  some 
comparative  data  on  the  life  of  various  grades  of  car- 
bons. During  the  progress  of  the  work  of  inspection 
of  carbons  for  end  wear,  side  wear,  breakage,  etc.,  a 
rather  common  pronounced  .streaking  of  all  test  carbons 
was  noticed,  which  at  first  thought  was  attributed  to 
arcing  or  burning  of  the  carbon  due  to  the  current  pass- 
ing from  the  carbon  to  the  side  of  the  carbon  box.     A 


very  striking  example  of  this  marking  is  shown  in  Fig. 
I  (a).  Further  study  of  this  streaking  on  a  number  of 
samples  lead  to  the  assumption  that  this  marking  was 
probably  due  to  particles  of  sand  and  dirt  working  their 
way  down  between  the  side  of  the  carbon  and  carbon 
box  which,  by  constant  vibration,  movement  of  the  car- 
bon and  the  action  of  gravity,  cut  small  grooves  in  the 
sides  of  the  carbon.  The  reasoning  leading  up  to  this 
hypothesis  was  based  on  the  following: 

I — The  Condition  of  the  Inside  of  the  Motors — There  was 
evidence  on  the  inside  of  the  motors  of  the  presence  of  con- 
siderable dust  and  dirt.  The  brushholder  castings  were  dirty 
and  a  lining  of  fine  dust  and  dirt  had  collected  on  the  inside 
of  the  motor  frame  and  on  the  windings. 

2 — The  Position  of  the  Brushholders  in  the  Motor  Frame — 
The  brushholders  were  located  directly  under  the  commutator 
opening  in  the  frame,  as  shown  in  Fig.  5.  With  the  com- 
mutator lid  off,  any  dust  or  dirt  from  the  street  or  from  the 
car  floor  through  cracks  at  the  trap  door,  drops  into  the 
openings  and  a  portion  of  it  lodges  on  the  brushholders  and 
carbons.  The  particles  that  lodge  on  the  front  opening  of  the 
carbon  box,  form  the  grooves  on  the  front  side  of  the  carbons, 
while  those  that  lodge  on  top  of  the  carbons  (which  were  two 
inches  long  and  did  not  extend  above  top  of  carbon  box) 
worked  in  between  the  carbons  and  the  rear  support  on  the 
carbon  box,  and  formed  the  grooves  on  the  back  side  of  the 
carbon. 

3 — The  Location  of  the  Streaks  on  the  Carbons — Fig.  I, 
which  is  a  good  example  of  this  streaking,  shows  that  at  the 
front  of  the  carbon  the  streaks  start  at  a  point  on  the  carbon 
which  coincides  with  the  end  of  the  opening  (made  for  the 
pressure  finger)  in  the  front  of  the  carbon  box,  and  extends 
on  the  carbon  a  width  corresponding  to  the  width  of  this 
opening.  On  the  rear,  they  are  found  only  at  the  points  where 
the  carbon  box  supports  come  in  contact  with  the  carbon. 
The  general  direction  of  all  these  streaks  is  parallel  to  the 
length  of  the  carbon. 

4.— Similar  Markings  on  All  Grades  of  Carbon — This 
phenomenon  was  noted  and  studied  on  six  different  grades  of 
carbons.  If  it  was  burning  and  arcing  due  to  the  passage  of 
electric  current  from  carbon  to  carbon  box  that  caused  this 
streaking,  some  noticeable  difference  in  the  degree  of  this 
marking  would  be  expected  due  to  the  composition  and  in- 
herent properties  of  the  various  grades  of  carbons ;  but  this 
was  not  apparent. 

5 — The  Condition  of  the  Inside  of  the  Carbon  Box — As 
all  new  brushholders  were  used  during  these  tests,  if  there  was 
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any  appreciable  arcing  between  carbon  and  carbon  box,  it 
would  have  been  detected  on  the  surface  of  the  inside  of  the 
carbon  box.     However,  no  evidence  of  burning  could  be  found. 

(>—A  Close  Inspection  of  the  Grooves  on  one  of  the  sample 
carbons  taken  from  service  revealed,  by  means  of  a  magnifying 
glass,  several  small  particles  of  sand  imbedded  m  the  grooves. 

With  this  information  at  hand,  several  tests  were 

outlined  and  made  on  special  brushholders  to  try  and 


carbon  box  and  work  their  way  down  between  the  carbon  and 
the  box.  That  part  of  the  carbon  box  for  the  right  hand 
carbon  was  left  unchanged.  The  carbons  from  this  brush- 
holder  were  removed  from  service  after  about  two  months 
and  are  shown  in  Fig.  3  (a)  and  (b).  The  right  carbon  from 
the  unmachined  side  of  the  box  shows  the  same  general  streak- 
ing, front  and  back,  while  the  left  carbon  taken  from  the 
grooved  side  shows  no  streaking  at  the  front  but  is  streaked  on 
the  back  in  a  manner  similar  to  the  other  carbon.  The  evi- 
dence in   this  case   shows  the  presence  of  dust  and  dirt  with 
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FIGS.    I    to   4(a) — FRONTS    OF   C.'\RBONS 

confirm  this  dust  and  dirt  theory.     The  results  obtained 

from  these  tests  are  given  in  detail  below : — 

I — A  Standard  Brushholder  with  the  regulation  size  carbon 
box,  Fig.  I  (c),  was  put  in  service  to  be  used  as  a  standard 
for  making  comparisons  of  streaking  on  the  sides  of  the 
carbons.  After  approximately  three  months  service,  these 
carbons  were  removed  and,  as  shown  in  Fig.  1  (a)  and  (b), 
show  pronounced  streaking,  both  front  and  back. 

2 — Brushholder  with  Insulated  Box — A  standard  type 
brushholder  was  taken  and  the  box  machined  one-thirty-second 
inch  larger  all  around,  and  a  strip  of  insulating  material  was 
cemented  on  the  inside,  as  shown  in  Fig.  2  (c),  to  prevent  a 
flow  of  current  from  the  carbon  to  the  carbon  box.  This 
brushholder  was  put  in  service,  using  standard  carbons.  After 
about  two  months  service  their  appearance  was  as  shown  in 
Fig.  2  (a)  and  (b).  These  carbons  show  the  same  character- 
istic streaking  as   was   obtained  with   a   standard  carbon   box. 
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FIGS.    I     to    4(c) — MODIFICATIONS    OF    BRUSHHOLDERS 

As  it  was  impossible  for  the  current  to  travel  from  the  carbon 
to  the  carbon  box  on  account  of  the  insulating  material,  this 
streaking  was  obviously  due  to  some  other  cause  rather  than 
burning  by  an  electric  current. 

3— Brushholder  with  Box  Grooved— A  standard  brush- 
holder  was  taken  and  a  groove  one-sixteenth  inch  deep,  be- 
ginning at  the  end  of  the  opening  in  box  for  the  pressure 
finger,  was  machined  at  the  left  front  end  opening  of  the  box. 
This  groove  was  made  the  width  of  the  opening  and  extended 
down  to  the  bottom  of  the  box  to  allow  a  free  passage  for 
the  particles  of  dust  and  dirt  that  collect  on  this  ledge  of  the 
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its  pronounced  markings  on  the  carbons  in  the  same  character- 
istic manner,  except  at  the  point  where  sufficient  clearance 
was  allowed  for  it  to  pass  between  the  carbon  and  the  box 
without  any  obstruction. 

4 — Brushholder  Box  with  Closed  Front  and  Opened  Back 
— A  modified  type  brushholder  with  special  pressure  fingers 
was  constructed,  having  the  front  of  the  box  entirely  closed 
and  the  rear  of  box  entirely  cut  away  for  a  distance  of  about 
three-quarters  of  an  inch  from  the  top,  Fig.  4  (c).  This  com- 
struction  was  intended  to  do  away  with  the  ledge  at  the  front 
end  of  the  box  and  the  support  at  the  rear  end  of  the  box  that 
extended  above  the  top  of  the  carbon,  so  that  there  was  no 
place  for  dirt  to  collect  between  the  carbon  and  the  front  side 
of  the  carbon  box.  All  dirt  that  lodged  on  the  top  of  the 
carbon  could  slide  off  and  would  not  be  held  there  to  work 
down  between  the  carbon  and  the  back  carbon  box  supports. 
Fig.  4  (a)  and  (b)  shows  that  these  carbons  after  eight  weeks 
sen'ice  have  no  indications  of  streaking,  which  proves  the 
effectiveness  of  properly  protecting  the  sides  of  the  carbons 
from  the  entrance  of  dust  and  dirt. 

A  resume  of  the  above  results  gives  the  following 
definite  facts  upon  which  a  final  conclusion  can  be 
based. 


FIG.    5 — POSITIOX    OF   THE   BRUSHHOLDERS    ON    .\    R.MLWAY    MOTOR 

1 — Pronounced  streaking  of  carbons  exists. 
2 — Streaking  was  produced  when  electric  current  was  not 
present. 

3 — Considerable  dust  and  dirt  was  in  evidence. 

4 — When  dust  and  dirt  chutes  were  provided,  no  streaking 

was  produced. 
5 — When  the  dust  and  dirt  were   diverted,   streaking  was 

eliminated. 
6 — Sand  particles  were  found  lodged  in  groove. 

The  above  is  convincing  evidence  that  this  groov- 
ing or  streaking  of  railway  motor  carbons  is  due  to  the 
action  of  dust  and  dirt  working  its  way  down  between 
the  carbon  and  carbon  bo.\. 
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THE  STUDY  of  tlie  insulation  of  a  transformer 
as  a  whole  should  be  preceded  by  a  separate  ex- 
amination of  the  properties  of  the  insulating 
materials  used,  just  as  an  acejuaintance  with  the  proper- 
ties of  copper  and  magnetic  steel  must  accompany  a 
thorough  knowledge  of  the  transformer. 

Some  of  the  properties  of  an  ideal  dielectric  would 
be  infinite  resistance  and  perfect  elasticity,  in  the  sense 
that  the  energy  required  to  establish  an  electric  field 
through  it  would  be  returned  as  the  field  falls  to  zero. 
In  other  words  there  would  be  no  energ}-  loss  in  the 
dielectric  when  placed  in  an  alternating  electric  field 
and  the  current  required  to  maintain  the  electric  field 
would  be  90  degrees  from  the  voltage  in  time  phase  re- 
lation. Such  a  current  would  be  the  wattless  charging 
current  of  a  condenser.  In  an  actual  dielectric  there 
is  an  energy  loss,  made  up  of  an  PR  loss  and  a  loss  due 
to  the  imperfect  elasticity  of  the  material.  The  latter 
is  in  some  ways  analogous  to  the  hysteresis  loss  in  a 
magnetic  circuit,  but  the  analogy  fails  if  carried  too 
far.  If  a  curve  be  plotted  for  such  a  dielectric  between 
current  and  electric  field  intensity,  a  further  similarity 
to  a  magnetic  circuit  is  that  the  curve  will  have  some 
of  the  characteristics  of  a  saturation  curve.  The  curve 
may  be  considered  as  being  composed  of  three  parts; 
first,  where  the  current  is  an  approximately  constant 
function  of  the  field  intensity  and  second  where  the 
current  is  growing  at  an  increasing  rate  as  the  field  in- 
tensity increases.  This  part  of  the  curve  represents 
the  condition  when  the  material  approaches  its  break- 
down point.  As  the  dielectric  fails  the  current  increases 
so  rapidly  that,  third,  the  curve  becomes  practically 
parallel  to  the  axis  of  current,  or  the  saturation  point 
is  reached. 

Another  phase  of  the  analogy  between  the  dielec- 
tric and  magnetic  circuit  is  that  the  decreasing  alternat- 
ing-current resistance  with  increasing  electric  field  in- 
tensity, is  similar  to  the  changing  reluctance  of  the  mag- 
netic circuit  with  increasing  values  of  the  magnetizing 
force.  The  impedence  of  the  dielectric,  however,  is  a 
very  much  more  unstable  quantity  than  the  reluctance 
of  the  magnetic  circuit. 

Some  of  the  most  important  properties  of  insu- 
lating materials  are  as  follows,  though  the  order  in 
which  they  are  given  is  not  necessarily  that  of  their  re- 
lative importance; — 

I — Insulation  resistance 

2 — Dielectric  loss 

3 — Dielectric  strength 

4 — Specific  inductive  capacity 

5 — Heat  conductivity 

6 — Mechanical  strength 

Some  of  these  characteristics  are  closely  related 
with  each  other,  for  example  the  presence  of  moisture 
in  the  material  changes  its  insulation  resistance,  its  di- 


electric loss  and  to  a  lesser  degree  its  dielectric  strength, 
without  greatly  changing  its  other  properties. 

INSULATION  RESISTANCE 

The  minute  spaces  and  capillary  tubes  in  a  solid 
dielectric  contain  varying  amounts  of  moisture  and 
gases.  A  conducting  path  through  the  dielectric  is  made 
up  of  a  complicated  arrangement  of  resistances  and 
capacities  in  series  and  in  multiple.  The  resistance  of 
a  given  path  through  the  dielectric  is  called  its  insula- 
tion resistance,  and  the  current  in  phase  with  the  volt- 
age producing  the  electric  field  is  called  the  resistance 
current.  Direct  current  is  used  to  measure  insulation 
resistance  as  the  charging  current  with  alternating  cur- 
rent is  usually  relatively  large  and  overshadows  the  re- 
sistance current.  Energy  measurements  are  necessary 
as  well  as  voltage  and  current  to  determine  the  effective 
alternating-current  resistance.  Even  with  direct  cur- 
rent the  resistance  varies  with  the  applied  voltage  de- 
creasing somewhat  with  increasing  potential. 
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OF     INSULATION     RESISTANCE 
WITH    TEMPERATURE 


OF     TAPER     FIBER 


The  principal  conditions  which  influence  the  insu- 
lation resistance  of  solid  dielectrics  are, 
I — Temperature. 
2 — Moisture. 

Fig.  I  gives  a  characteristic  curve  for  fibrous  ma- 
terials, such  as  paper  and  cloth,  showing  the  variation 
of  the  resistance  with  temperature.  The  increased  re- 
sistance at  lower  temperatures  seems  to  be  an  inherent 
property  of  all  insulating  materials  but  is  exaggerated  by 
the  presence  of  free  moisture.  It  is  probable  that  at 
the  lower  temperatures  the  moisture  is  in  small  isolated 
globules,  which  at  higher  temperatures  vaporize  and 
penetrate  through  the  insulation,  thus  lowering  its  in- 
sulation resistance.  The  greater  the  amount  of  mois- 
ture present  the  greater  would  be  the  difference  ex- 
pected between  the  hot  and  cold  resistance  measure- 
ments. If  a  piece  of  insulation  is  gradually  heated  and 
the  moisture  is  free  to  escape,  the  relation  between  the 
temperature  and  the  resistance  will  be  like  that  shown 
in  Fig.  I.  The  resistance  at  first  decreasing  because  of 
the  moisture  being  vaporized  and  again  increasing  be- 
cause of  the  vapor  being  expelled  at  the  higher  temper- 
atures.    If  a  piece  of  insulation  is  carried  through  a 
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series  of  such  cycles,  the  amount  of  moisture  remaining 
at  the  end  of  each  cycle  would  become  less  and  less. 
The  change  in  the  resistance  between  the  extremes  of 
temperature  would  therefore  become  smaller,  being 
then  largely  that  due  to  the  intrinsic  quality  of  the  re- 
sistance. 

After  the  expulsion  of  the  moisture,  the  material 
begins  to  change  in  nature  and  ultimately  begins  to  car- 
bonize and  behaves  as  a  high-resistance  conductor;  the 
resistance  then  falling  rapidly  to  a  very  low  value. 
While  this  curve  is  typical  of  all  insulating  materials, 
the  exact  temperature  at  which  the  minimum  and  maxi- 
mum values  occur  depend  mainly  on  the  area  of  the 
electrodes,  the  amount  of  moisture  content  and  the 
facility  with  which  it  may  escape,  and  on  the  chemical 
and  physical  changes  that  occur  due  to  the  temperature. 

DIELECTRIC  LOSS 

In  general  the  dielectric  loss  for  a  given  material 

increases  with 

I — Voltage 
2 — Moisture 
3 — Temperature 
4 — Frequency 

The  variation  of  the  dielectric  loss  for  diy,  oil  sat- 
urated, insulating  board  is  shown  in  Fig.  2*  expressed 
in  watts  per  cubic  centimeter,  with  the  field  intensity 
expressed  in  kilovolts  per  centimeter.  The  power- 
factor  curve  is  also  given,  and  the  low  values  mean  that 
there  is  very  little  PR  loss  in  the  material,  which  in  turn 
indicates  that  there  is  not  much  moisture  present.  The 
absorption  of  a  slight  amount  of  moisture  would  greatly 
increase  the  PR  loss  and  consequently  increase  the 
power-factor.  When  the  dielectric  loss  is  largely  PR 
loss  due  to  the  presence  of  moisture,  the  power-factor 
increases  with  increase  of  the  electric  field  intensity, 
because  the  increase  in  the  I=R  part  more  than  over- 
balances the  increase  in  the  so-called  hysteretic  element. 
On  the  other  hand,  with  dry  material  the  increase  of  the 
hysteretic  element  of  the  loss  may  overshadow  tlie  PR 
loss  and  the  power-factor  would  then  decrease  with  in- 
crease of  the  field  intensity. 

The  reason  for  the  increased  loss  at  higher  tem- 
perature is  largely  due  to  the  reduced  resistance  caused 
by  the  increase  in  temperature.  This  increase  is  there- 
fore more  marked  with  materials  which  contain  a  con- 
siderable amount  of  moisture. 

The  dielectric  loss  varies  with  the  frequency,  the 
hysteretic  element  being  approximately  proportional  to 
the  frequency  and  the  PR  element,  of  course,  being  con- 
stant. If  the  material  contains  moisture  and  is  oper- 
ated at  a  fairly  high  temperature,  the  PR  element  of  the 
loss  will  overshadow  the  hysteretic  element  and  the  loss 
for  25  and  60  cycles  will  not  be  far  apart.  If  on  the 
other  hand  the  hysteretic  element  is  comparatively  large 
a  greater  percentage  difference  will  exist  between  the  25 
and  60  cycle  dielectric  loss  measurements. 

For  dry  material  where  the  PR  element  of  the  loss 
is  smaller,  the  dielectric  loss  in  watts  per  cubic  centi- 


meter for  a  given  temperature  may  be  approximately 
expressed  by  the  relation. 

Watts .     , 

Cubic  Ccntimctcr~      '         '    ^'^ 

where  K  is  a  constant  which  varies  with  the  insu- 
lating material  and  the  temperature  at  which  it  operates, 
/  is  the  frequency  in  cycles  per  second  and  E  is  the  volt- 
age in  kilovolts.  For  the  curve  shown  in  Fig.  2  and  for 
a  temperature  of  100  degrees  C,  K  has  a  value  of  ap- 
proximately 8.5  X  io~'.  If  the  material  contains  mois- 
ture, the  rate  of  increase  of  the  total  loss  will  var)' 
greatly,  and  may  for  a  limited  range  increase  approxi- 
mately as  the  square  of  the  frequenc}'. 

When  the  dielectric  loss  ceases  to  increase  approxi- 
mately as  some  constant  function  of  the  field  intensity, 
the  approaching  breakdown  of  the  dielectric  is  in- 
dicated. This  disclosure  of  the  loss  measurements  is 
of  more  importance  than  the  actual  value  of  the  loss  in 
watts.  The  particular  value  of  the  dielectric  loss  meas- 
urement is  to  determine  what  conditions  or  treatment 
will  permit  the  highest  possible  value  of  the  field  in- 
tensity in  a  given  material,  without  approaching  the 
critical  value. 


♦See  article  on  "Dielectric  Losses  in  Insulating  Materials" 
by  Mr.  C.  E.  Skinner,  in  the  Journal  for  July  '17,  p.  260. 


FIG.    2 — V.ARl.^TION   OF   DIELECTRIC   LOSS    OF   DRY,    OIL-SATURATED 
FULLEREOARD   WITH    FIELD   INTENSITY   \T  6o  CYCLES 

The  sheet  was  tested  in  oil  immediately  after  being  dried  and 
saturated  with  oil  by  the  vacuum-pressure  method. 

DIELECTRIC    STRENGTH 

The  main  factors  affecting  the  dielectric  strength 

of  materials  for  a  given  electric  field  intensity  are: — ■ 

I — Temperature. 
2 — Chemical  change. 

Apparently  the  failure  of  a  dielectric  under  elec- 
trostatic stress  is  because  the  material  is  stressed  to 
such  a  degree  that  it  is  mechanically  ruptured.  An  ex- 
ample of  a  case  where  there  is  little  change  of  the  ma- 
terial except  that  resulting  from  the  stress,  is  the  break- 
down of  clean  dry  oil.  Usually  the  breakdown  in  solid 
materials  occurs  at  a  temperature  which  has  itself 
caused  some  deterioration  and  thus  makes  possible  the 
mechanical  rupture  at  a  voltage  which  would  not  other- 
wise have  caused  injury.  The  temperature  may  result 
from  the  dielectric  being  heated  from  an  outside  source, 
or  from  the  dielectric  loss  within  the  material.  An  ex- 
ample of  this  type  of  failure  would  be  that  of  paper 
fiber  under  conditions  where  the  heat  from  the  dielec- 
tric loss  could  not  be  readily  dissipated.  The  temper- 
ature of  the  dielectric  would  continue  to  rise,  with  a 
fixed  impressed  voltage,  until  the  material  had  become 
so  injured  that  failure  might  occur.  In  other  words, 
the  temperature  conditions  are  cumulative,  and  a  volt- 
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age  which  would  not  breakdown  the  material  in  a  short 
time,  might  do  so  if  continued  for  a  longer  period. 
There  also  may  be  a  condition  analogous  to  the  fatigue 
of  materials  when  subjected  to  alternating  mechanical 


FIG.    3 — EFFECT    OF   TEMPERATURE   ON    THE    MECHANICAL    STRENGTH 
OF  PAPER  AND  COTTON  FIBER  HEATED  UNDER  OIL 

Stresses,  which  has  an  influence  on  the  diminution  of  the 
dielectric  strength  with  increased  time  of  application  of 
the  testing  voltage. 

Thus  all  factors  which  affect  the  dielectric  loss  and 
the  rate  of  dissipation  of  the  heat  would  have  an  influ- 
ence on  the  exact  value  of  the  breakdown  voltage. 
With  a  low  dielectric  loss  and  good  conditions  for  dis- 
sipating the  heat,  the  question  of  the  length  of  time  the 
voltage  is  applied  will  have  a  relatively  small  affect. 
Therefore,  the  effect  of  time  is  more  marked  with  thick 
masses  of  material  and  in  such  cases  there  is  an  appar- 
ent reduction  in  the  dielectric  strength  with  an  increase 
of  the  thickness  of  the  material.  The  frequency  of  the 
alternating  voltage  affects  the  dielectric  value  some- 
what, mainly  through  change  in  the  dielectric  loss. 
Surges  caused  by  switching  or  lightning,  whose  voltage 
is  many  times  higher  than  the  breakdown  voltage  of  the 
insulation  may  be  applied  without  rupture  if  the  time 
period  is  very  short.  If  the  voltages  are  sufficiently 
high,  rupture  may  occur  at  once,  and  if  the  voltage  is 
higher  than  the  60  cycle  breakdown  voltage,  the  insu- 
lation will  be  damaged  probably  by  mechanical  tearing. 
The  effect  is  cumulative  and  a  sufficient  number  of  such 
surges  will  cause  a  breakdown.  The  shorter  the  time 
of  application,  the  greater  the  number  of  surges  re- 
quired to  cause  a  breakdown  at  a  given  voltage.  The 
insulation  of  transformers  is  often  gradually  destroyed 
in  this  way  by  lightning,  each  stroke  contributing  to- 
ward breakdown,  probably  by  extending  local  ruptures. 

If  the  material  contains  oxidizable  substances  or 
chemically  unstable  matter,  the  breakdown  may  be  the 
result  of  chemical  change.  In  most  commercial  insula- 
ting materials,  it  is  probable  that  all  of  these  conditions 
affect  the  disruptive  voltage. 

There  are  a  number  of  other  minor  factors  which 
have  an  influence  on  the  dielectric  values,  for  example 
the  nature  of  the  surrounding  medium,  size  and  shape 
of  the  electrodes,  and  time-rate  of  application  of  the 
disruptive  voltage.     Tests  are  useless  for  comparing  in- 


sulating strength  values  unless  made  upon  some  definite 
basis. 

SPECIFIC  INDUCTIVE  CAPACITY 

Since  a  good  dielectric  should  have  a  low  charging 
current,  it  follows  that  it  would  also  have  a  low  specific 
inductive  capacity.  With  two  dielectrics  in  series,  across 
which  voltage  is  impressed,  the  voltage  across  each  will 
be  inversely  as  the  dielectric  constants  of  the  two  ma- 
terials. When  several  dielectrics  are  used  in  series,  the 
one  having  the  lowest  dielectric  constant  takes  more 
than  its  proper  share  of  the  total  voltage,  and  if  it  also 
has  a  low  dielectric  strength  it  may  break  down,  even 
if  it  would  have  been  strong  enough  without  the  pres- 
ence of  the  other  material.  Thus  placing  a  plate  of 
glass  between  two  electrodes  will  cause  a  spark  to  pass 
tlirough  the  remaining  air  with  a  lower  voltage  than 
would  be  required  to  produce  a  spark  in  the  absence  of 
the  glass.  This  fact  is  of  special  importance  in  high- 
voltage  work,  for  air  has  both  a  lower  dielectric  con- 
stant and  a  lower  dielectric  strength  than  solid  insulat- 
ing material.  Air  bubbles  reduce  the  effective  dielec- 
tric strength,  and  may  with  alternating  voltage  contain 
corona  which  will  soon  damage  the  solid  dielectric.  For 
this  reason,  air  should  be  excluded  from  the  insulation 
of  coils  designed  for  high  voltages,  either  by  impregnat- 
ing them  with  a  suitable  solid  compound  or  by  using 
them  immersed  in  insulating  oil. 

The  dielectric  constants  of  some  of  the  common  in- 
sulating materials,  are 

Material  Dielectric  Constant 

Oil  2  to  2.5 

Dry   paper    2.6 

Mica s  to  7 

MECHANICAL  STRENGTH* 

The  curves.  Fig.  3,  show  that  the  mechanical 
strength  of  paper  and  cotton  fiber  tend  to  reach  a  con- 
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FIG.    4 — EFFECT  OF  DIFFERENT  TEMPERATURES   ON   THE   MECHANICAL 
STRENGTH    OF    PAPER    AND    COTTON    FIBER 

The  temperature  conditions  were  continued  until  the 
mechanical  strength  showed  no  further  change. 

stant  value  after  prolonged  heating  in  oil  at  a  definite 
temperature.  Fig.  4  shows  the  mechanical  strength  of 
the  insulation  as  a  variable  dependent  on  the  tempera- 
ture. 

♦See  The  London  Electrician  for  Jul}'  20,  1917. 
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The    purpose    of    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies    throughout    the    country. 


The    CO  ■  operation    of    all    those    interested    in 

operating  and  maintaining  railway  equipment 

is  invited.      Address  R.  O.  D.  Editor. 


Oil,  Grease  and  ^A^aste  for  Railway  Motors  and  Gears 


Hot  bearings  are  due  to  a  large  extent,  to  poor  lubrication 
or  to  an  inferior  grade  of  lubricant.  The  fundamentals  of  cor- 
rect lubrication  are  the  use  of  the  right  lubricant,  applied  in  the 
right  way,  and  in  the  right  amount.  The  amount  and  applica- 
tion of  lubricant  depend  largely  upon  the  design  of  the  bearing 
and  the  service  conditions.* 


Grade — Oils  are  either  animal,  vegetable  or  mineral-  For 
railway  work  use  a  good  grade  of  neutral  mineral  oil.  It  must 
be  free  from  acid  or  alkali,  either  of  which  will  corrode  the 
bright  surface  of  the  metal. 

Clean — The  oil  should  be  free  from  dirt  and  water.  Water 
will  reduce  the  lubricating  value  of  the  oil  as  it  tends  to  wipe 
the  oil  from  the  journal.  Particles  of  dirt  and  grit  will  in- 
crease the  friction,  and  cause  the  bearings  to  heat  up. 

Fluidity — The  oil  should  flow  readily  and  be  taken  up  by 
the  waste  and  held.  If  it  is  too  thin,  the  waste  and  bearing 
will  rapidly  drain  the  oil,  and  the  bearing  will  soon  run  dry ; 
thus,  the  oil  must  have  enough  body  to  cling  to  the  waste  and 
be  fed  to  the  bearings  as  required.  It  should  be  heavy  enough 
to  furnish  a  supporting  film  between  the  journal  and  the  bear- 
ing to  sustain  the  load.  For  this  reason  a  light  or  thin  oil, 
should  be  used  in  winter  and  a  heavy  or  thick  oil  in  summer. 

The  Oil  Should  Not  Gum,  as  it  will  then  clog  up  the  lift- 
ing or  wick  action  of  the  waste  and  tend  to  prevent  the  oil  from 
entering  between  the  journal  and  bearing  surface. 

Cost — Quality  of  oil  should  never  be  sacrificed  to  first  cost. 
Tests  to  determine  the  quality  and  lubricating  properties  of  an 
oil  require  an  extensive  laboratory  equipment,  hence  to  safe- 
guard your  interests  always  deal  with  reliable  producers  who 
have  had  years  of  experience  and  test  facilities  which  permit 
them  to  guarantee  the  uniformity  and  reliability  of  their  pro- 
duct. 

SPECIAL  LUBRICANTS 

Special  prepared  lubricants  which  are  not  entirely  oils  are 
used  by  some  operating  companies  with  very  good  results,  and 
are  highly  recommended. 


Cost — The  same  consideration  referred  to  in  connection 
with  oil  also  applies  to  grease.  In  general,  don't  be  misled 
by  a  highly  colored  or  scented  product  with  a  fancy  name  and  a 
correspondingly  high  price. 


Grades — Waste  or  packing  is  commonly  made  up  of  wool 
threads  alone,  or  wool  and  cotton  threads  mixed  with  a  resi- 
lient mineral  or  fibre,  such  as  asbestos,  cocoa  fibre,  moss,  etc. 

Dirt  and  Moisture — Dirty  particles  are  liable  to  be  carried 
by  the  oil  up  to  the  bearing  and  work  into  the  oil  film.  All 
waste  contains  some  moisture,  but  if  too  much  is  present,  you 
pay  for  water  instead  of  waste. 

Elastic — Unless  the  waste  is  springy  and  elastic  it  will  fall 
away  from  the  bearing  window,  and  thus  cut  off  the  supply  of 
oil  being  fed  to  the  journal.  To  secure  this,  it  must  be  of  the 
right  grade  of  material,  such  as  long  wool  threads  or  a  mix- 
ture of  wool  threads,  cotton  threads,  and  a  fibrous  material. 
By  proper  machining,  the  material  is  intimately  mixed  and 
formed  into  a  fleece  with  the  threads  all  running  in  one  direc- 
tion. 

Quality — Wool  waste  is  commonly  considered  the  best  ma- 
terial as  it  is  springy  and  elastic  after  being  soaked  in  oil,  and 
readily  parts  with  the  oil  to  the  journal.  However,  its  absorp- 
tion property  and  wick  action  is  not  quite  so  good  as  that  of 


Long  Thread 

Shorter 

Short 

Wool 

Thread 

Thread 

Wool 

Cotton 

Uses — Grease  is  used  in  connection  with  the  lubrication  of 
some  of  the  old  type  railway  motor  bearings  and  on  all  main 
motor  gears  and  pinions.  The  same  grade  of  grease  selected 
for  motor  bearings  can  be  used  for  the  gears  and  pinions,  but 
some  special  greases  and  compounds  prepared  for  gears  and 
pinions  are  not  suitable  for  motor  bearings,  on  account  of 
their  high  melting  point. 

Grades — Grease  consists  of  a  fatty  soap  impregnated  with 
a  mineral  oil.  The  solid  part  simply  acts  as  a  carrier  for  hold- 
ing the  oil  in  position,  and  has  little  value  as  a  lubricant. 
Greases  are  usually  graded  according  to  their  stiffness,  which 
has  an  important  bearing  upon  the  ease  with  which  they  can  be 
handled,  and  the  service  they  will  give.  They  are  mostly  graded 
from  the  softest  to  the  hardest  with  numbers  indicating  their 
relative  melting  point.  Thus  a  No.  i  grease  is  usually  softer 
than  a  No.  2  grease,  etc.  A  limesoap  grease  with  a  neutral  re- 
action (which  does  not  show  any  traces  of  an  acid  or  an  alkali) 
gives  best  results  in  service. 

Clean — The  grease  should  be  free  from  dirt  and  grit  and 
the  percentage  of  water  should  be  very  low,  as  all  of  these 
w-ould  rediice  the  lubricating  value  and  increase  the  heating 
of  the  bearing. 

Melting  Point — To  insure  its  being  retained  in  the  bearing, 
the  grease  should  have  a  melting  point  of  lo  to  15  degrees  C. 
above  the  normal  operating  temperature.  If  too  hard,  it  will 
not  flow  readily  and  will  increase  bearing  losses.  On  the  other 
hand  if  the  melting  point  is  too  low,  it  will  not  be  retained 
in  the  bearing- 


*This  subject  was  discussed  in  a  previous  R.  O.  D.  Feb.  '18. 


cotton  threads.  Cotton  threads  are  not  springy,  but  absorb 
more  oil  than  wool  and  have  a  better  wick  action.  Some  man- 
ufacturers consider  a  mixture  of  wool  and  cotton  threads  to 
give  best  results  in  service.  A  good  packing  should  have  the 
power  of  holding  the  correct  quantity  of  oil  evenly  distributed 
through  the  threads  of  the  waste,  which  should  also  be  able  to 
carry  the  oil  by  wick  action  against  the  force  of  gravity,  if  nec- 
essary, to  the  threads  in  contact  with  the  journal. 

Long  Fibres  are  preferable  as  they  carry  the  oil  from  the 
oil  well  to  the  bearing  windows  more  satisfactorily  than  short 
strands,  thus  insuring  a  steady  supply  of  oil.  This  is  made 
possible  by  the  wick  action  of  the  material  when  in  a  long  con- 
tinuous thread. 

Special  Preparations  to  make  the  waste  springy  and  elas- 
tic are  made  up  and  used  with  fairly  good  results.  They  con- 
sist of  various  grades  of  wool  and  cotton  thread  mixed  with 
horse  hair  or  asbestos.  Another  brand  is  made  by  binding  the 
waste  in  small  bundles  using  a  thin  brass  wire. 

SUMMARY 
1 — Trade  with  reliable  and  experienced  dealers. 
2 — In  considering  first  cost,  do  not  lose  sii:ht  of  final  results.     A 

few  hot  bearings  may  wipe  out  all  initial  first  cost  savings. 
3— r-Lubricants    that    have    given    good    results    in    service    need    no 

further   recommendations. 
4 — Neglect    is    frequently    responsible    for    troubles     charged    up 

against  oil,   grease,   and  waste. 
5 — Proper  facilities  for  handling  and   storage  should   be  provided. 
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OUR  subscribers  are  invited  to  use  this  department  as  a  means  ol  securing 
mitlientic  information  on  electrical  and  mechanical  subjects.  The  topics 
should  be  ol  general  interest;  inlormalion  in\i)l\ini!  the  specific  desiijn  ol 
individual  pieces  ol  apjjaratus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  lor  an  intelligent  answer. 


A  PERSONAL  rejily  is  mailed  to  each  questioner  enclosing  a  stamped,  sell 
*^  adilressetl  cnxefope  .as  soon  as  the  necessary  information  can  be  obt.iined. 
.Anon\  nious  (juestions  cannot  be  considered.  As  each  cjuestion  is  answered 
by  an  expert  on  the  subject  invoked,  and  checked  by  at  least  two  others, 
.  a  reasonable  length  of  time  should  be  allowed  before  expecting  an  answer. 


1570— Arrangement  of  Bus-Bars— 
Why  are  the  busses  on  a  two-phase, 
four-wire  switchboard  nearly  always 
installed  A-i,  B-l,  A-2,  B-2,  rather 
than  A-i,  A-2,  B-i,  B-2?  Is  it  to 
separate  opposite  polarities  as  much 
as  possible  or  to  better  neutralize 
mutual  induction?  At  first  thought 
one  would  suppose  induction  effects 
would  be  better  neutralized  by  install- 
ing A-I,   A-2,    B-I,   B-2.  K.D.    (OHIO) 

The  induction  of  each  phase  is  greater 
when  the  busses  are  arranged  A-l,  B-i, 
A-2,  B-2  than  when  arranged  A-l,  A-2, 
B-i,  B-2.  The  probable  reason  for 
originally  installing  the  busses  _  A-l, 
B-I,  A-2,  B-2  was  to  provide  a  simple 
method  of  opening  or  closing  both 
phases  simultaneously  in  case  of  short- 
circuits,  or  when  synchronizing.  This 
can  be  accomplished  by  connecting 
busses  A-I  and  B-i  to  one  double-pole 
switch  and  A-2  and  B-2  to  another. 

C  M.I.. 

I57I_C0NVERTER  OPERATION— To  pro- 
vide temporarily  for  charging  large 
storage  batteries  it  is  proposed  to  use 
one  300  kw,  600  volt,  three-phase,  and 
one  500  kw,  600  volt,  six-phase  dia- 
metrical, compound  rotary  converter, 
connection  diagrams  of  which  arc 
shown  in  Figs,  (a)  and  (b).  The 
transformers  for  the  300  kw  set  are 
three  no  kw,  single-phase  units,  con- 
nected delta-delta,  with  inside  delta 
taps  on  the  secondaries  for  a  starting 
vohage  of  18s  volts  and  a  running 
voltage  of  370  volts ;  the  transformers 
for  the  500  kw  set  are  three  185  kw 
single-phase  units  connected  as  shown 
in  Fig.  (b),  with  starting  voltages 
of  143  and  286  volts,  and  a  running 
voltage  of  430  volts.  As  600^  volts 
direct-current  is  higher  than  is  de- 
sired, it  is  proposed  to  run  the  smaller 
set  on  the  starting  voltage  of  185, 
giving  approximately  300  volts  direct- 
current,  and  the  larger  set  on  the 
second  starting  voltage  of  286,  giving 
approximately  400  volts  direct-cur- 
rent; no  changes  are  to  be  made  in 
the  wiring  of  the  smaller  set;  on  the 
larger  set  the  reactive  coils  will  be 
connected  to  the  middle  points  of  the 
left  D.P.D.T.  switch  of  Fig.  (b),  in 
order  to  have  them  in  circuit  when 
running  on  the  starting  point.  The 
direct-current  voltage  will  be  further 
reduced  as  necessary  by  water  rheo- 
stats, and  the  machines  will  carry 
their  loads  separately.  Your  opinion 
is  requested  as  to  this  scheme  and 
particularly  as  to  the  following:— (a) 
Will  it  be  possible  to  obtain  the  full 
current  ratings  of  the  machines,  500 
and  833  amperes,  under  the  condi- 
tions outlined?  (b)Will  the  change 
of  location  of  reactive  coils  on  the 
500  kw  set  affect  the  starting  of  the 
set?  (c)Why  are  the  reactive  coils 
located  differently  on  the  two  sets? 
(d)What  will  be  the  probable  effect 
on  the  power-factor  of  the  machines 
if   operated   as   outlined?     (c)In   case 


it  is  found  possible  to  reconnect  the 
secondaries  of  the  transformers  for 
the  500  kw  set  so  as  to  obtain  a  single 
voltage  of  215  volts,  giving  approxi- 
mately 300  volts  direct-current,  which 
\vould  be  preferable?  Would  this  be 
an  excessively  high  voltage  for  start- 
ing a  machine  of  this  size? 

L.F.W.     (CAL.) 

(a) It  will  be  possible  to  obtain  the 
full  current  ratings  of  the  two  machines 
operating  at  reduced  vohages  only  on 
the  basis  of  their  being  commutating- 
pole  types.  If  they  are  non-commutat- 
ing-polc,  for  given  commutation  char- 
acteristics, the  output  in  amperes  should 
be  reduced  approximately  in  proportion 
to  the  reduction  of  voltage.  (b)If 
each  machine  is  operating  from  its  own 
bank  of  transformers,  and  is  not  in 
parallel  on  the  direct-current  side  with 
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FIG.  1571(a)  and  (b) 

any  other  apparatus,  we  would  recom- 
mend omitting  the  reactance  coils,  al- 
together, on  both  machines,  for  storage 
battery  service.  (c)Figs.  (a)  and  (b) 
indicate  that  the  reactance  coils  are  in 
the  running  leads  on  both  the  300  and 
500  kw  units  at  the  present  time,  (d) 
If  rheostats  have  sufficient  margin,  the 
two  machines  should  operate  at  100 
percent  power-factor  on  the  reduced 
voltages  by  adjusting  the  excitation. 
(e)The  principle  objection  to  rearrang- 
ing the  windings  of  the  transformer  for 
the  500  kw  unit  to  give  300  volts  direct- 
current  would  be  the  excessive  k.v.a. 
taken  from  the  alternating-current  sup- 
ply line  when  attempting  to  start  on 
this  high  voltage  (215)  directly.  We 
are  assuming  that  the  transformer  taps 
and  leads  are  of  same  current-carrying 
capacity  as  the  full  voltage  leads. 

R.H.N. 


1572— Condenser  Formul.v- Fig.  (a) 
shows  a  source  of  direct-current  at 
no  vohs,  a  bank  of  lamps  and  a  sig- 
naling key.  The  circuit  is  practically 
non-inductive  and  a  condenser  placed 
across  the  contact  of  the  key  very 
materially  reduces  the  spark  at  the 
points  of  the  signaling  key.  With 
one  single  25-watt  tungsten  lamp,  the 
effect  of  the  condenser,  one  micro- 
farad capacity,  is  not  noticeable. 
When,  however,  six  or  eight  such 
lamps  are  in  parallel  a  vicious  spark 
was  obtained  without  the  condenser, 
and  almost  none  at  all  when  the  con- 
denser was  connected.  While  it  is 
true  that  with  only  one  lamp  the 
spark  was  not  troublesome,  yet  it 
would  be  desirable  to  eliminate  it  still 
further,  and  the  question  is  ; — Should 
the  condenser  be  of  greater  or  less 
than  one  microfarad  capacity  to  bring 
about  this  result?  The  frequency 
with  which  the  key  is  operated  is 
very  slow,  not  faster  than  one  stroke 
per  second.  If  the  lamps  were  re- 
placed by  a  relay  whose  resistance 
and  self-induction  are  known,  can 
you  give  me  a  formula  for  calculat- 
ing the  capacity  of  the  condenser,  on 
the  assumption  that  the  key  is  opened 
„  once  an  hour  by  a  clock  mechanism. 
"5  The  electro-motive  force  employed  is 
"  a  battery  whose  voltage  and  internal 
i  resistance  are  given.  This  problem 
S  comes  up  every  now  and  then  in  con- 
"  nection  with  the  contacts  in  trans- 
mitting clocks,  where  a  contact  is 
opened  once  an  hour,  for  instance, 
and  it  is  necessary  to  calculate  the 
capacity  of  the  condenser  to  reduce 
the  spark  at  the  break.  I  have  sub- 
mitted this  problem  to  other  maga- 
zines and  they  always  suggest  the 
formula  which  shows  the  relation 
between  capacity  and  self-induction 
to  produce  resonance,  which  formula 
always  involves  the  frequency,  but  I 
cannot  see  how  the  frequency  has 
much  to  do  with  this  problem  where 
we  have  but  one  break  to  consider, 
which  occurs  once  an  hour. 

w.L.B.    (n.y.) 

A  very  large  condenser  is  needed  to 
quench  the  arcing;  for  perfect  sup- 
pression, if  the  circuit  be  entirely  non- 
inductive,  infinite  capacity  would  be  re- 
quired. If,  however,  a  small  inductance, 
say,  ten  millihenrys,  is  inserted  in  series 
with  the  lamps,  the  arc  should  be  al- 
most perfectly  extinguished  by  placing 
a  one  microfarad  condenser  across  the 
contacts.  There  is  about  the  same  arc 
with  six  lamps  in  parallel  as  with  only 
one;  the  quenching,  however,  is  more 
noticeable  with  six  lamps.  In  the  case 
illustrated  by  Fig.  (b),  calculate  the 
current  /  through  the  coil  with  the  con- 
tacts closed.  This  value  will  he  E  -^  R. 
where  E  is  the  open  circuit  or  battery 
voltage  and  R  is  the  total  resistance  in 
circuit,  including  the  internal  resistance 
of  the  battery.  The  energy  in  the  in- 
ductance is  then  0.5  LP  watt-seconds, 
where    L    is    the    self-induction    of    the 
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coil  expressed  in  henrys.  The  energy 
absorbed  by  tbc  condenser  is  0.5  CE' 
■  watt-seconds,  w  jcre  C  is  the  capacity 
of  the  condenser  in  farads  and  E  ex- 
pressed ;;.  volts  is  the  maximum  to 
which  the  potential  difference  across 
the  contacts  will  rise  when  they  are 
opened.  If  0.5  LP  is  made  equal  to  0.5 
C£'  there  will  be  no  arc,  unless  £  is 
large  enough  to  jump  across  the  con- 
tacts.   In    your    case    with    the    values 
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FIG.  1572(a)  and  (b) 
given,  if  C  is  one  microfarad,  £  will 
be  about  10  volts,  which  should  give 
quite  satisfactory-  results.  The  quench- 
ing in  such  a  circuit  will  be  the  most 
effective  if  R  is  less  than  the  square 
root  of  4L  -V-  C,  as  in  this  case  the  cur- 
rent through  the  condenser  will  oscillate 
and  the  arc  will  be  suppressed  when  the 
condenser  current  passes  through  a 
maximum  value,  usually  at  its  second 
or  third  peak. 

1573 — Rewinding  Induction  Motors — 
Suppose  one  or  more  coils  burn  out 
in  one  phase  of  an  induction  motor 
would  it  be  practicable  to  cut  out  the 
burnt  coils  and  insert  external  re- 
sistance in  the  form  of  resistance 
wire,  to  keep  from  heating  the  rest 
of   the   winding?  L.J.H.    (oHio) 

One  coil  or  sometimes  several  are  cut 
out  of  a  winding,  and  the  motor  oper- 
ated in  an  emergency  until  proper  re- 
pairs can  be  made.  In  general  this  is 
bad  practice,  because  it  throws  a  pro- 
portionate increase  in  voltage  on  all  the 
remaining  coils.  This  would  not  be 
taken  care  of  by  an  outside  resistance, 
as  suggested.  A  coil  offers  not  only  its 
ohmic  resistance  to  the  flow  of  current, 
but  it  eposes  also  the  counter  e.m.f. 
generated  in  it  by  the  rotating  field. 
This  factor  could  not  be  compensated 
by  an  externa!  resistance,  as  suggested. 
In  addition,  there  is  a  disturbance  re- 
sulting to  the  magnetic  field,  due  to  the 
removal  of  a  coil  which  cannot  be 
balanced  by  any  means  outside  the 
motor.  To  set  up  the  field  requires  a 
magnetic   motive    force,   which    is    mea- 


sured by  ampere-turns,  and  is  the  pro- 
duct of  the  amperes  tlovving,  multiplied 
by  the  number  of  turns  in  the  winding. 
If  the  number  of  turns  is  arbitrarily 
decreased  as  in  cutting  out  a  coil,  this 
cannot  be  compensated  for  by  anything 
outside  the  motor,  and  the  motor  at- 
tempts to  make  up  for  the  decrease  in 
turns  by  an  increase  in  magnetizing 
current.  However,  this  is  only  a  partial 
compensation,  since  the  dead  coil  affects 
the  local  distribution  of  the  ampere- 
turns.  In  general,  any  motor  will 
operate  for  a  while  with  one  or  two 
coils  cut  out,  but  it  is  better  practice  to 
replace  the  damaged  coils  with  new 
coils  at  the  earliest  opportunity,  as  the 
general  performance  of  the  motor  is 
better  under  normal  conditions. 

A.M.D. 

1574 — Direct-Current  Motor — I  have  a 
four-pole  direct-current  generator  and 
one  of  the  fields  burnt  out.  Can  I 
connect  to  the  next  field,  and  run  the 
machine,  the  magnetic  circuit  travel- 
ing from  the  other  fields  through  the 
frame,  and  out  the  pole  face  where 
coil  is  burnt  out,  and  taken  off? 
Could  the  above  be  run  temporarily 
until   coil   was   repaired? 

E.M.D.   (wash.) 

The  results  of  connecting  across  one 
shunt  field  coil  in  a  four  pole  machine 
will  vary  to  a  certain  extent  with  the 
way  the  machine  is  designed.  One  re- 
sult will  be  that  the  three  remaining 
shunt  field  coils  will  run  hotter  since 
there  will  be  about  1.8  as  much  heat 
generated  in  these  coils.  In  a  machine 
having  a  wave  or  series  wound  arma- 
ture the  machine  ought  to  operate  until 
the  coil  could  be  repaired;  the  only 
change  being  a  little  higher  speed  in  a 
motor,  or  a  lower  voltage  if  a  generator. 
However,  if  the  machine  be  lap  or 
parallel  wound,  and  not  protected  by 
equalizer  connections,  the  armature 
would  also  be  liable  to  run  hot  on  ac- 
count of  the  circulating  currents  caused 
by  the  unbalanced  field  flux.  Since 
most  machines  are  either  wave  wound 
or,  if  lap  wound,  protected  by  equalizer 
conijections.  a  machine  will  probably 
operate  while  one  shunt  coil  is  being 
repaired,  but  with  a  higher  temperature 
in  the  remaining  field  coils.  The  limit 
in  temperature  which  the  cotton  cover- 
ing on  field  coil  wire  will  stand  is  about 
los  degrees.  If  operatecf  at  or  above 
this  temperature  for  anv  length  of  time 
the  cotton  covering  will  burn  up. 

R.M.C. 


157s — Changing  Direct-Current  motor 
Voltage — I  have  a  ten  horse-power, 
230  volt,  1200  r.p.ni.  direct-current 
motor  I  would  like  to  change  to  a  120 
volt  motor  with  same  speed  and 
horse-power.  Am  I  correct  in  chang- 
ing the  armature  connections  from 
wave  which  it  is  at  present  to  lap 
connection  and  paralleling  the  shunt 
and  series  fields,  the  machine  being 
compound?  Also  I  have  a  500  volt 
series  hoist  motor  with  wave  arma- 
ture. Would  this  motor  give  the 
same  horse-power  on  250  volts  if  the 
armature  was  connected  lap  and  two 
more  brushholders  added,  also  paral- 
leling the  fields?  The  ten  horse- 
power motor  mentioned  above  already 
has  four  brushhoWers  but  the  series 
hoist  motor  has  only  two. 

G.M.L.     (UTAH) 

You  will  be  able  to  operate  with  half 
the  voltage  obtained  with  a  wave  wind- 
ing by  using  a  lap  winding,  provided 
you  have  a  four-pole  machine  which 
you  probably  have  from  the  rating  you 
give.  However,  there  are  some  re- 
strictions to  a  change  of  this  nature. 
In  the  first  place,  when  you  change 
from  230  to  120  volts  you  have  about 
twice  as  much  current  to  collect  or  you 
should  use  twice  as  many  brushes  per 
arm  as  the  machine,  built  for  230  volts, 
is  equipped  with.  If  your  commutator 
is  not  long  enough  for  the  addition  of 
twice  as  many  brushholders,  you  will 
be  overworking  the  brushes  if  you  try 
to  get  ten  horse-power  and  you  will 
probably  have  commutator  trouble. 
There  is  another  serious  objection  to 
this  change.  Your  ten  horse-power 
motor  probably  has  four  poles  and 
thus,  with  a  wave  winding,  must  have 
an  odd  number  of  commutator  bars,  the 
armature  also  probably  has  an  odd 
number  of  slots.  This  condition  will 
make  the  winding  unsymmetrical  as  a 
lap  winding  and  thus  will  lead  to  cir- 
culating currents  with  consequent  heat- 
ing and  commutator  trouble.  The  better 
plan  will  be  to  buy  a  120  volt  armature 
from  the  manufacturer  or,  if  the  arma- 
ture has  an  even  number  of  turns  per 
coil,  to  connect  the  turns  in  two  groups 
in  parallel.  It  will  also  be  a  good  plan 
to  connect  your  fields  in  parallel  so 
that  the  two  north  pole  windings  will 
be  in  the  same  circuit  and  not  a  north 
and  a  south  pole.  The  same  system  of 
reconnection  will  apply  to  the  500  volt 
hoist  motor  which  you  mention,  pro- 
vided it  is  a   four-pole  machine. 

R.M.C. 


Iron-Core  Reactors 

In  an  air  core  reactor,  the  voltage  across  the  terminals  of 
the  reactor  varies  directly  with  the  value  of  current  passing 
through  the  winding.  This  is  because  air  having  a  constant 
permeability  forms  the  magnetic  circuit.  In  an  iron  core  reactor 
the  vohage  varies  directly,  with  the  value  of  current  up  to  a 
certain  limit,  (saturation  of  the  iron")  beyond  which  the  volt- 
age will  vary  at  a  less  rate  than  the  current. 

In  general,  if  the  voltage  of  a  reactor  is  not  required  to 
vary  directly  with  the  current  at  values  materially  above  its 
full-load  current  rating,  the  iron  core  reactor  will  be  cheaper. 
If  the  voltage  is  required  to  vary  directly  with  eurrent  up  to 


current  values  which  will  heat  the  copper  to  the  limit  in  a  rela- 
tively short  time,  an  air  core  reactor  is  desirable ;  as,  if  an 
iron  core  were  used,  it  would  be  necessary  to  work  the  iron  at 
a  very  low  flux  density  at  full  load  and  no  material  gain  in  flux 
density  is  possible  over  the  air  core  type.  The  iron  core  re- 
actor has  the  advantage,  however,  that  it  is  possible  to  confine 
its  magnetic  field  within  the  reactor  itself,  whereas  the  air  core 
reactor  sets  up  a  strong  field  outside  of  its  mechanical  limits. 

An  iron  core  reactor  consists  of  a  winding  of  several  turns 
on  a  magnetic  circuit  having  a  high  reluctance  to  the  path  of 
the  flux.  The  impedance  of  the  reactor  will  be  inversely  pro- 
portional to  the  magnetic  reluctance  and  directly  proportional 
to  the  frequency  and  to  the  square  of  the  number  of  turns,  as- 
suming that  the  resistance  of  the  winding  is  negligible. 
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The  current  which  will  flow  in  the  circuit  with  a  given 
voltage  drop  across  the  terminals  of  the  reactor  may  be  con- 
sidered as  the  exciting  current  of  the  reactors.  As  an  example, 
an  ordinary  transformer,  operating  with  the  secondary  circuit 
open  may  be  considered  as  a  reactor.  In  this  case  the  voltage 
across  the  terminals  builds  up  very  rapidly  for  small  values  of 
current  until  saturation  of  the  iron  circuit  is  reached,  after 
which  voltage  will  build  up  at  a  very  slow  rate  with  increase  in 
current.  In  fact  a  curve  plotted  between  voltage  and  current 
is  the  typical  saturation  curve  of  iron.  As  the  exciting  current 
in  a  transformer  is  only  about  ten  percent  of  the  full  load  cur- 
rent, the  iron  will  be  saturated  at  a  current  of  about  ten  per- 
cent of  the  value  which  the  winding  will  carry.  This  then 
means  that  there  are  more  ampere-turns  available' in  this  wind- 
ing than  are  required  to  magnetize  the  iron,  hence  the  iron  be- 
comes saturated  when  full-load  current  is  passed  through  this 
winding. 

In  an  iron^core  reactor,  the  current  which  will  pass  through 
the  windings,  with  a  given  voltage  drop  across  the  terminals 
of  the  reactor  will  vary,  within  certain  limits,  directly  with  the 
reluctance  of  the  magnetic  circuit,  or  conversely,  the  drop  in 
voltage  across  the  reactor  with  a  given  current  will  vary,  with- 
in limits,  inversely  as  the  reluctance.  Since  the  reluctance  is 
proportional  to  the  length  of  the  magnetic  circuit  divided  by  the 
product  of  the  areas  of  cross-section  and  permeability  of  the 
iron,  it  can  be  increased  by  increasing  the  length  of  the  circuit 
or  decreasing  the  cross-section  or  permeability.  Increasing  the 
length  of  the  magnetic  circuit  is  not  a  practical  procedure  in 
that  the  weight  would  not  only  be  too  great  but  the  cost  would 
be  prohibitive.  If  the  area  of  cross-section  is  diminished,  since 
the  voltage  applied  and  number  of  turns  are  assumed  as  con- 
stant, the  density  of  the  flux  is  obviously  increased.  Satura- 
tion of  tlie  magnetic  circuit  will  be  reached  at  about  20000  to 
25  000  gausses,  depending  on  the  grade  of  steel  used  and,  after 
passing  the  knee  of  the  saturation  curve,  a  much  greater  in- 
crease in  exciting  current  is  required  to  produce  a  given  volt- 
age drop. 

Since  air  has  a  permeability  very  low  compared  with  iron, 
if  a  small  air-gap  be  placed  in  the  magnetic  circuit,  most  of  the 
ampere-turns  available  in  the  coil  are  required  to  force  the  flux 
across  this  small  air-gap.  Since  the  permeability  of  this  air- 
gap'  is  constant  (being  that  of  air)  the  reactor  will  act  the 
same  as  an  air  core  reactor  up  to  the  point  at  which  the  flux 
becomes  great  enough  to  saturate  the  iron  circuit.  By  making 
the  air-gap  of  a  proper  value  for  the  ampere-turns  and  mag- 
netic circuit  involved,  the  iron  will  not  become  saturated  until 
a  predetermined  value  of  current  is  reached,  this  value  usually 


being  somewhat  above  the  full-load  rating  of  the  reactor.  As 
a  matter  of  fact,  due  to  the  large  number  of  ampere-turns  used 
up  in  the  air-gap,  the  flux  density  can  be  run  very  high  before 
the  voltage  obtained  deviates  materially  from  the  straight  line 
characteristic  of  an  air  core  reactor. 

The  limits  of  this  variation  are  the  saturation  of  the  iron 
and  the  fringing  of  the  air-gap.  It  is  found  that  as  the  length 
of  the  air-gap  is  increased,  the  flux  tends  to  fringe  out  in  cross- 
ing, giving  an  effective  area  greater  than  the  cross-section  of 
tlie  core  and  therefore  a  less  dense  flux  in  the  air-gap.  With 
small  air-gaps  from  one-sixtj'-fourth  to  three-sixteenth  or  one 
quarter  inch,  this  fringing  is  not  appreciable  and  the  variation 
of  current  and  voltage  will  be  proportional,  as  described  above, 
but  with  longer  gaps  this  fringing  becomes  quite  marked  and 
the  change  of  voltage  is  not  quite  proportional  to  the  change  in 
the  air-gap. 

An  expression  for  the  impedance  voltage  of  the  reactor  is 
given  in  the  following  formula : — 

0.201  X  N'  X  I  Xf  X  A 
kX  10' 
Where  A'  =  number  of  turns 

/  :=  amperes   flowing  in   winding 
f  =  frequency  in  cycles. 
/4  =  effective  area  of  air  gap  in  sq.  inches. 
Is  =  length  of  air  gap  in  inches. 
The  effective  area  of  the  air  gap  is  closely  approximated  by 
(_x  +  I,)    (y  -f-  /.)  where  x  and  y  are  the  dimensions  of 


A 

the  cross-section  of  the  iron. 


W.  R.  Woodward 


Sealing  Leads  on  Auto-Starters 

The  following  method  of  insulating  leads  on  auto-starters 
will  prevent  siphoning  of  oil : 

a — Remove  insulation  from  each  lead  just  above  the  highest 
oil  level  for  a  distance  of  two  inches. 

b — Sweat  the  strands  of  the  cable  thoroughly  together  so 
as  to  close  up  all  spaces  between  the  conductors  for  a  distance 
of  one  inch. 

c — Insulate  the  lead  with  treated  cloth  tape,  wrapping  the 
tape  tightly  around  the  conductor  and  brushing  each  layer 
with  insulating  varnish  while  wrapping. 

d — Extend  the  wrapping  to  tape  with  three  overlapping 
layers  at  least  one  inch  on  the  insulation  at  each  end  of  the 
bare  section. 


"Circle  T"  Safety  Service  ffl 

EXTERNALLY  OPERATED  KNIFE  SWITCHES 


"Safety  Service"  Knife  Svsritches  can  be 
operated  safely  by  any  kind  of  inexperi- 
enced labor.  No  danger  of  shock  in  renewr- 
ing  fuses  or  in  opening  and  closing  switch. 


Catch  prevents  switch  from  heing  connected  until 
cover  is  closefl 


"SAFETY  SERVICE"  FEATURES 

1.  Box  cannot  be  opened  until  Switch  is  disconnected. 

2.  Switch  cannot  be  connected  until  Box  is  closed. 

2'Hence  it  is  always  impossible  at  any  time  to  come  in  touch  with  a  live  closed  Switch. 
'«!!iSo?"  Send  for  our  " Sat ety  Service'  Bulleii7i. 
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No  science  has  done  more  to  revolu- 
Armature  tionize  our  mode  of  life  and  fashion 
Reaction  q£   thought   than  electrical   engineer- 

ing. The  children  of  today  are  incredulous  and  amused 
that,  as  children,  tlieir  parents  enjoyed  no  telephones, 
trolley  cars,  electric  lights  nor  a  legion  of  devices  which 
advance  their  Today  so  far  beyond  our  Yesterday. 

No  science  is  more  replete  than  electrical  engineer- 
ing with  terms  unfamiliar  to  the  lay  ear.  And  yet 
words  the  most  mysterious  are  often  of  very  practical 
importance  to  "the  man  in  the  street" — though  he  knows 
it  not.  He  accepts  the  fact  with  no  thought  of  cause. 
How  many  ex-rheumatics  give  any  thought  to  the  dental 
Roentgenography  which  aided  in  their  relief?  How 
many  automoblists  today  thank  Faraday  for  his  re- 
searches ninety  odd  years  ago  in  electromagnetic  induc- 
tion? But  for  "phantom  circuits",  how  would  the 
price  of  telegrams  and  telephone  messages  increase,  un- 
der the  burden  of  the  copper  alone  that  the  companies 
vrould  have  to  buy  ? 

In  all  our  electrical  vocabulary,  there  are  few  ex- 
pressions of  more  work-a-day  importance  to  the  operat- 
ing engineer  than  "armature  reaction."  How  often  does 
he  stop  to  think  that  only  the  mastery  of  its  significance 
in  machine  design  made  possible  the  old  close-regulating 
alternator,  so  necessary  to  the  establishment  and  growth 
of  constant  potential  distribution  systems — the  very 
back-bone  of  our  central  station  practice?  Or  that, 
with  the  more  widely  regulating  generators  permissible 
after  the  advent  of  the  automatic  voltage  regulator,  this 
same  armature  reaction  is  intimate  with  the  protection 
of  machines  from  injury,  both  electrical  and  mechani- 
cal, upon  short-circuit? 

Every  operator  is  treading  on  the  heels  of  arma- 
ture reaction,  when  he  parallels  his  generators  to  divide 
the  load  according  to  his  needs  and  tlieir  safety.  Arm- 
ature reaction  in  the  synchronous  condenser  makes  nor- 
mal the  behavior,  of  the  generator  disturbed  by  the  ef- 
fect of  lagging  power- factor  on  its  own  brand  of  arma- 
ture reaction.  When  the  station  engineer  switches  his 
generator  onto  a  long,  unloaded  transmission  line,  and 
his  voltage  begins  to  run  away,  does  he  recognize  the 
handiwork  of  armature  reaction?  When  he  despairs 
of  getting  accurate  results  from  input-output  efficiency 
tests  on  many  kinds  of  machinery,  does  he  know 
whether  armature  reaction  plays  any  part  in  his  dis- 
comfiture ? 

Not  to  multiply  cases,  this  expression  is  pregnant 
with  practical  interest  for  the  electrical  man,  who  too 
often  is  either  stranger  to  the  term  or  has  at  best  but  a 


bowing  acquaintance.  Mr.  F.  D.  Newbury's  article  on 
the  subject  in  this  issue  of  the  Journal  presents  the 
phenomenon  with  such  masterly  clearness  that  the 
thoughtful  reader  may  well  feel  that  the  mystery  of 
its  identity  has  been  solved,  and  be  correspondingly 
encouraged  toward  more  intimate  knowledge  of  its  ef- 
fect upon  The  Days  Work. 

Nicholas  Stahl. 


Automatic 
Substations 


Economy  and  man-saving,  in  particu- 
lar, are  being  emphasized  on  every 
hand.  The  automatic  substation,  a 
man  saving  device,  is  therefore  particularly  timely. 
The  scheme  is  logical ; — the  types  and  kind  of  apparatus 
employed  have  had  their  reliability  demonstrated  in 
other  more  or  less  similar  fields  where  the  duty  has  been 
even  more  exacting  and  where  failure  would  be  fully  as 
objectionable.  A  certain  hesitancy  is  perhaps  natural, 
and  caution  is  advisable  when  new  methods  or  more  or 
less  untried  methods  of  operation  are  proposed.  Only 
nine  years  ago  outdoor  substations  were  proposed  as  a 
desirable  means  of  reducing  substation  costs.  There 
was  strong  opposition  when  they  were  proposed  as  de- 
sirable, and  great  fears  were  expressed  concerning  their 
ability  to  render  continuous  service.  Today  they  are 
very  common  and  indications  point  to  even  still  more 
general  adoption. 

The  multiple-unit  automatic  control-  of  electric 
cars,  involving  thorough  dependability  and  continued 
reliability,  is  an  excellent  illustration  of  accomplishment 
along  these  same  lines,  where  almost  brain-likfe  response 
and  susceptibility  is  demanded  of  the  control  equipment. 
There  have  been,  of  course,  individual  problems  and 
difficulties  with  some  applications.  This  is  to  be  ex- 
pected but,  as  a  whole,  the  problems  have  been  met  and 
solved. 

The  automatic  substation,  as  described  by  Mr. 
Wensley  in  this  issue,  gives  every  promise  of  rapidly 
coming  into  common  use  and  becoming  an  important 
factor  in  railway  electrification.  The  natural  caution 
now  exhibited  will  soon  give  way  to  confidence  based  on 
the  experience  which  is  rapidly  being  acquired  from 
satisfactory  service.  Confidence  is  further  justified  in 
that  the  individual  apparatus  employed  is  very  largely, 
if  not  entirely,  of  established  standard  design,  this  ser- 
vice being  merely  a  new  application.  Hence,  the  ad- 
vent of  the  automatic  substation  is  particularly  aus- 
picious and  its  early  general  adoption  may  be  confi- 
dently expected. 

K.  C.  Randall 


ArBiatai'i)  jloaotioii  of  Polyplm^^  /XitoriiaU)^^ 


F.  D.  Newbury 


11-   AX  alternator  is  carrying  load,  and  the  exciting 
current  is  not  changed,  any  change  in  the  amount 

or  in  the  power-factor  of  the  load  current  will 
cause  the  delivered  voltage  to  change;  or  if,  as  is 
usually  the  case,  the  voltage  is  held  at  a  constant  value, 
changes  in  load  will  require  a  change  in  the  exciting 
current.  As  is  well-known,  an  increase  in  the  lags^ing 
component  of  the  load  current  causes  a  drop  in  voltage 
or  requires  an  increase  m  exciting  current  to  maintain 
constant  voltage;  and  a  decrease  in  the  lagging  compo- 
nent or  an  increase  in  the  leading  component  causes  an 
increase  in  voltage,  or  requires  a  reduction  in  the  ex- 
citing current  to  maintain  constant  voltage.  Since  lag- 
ging currents  and  power-factors  are  much  more  com- 
mon in  practical  work  than  leading  currents  and  power- 
factors,  the  former  condition  will  be  assumed,  except 
when  a  leading  current  is  expressly  mentioned. 

Drop  in  terminal  voltage  due  to  an  increase  in  load 
is  caused  by  three  factors:  the  resistance  of  the  arma- 
ture winding,  the  reactance  of  the  armature  winding, 
and  the  armature  demagnetization  or  reaction.  It  is 
convenient  to  group  the  first  two  and  consider  them  as 
a  single  voltage  factor,  resulting  in  a  voltage  drop  due 
to  impedance.  The  third  factor — the  armature  reaction 
— is  purely  a  magnetic  flux  phenomenon.  Of  these  fac- 
tors, the  armature  reaction  is  the  more  important.  If  a 
turbogenerator,  for  example,  has  a  total  voltage  drop  of 
40  percent  when  rated  load  at  80  percent  lagging  power- 
factor  is  applied  (the  excitation  being  that  required  to 
produce  rated  voltage  at  rated  load),  three-fourths  of 
this  drop  may  easily  be  due  to  the  armature  reaction. 

Current  flowing  in  a  circuit  of  whatever  form  sets 
up  a  magnej:ic  field  that  reacts  on  any  other  adjacent 
magnetic  field.  Thus,  in  an  alternator  Ihe  load  current 
flowing  in  the  armature  winding  sets  up  a  magnetic  field 
that  reacts  on  and  modifies  the  form  and  strengtii  of 
the  main  exciting  field..  The  most  direct  method  of 
studying  this  armature  reaction  is  to  determine  graphi- 
cally the  effect  of  the  armature  field  on  the  main  excit- 
ing field  and  the  resultant  effect  on  the  generated  volt- 
age. 

To  reduce  the  polyphase  armature  to  its  simplest 
form,  consider  a  two-pole  alternator  having  a  two-phase 
armature  winding,  Fig.  i.  Throughout  this  discussion, 
the  rotating  field  structure  will  be  assumed.  This  is 
contrary  to  usual  practice  and  requires  the  use  of  a  di- 
rection of  motion  contrary  to  the  actual  direction  of  ro- 
tation, when  determining  the  direction  of  e.m.f.  gener- 
ated in  the  stationary  armature  conductors. 

•  With  the  rotor  in  the  position  shown,  the  voltage 
generated  in  the  conductors  of  phase  A  has  its  maxi- 
mum value  and  the  voltage  generated  in  the  conductors 
of  phase  B  is  zero.  The  direction  of  voltage  in  the  con- 
ductors of  phase  A  is  away  from  the  reader,  (as  indi- 
cated by  the  crosses)   in  the  conductors  opposite  the 


north  pole  and  is  toward  the  reader,  (as  indicated  by 
the  dots)  in  the  conductors  opposite  the  south  pole. 
These  voltage  directions  are  determined  by  the  direc- 
tions of  flux  and  relative  conductor  rotation  assumed. 
If  current  is  fiowing  in  the  armature  winding  due  to 
these  voltages,  and  the  current  is  in  phase  with  the  gen- 
erated voltage  (or  with  the  terminal  voltage,  assuming 
no  armature  drop)  the  current  in  phase  A  will  have  its 
maximum  value  in  the  same  direction  as  the  voltage  and 
the  current  in  phase  B,  at  the  assumed  moment,  will  be 
zero.  The  current  in  phase  A  will  set  up  a  magnetic 
field  as  shown  in  Fig.  2.  This  armature  field — or  arma- 
ture reaction — due  to  current  in  phase  with  the  no-load 
voltage  is  seen  to  have  a  space  position  at  right  angles 
to  the  main  exciting  field  and  a  direction  such  that  the 
north  pole  of  the  armature  field  is  in  advance  of  the 
north  pole  of  the  main  exciting  field.  (It  is  in  advance 
from  the  standpoint  of  the  relative  direction  of  rotation 
of  the  armature  conductors,  although  it  is  behind  from 


FIG.    I — SCHEMATIC     DIAGR.\M    OF  FIG.   2— FLUX     INDUCED     BY    CUR- 
ELEMENTAL       TWO-PHASE,       TWO-  RENT    IN    ARMATURE    CONDUCTORS 
POLE,  ALTERNATOR  OF  PHASE'^ 

the  Standpoint  of  the  actual  direction  of  rotation  of  the 
rotating  field).  These  relations  are  more  easily  seen  in 
Fig.  3,  wdiich  is  a  developed  picture  of  the  two  field 
poles,  and  the  armature  winding  of  Fig.  i.  The  direc- 
tions of  the  main  flux  MF  and  the  armature  flux  AF 
are  indicated.  The  direction  of  the  armature  flux  is 
determined  by  what  may  be  called  the  direction  of  the 
winding,  as  well  as  by  the  direction  of  current  in  the 
active  or  slot-portion  of  the  conductors.  Thus,  in  Fig. 
3,  the  current  in  the  slot-portions  of  the  conductors 
y-8-Q-io  is  the  same,  i.  e.,  toward  the  reader  as  indicated 
by  the  dots;  but  the  flu.x  due  to  the  current  in  conduc- 
tors ^-8  is  in  the  direction  of  the  flux  from  the  south 
main  pole — or  below  the  zero  axis  in  Fig.  4,  while  the 
flux  due  to  current  in  conductors  p-io  is  in  the  direction 
of  the  flu.x  from  the  north  main  pole — or  above  the  zero 
axis  in  Fig.  4.  This  is  because  conductors  ^-8  are  con- 
nected in  the  winding  in  a  clockwise  direction,  while 
conductors  p-io  are  connected  in  a  counterclockwise 
direction.  In  Fig.  4  the  combination  of  main  flux  and 
armature  flux  has  been  carried  out  graphically.  The 
form  of  the  main  field  has  been  assumed  to  have  the 
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Relative  Rotalii'.i  Of  Armature 


FIGS.  3   TO   10 — SUCCESSIVE    FLUX    DIA- 
GRAMS 

Showing  the  rotation  of  the  arm- 
ature field. 


trapezoidal  shape 
A  B  C  D.  While 
this  is  somewhat 
different  from  the 
field  form  of  a 
salient  pole  gener- 
ator, i  t  approxi- 
mates that  of  a 
t  u  r  b  o-generator, 
having  the  usual 
cylindrical  rotor. 
It  is  sufficiently 
close  to  the  actual 
case  for  any  gener- 
ator for  the  pres- 
ent purpose. 

Consider- 
ing  a  single  group 
of  two  coils,  the 
armature  field  is 
assumed  to  have 
uniform  maximum 
strength  between 
the  two  inside  con- 
ductors or  inside 
turn,  and  to  attain 
this  maximum 
strength  by  a  num- 
ber of  steps  equal 
to  the  number  of 
turns.  This  field 
form  is  represent- 
ed by  the  stepped 
figure  V  X  Y  Z, 
Fig.  4.  Another 
example  of  arma- 
ture field  is  shown 
in  Fig.  5. 

These  curves 
of  armature  flux 
are,  strictly  speak- 
ing, curves  of  mag- 
netizing force  or 
ampere-turns.  The 
true  flux  curves 
are  modified  by  the 
shape  of  the  mag- 
netic circuit.  In  a 
turbo  generator 
having  a  cylindri- 
cal rotor  and  a 
uniform  length  of 
air-gap,  the  curves 
of  magnetizing 
force  and  flux 
have  tlie  same 
shape;  in  a  salient 
pole  generator,  the 
flux  density  due  to 


5 — FLUX    DIAGRAM    OF  CONSEQUENT 
POLE  ARMATURE   WINDING 


armature  ampere  turns  in  that  part  of  the  air-gap  be- 
tween the  rotor  poles  will  be  considerably  reduced  on 
account  of  the  longer  air  path.  In  the  present  discus- 
sion, the  field  due  to  armature  reaction  will  be  assumed 
to  have  the  same  shape  as  the  space  distribution  of  am- 
pere-turns. The  re- 
sultant field  is  ob- 
tained by  adding  or 
subtracting,  a  s  the 
case  may  be,  the  ordi- 
nates  of  the  main  ex- 
citing field  and  of  the 
armature  field.  In 
Fig.  4  the  resultant 
field  has  increased  in 
strength  at  the  trail- 
ing pole  tips  (refer- 
red to  the  actual  di- 
rection of  rotation  of 
the  revolving  field) 
and  has  decreased  in  strength  at  the  leading  pole  tips. 
The  eflfect  of  the  armature  reaction  has  also  been  to 
shift  the  resultant  field  backward  with  reference  to  the 
motion  of  the  rotor.  This  shifting  of  the  resultant  field 
may  be  pictured  as  a  retardation  of  the  exciting  field  as 
load  comes  on.  It  results  in  a  delay  in  the  time  of  maxi- 
mum voltage — or,  in  other  words,  in  the  full-load  volt- 
age lagging  behind  the  no  load  voltage  wave,  (using  the 
main  field  flux  as  the  fixed  reference  for  phase). 

In  Figs.  3  and  4  each  phase  of  the  armature  wind- 
ing is  so  connected  as  to  form  two  groups  of  two  coils 
each  instead  of  one  group  of  four  coils,  as  might  appear 
from  Fig.  2  to  be  the  obvious  arrangement.  If  the  lat- 
ter arrangement  is  used — and  such  an  arrangement  of 
the  winding  would  generate  the  same  no-load  voltage  as 
the  arrangement  in  Fig.  3 — the  armature  reaction  would 
be  doubled  and  would  be  unsymmetrical  with  respect  to 
the  main  field.  This  is  illustrated  in  the  combined  flux 
diagram  of  Fig.  5.  For  obvious  reasons,  this  is  not  a 
desirable  winding,  and  is  seldom,  if  ever,  used  in  prac- 
tice. 

Figs.  I  to  4  show  the  main  field,  armature  reaction, 

and  resultant  field  at 
only  one  instant;  at 
the  time  when  the 
voltage  and  current 
in  phase  A  have  their 
maximum  values  and 
the  voltage  and  cur- 
rent in  phase  B  are 
passing  through  zero. 
During  operation,  the 
position  of  the  rotor, 
and  the  values  of 
voltage  and  current 
are  continuously  changing.  When  the  rotor  has  turned 
45  degrees,  for  example,  the  voltage  and  current  in 
phase  A  have  decreased  to  0.7  of  their  maximum  values 
and  the  voltage  and  current  in  phase  B  have  increased 
from  zero  to  0.7  of  their  ultimate  maximum  and  in  the 


FIG.   6  —  ARMATURE         FIELD         WITH 
PHASES    A    AND  B   EQUALLY   EXCITED 
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same  direction  as  the  voltage  and  current  in  phase  A* 
At  this  instant  of  time,  the  armature  reaction  is  due  to 
the  currents  in  both  phases.  From  the  direction  of 
currents  in  the  two  phases,  as  indicated  by  the 
dots  and  crosses  in  Fig.  6  it  is  obvious  that  the  two 
phases  are  equivalent,  in  magnetizing  force,  to  a  single 
coil  wound  about  the  axis  AB.  The 
general  direction  of  the  resultant 
field  is  indicated  roughly  by  the 
lines  of  force  drawn  in  Fig.  6. 

These  changes  can  be  more  ex- 
actly investigated  by  plotting  a 
series  of  flux  diagrams,  such  as 
Fig.  4,  for  a  number  of  times  at 
equal  intervals.  This  has  been  done 
in  Figs.  7,  8,  9  and  10,  showing  the  instantaneous  values 
and  phase  positions  of  main  flux,  armature  flux  and  re- 
sultant flux  for  positions  of  the  rotor  22.5  degrees  apart. 
(1-16  revolution  in  the  two-pole  generator).  Since 
there  are  16  armature  slots,  each  position  is  one  arma- 
ture slot  in  advance  of  the  previous  position  illustrated. 
Thus  in  Fig.  7  the  position  of  the  main  exciting  field 
(determined  directly  by  the  position  of  the  rotor)  is 
22.5  degrees  or  one  armature  slot  in  advance  of  the 
position  in  Fig.  4.  During  this  time  the  current  in 
phase  A  has  decreased  in  value  to  92  percent  of  its 
maximum  value  in  Fig.  4  (sine  of  67.5  degrees)  and  the 
current  in  phase  B  has  increased  from  zero  to  38  per- 


apart.  When  one  field  is  at  maximum  strength,  the 
other  disappears,  and  when  the  former  disappears,  the 
latter  field  reaches  its  maximum  strength. 

While  the  shape  of  the  polyphase  armature  re- 
action curve  varies  considerably  at  different  instants, 
the  total  flux  (proportional  to  the  area  enclosed  by  the 
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FIG.    II — TCCTOR   REPRESENTATION   OF   ARMATURE   FIELD   IN   A   TWO-PHASE    ALTERNATOR 


resultant  curve)  will  be  found  to  be  practically  constant. 
Further,  the  space  position  of  the  resultant  armature 
reaction  curve  changes  synchronously  with  the  position 
of  the  main  exciting  field — that  is,  with  the  position  of 
the  rotor.  In  each  position  illustrated,  the  zero  points 
in  the  resultant  armature  reaction  curve  fall  directly 
under  the  maximum  points  in  the  main  exciting  flux 
curve;  the  armature  flux  rotates  with  the  rotating  ex- 
citing field,  and  is  at  all  times  90  degrees  behind  it.  This 
is  merely  a  demonstration  of  the  familiar  fact  that  a 
polyphase  winding  produces  a  rotating  field  of  constant 
value.  This  fact  may  be  also  shown,  and  perhaps  in  a 
simpler  way,  by  means  of  vectors  representing  the  mag- 
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(f)  -  Current  Relations 


cent  of  the  maximum  value  (sine  of  22.5  degrees;  and 
in  the  same  direction  as  the  direction  of  current  in  phase 
A,  as  already  explained.  The  armature  reaction  at  this 
instant  is  due  to  current  in  both  phases,  as  shown  by 
the  resultant  curve  M  N  0  P  Q'm.  Fig.  7.  Each  of  the 
successive  figures  (Figs.  8-10,  inclusive)  represents  in- 
stantaneous conditions  at  successive  intervals  of  time, 
corresponding  to  rotation  of  22.5  degrees.  The  five 
figures  cover  conditions  during  one-quarter  cycle;  con- 
ditions during  successive  quarter-cycles  will  be  the 
same.  It  is  seen  that  in  a  two-phase  armature  there  are 
two    single-phase   armature   fields    spaced    90   degrees 


*It  is  immaterial  whether  it  is  assumed  that  the  current 
in  phase  B  increased  in  the  same  direction  or  in  the  opposite 
direction,  providing  the  space  location  of  phase  B  winding  is 
properly  taken  for  the  assumption  made.  For  example,  the 
current  in  phase  B  increases  in  the  same  direction  as  the  cur- 
rent in  phase  A,  if  the  terminal  coil  of  phase  B  is  ahead  of 
the  corresponding  terminal  coil  of  phase  A,  and,  conversely, 
the  current  in  ph&se  B  increases  in  the  opposite  direction  if 
the  terminal  coil  of  phase  B  is  behind  that  of  phase  A  as 
connected  in  the  winding.  The  result  is  the  same  in  Fig.  7 
whether  the  armature  reaction  for  phase  B  is  plotted  below 
the  zero  line  with  the  terminal  coil  in  slot  5  as  shown  (see 
Fig.  3)  or  above  the  zero  line,  the  terminal  coil  being  in  slot 
13.  This  difference  in  relative  location  of  the  B  terminal  re- 
sults merely  in  a  difference  of  phase  rotation. 


nitude  and  space  position  of  the  two  single-phase  fields. 
Fig.  II  is  such  a  picture.  Fig.  11  (a)  shows  the  same 
conditions  as  Figs,  i  and  4.  The  current  is  a  maximum 
in  phase  A  and  is  passing  through  zero  in  phase  B.  The 
armature  flux    AF  is  due  solely  to  phase  A.     Fig.  11 

(b)  shows  the  conditions  after  the  rotor  has  turned  45 
degrees.  The  current  in  phase  A  has  decreased  to  0.7 
of  its  maximum  value  and  the  current  in  phase  B  has 
increased  to  0.7  of  its  maximum  value.  Thus  the 
armature  field  AF  is  the  resultant  of  two  equal  com- 
ponent fields.  The  resultant  armature  field  has  thus 
been  shifted  45  degrees,  so  that  it  still  bears  the  90  de- 
gree relation  to  the  no-load  exciting  field  MF,  and  it  has 
the  same  maximum  value  as  in  Fig.  11   (a).     Fig.  11 

(c)  shows  conditions  after  another  45  degree  turn  of 
the  rotating  field.  At  this  instant,  the  current  in  phase 
B  has  reached  its  maximum  and  the  current  in  phase  A 
has  dropped  to  zero.  The  armature  field  is  due  to  cur- 
rent in  phase  B  alone.  Fig.  11  (d)  is  identical  with  Fig. 
II  (b),  except  that  the  current  in  phase  A  is  now  re- 
versed (since  the  conductors  previously  under  the  in- 
fluence of  the  A''  pole  are  now  under  the  influence  of  the 
S  pole)   so  that  the  flux  is  in  the  reversed  direction. 
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Throughout  this  half  cycle,  the  maximum  value  of  the 
armature  field  remains  constant,  and  its  space  position 
changes  synchronously  with  the  rotating  field. 

A  similar  analysis  for  a  three  phase  winding  is 
illustrated  in  Fig.  12  and  leads  to  the  same  result.  The 
reaction  of  any  symmetrical  polyphase  winding  is  con- 


FIG.    13 — RELATIVE    POSITIONS    OF    MAIN   AND   ARMATURE   FIELDS 

With  armature  currents  lagging  90  degrees. 

stant  in  value  and  rotates  in  the  same  direction  and  with 
the  same  speed  as  the  alternator  field.  In  using  vectors 
to  represent  the  two  component  armature  fields,  the  as- 
sumption is  made  that  the  flux  curves  have  a  sine  shape. 
If  in  Figs.  4  to  10  the  armature  flux  forms  had  been 
sine  curves,  the  resultant  flux  in  these  figures  would  al- 
so have  had  tlie  sine  form,  and  the  maximum  values,  as 
well  as  the  areas,  would  have  been  equal,  and  thus 
would  have  agreed  with  the  results  shown  in  Fig.  11. 
With  the  winding  spacing  necessarily  used  in  gener- 
ators, the  armature  flux  never  has  a  sine  shape  so  that 
vectors  do  not  lead  to  results  correct  in  all  respects. 

The  effect  of  power-factor  on  armature  reaction 
can  be  shown  by  a  series  of  flux  diagrams  similar  to 
Figs.  4-10,  but  based  on  the  assumption  of  currents  lag- 
ging 90  degrees  behind  the  no-load  voltage.  It  has  been 
shown  that  the  armature  reaction  with  current  in  phase 
with  the  voltage  amounts  to  a  rotating  field  of  constant 
value,  having  a  space  position  at  right  angles  to  the 
main  exciting  flux.  The  effect  of  lagging  current  is  to 
retard  the  position  of  this  rotating  flux  with  respect  to 
the  position  of  the  generator  rotor.     For  example,  in 

Figs.  I  and  2,  when 
the  rotor  is  in  the 
position  shown,  the 
voltage  is  a  maxi- 
mum, but  under  the 
p  r  e  s  ent  assump- 
tion, the  current 
is  passing  through 
zero.  The  current 
and  its  field,  as  il- 
lustrated in  Fig.  2, 
will  not  reach  its 
m  a  X  i  mum  value 
the  rotor  will  have 


FIG.    14 — DIAGRAM    OF   PHASE   RELATIONS 

With  90  degrees  current  lag. 


until  a  quarter  cycle  later,  when 
turned  90  degrees,  as  shown  in  Fig.  13.  The  result  of 
this  90  degree  lag  in  current  and  flux  is  to  bring  the 
main  field  and  armature  field  directly  in  line  and  in  op- 
posite directions.  Thus  the  rotating  armature  field  di- 
rectly opposes  the  main  exciting  field,  and  causes  a  large 


drop  in  generated  voltage,  or  requires  a  large  increase 
ill  field  current  to  maintain  the  voltage. 

To  investigate  the  conditions  at  zero  lagging  power- 
factor  more  fully,  assume  that  the  voltage  and  current 
conditions  are  as  shown  in  Fig.  14.  The  terminal  coil 
of  phase  B  is  ahead  of  the  corresponding  coil  of  phase 
A,  so  that  the  voltage  and  current  in  phase  B  lag  behind 
those  of  phase  A.  Figs.  15  and  16  show  the  armature 
flux,  main  field  flux  and  resultant  flux  for  positions  of 
the  rotor  45  degrees  apart.  In  Fig.  15  the  armature 
reaction  is  due  to  current  in  phase  B  only,  and  is  in  such 
i.  direction  as  to  oppose  the  main  flux.  Similarly,  in 
Fig.  16  the  resultant  armature  flux  directly  opposes  the 
main  flux.  In  the  figures  the  resultant  flux  is  very 
small,  since  the  armature  flux  has  been  subtracted  from 
the  no-load  value  of  the  main  flux.  The  conditions 
shown  approximate  those  when  a  generator  is  operating 
with  the  armature  short-circuited  and  with  just  suffi- 
cient field  current  to  circulate  full-load  current  in  the 

armature.  It  will  be 
observed  that  under 
these  conditions,  the 
resultant  flux  changes 
its  shape  materially 
and  reverses  several 
times  during  a  cycle. 
This  explains  why  in 
some  generators  the 
loss  measured  o  n 
short-circuit  may  be 
greater  than  the  true 
load  loss  at  normal 
voltage.  When  oper- 
ating under  normal 
lagging  current  and 
,  normal    voltage,    the 

FIGS.    15    AND    16— RESULTANT      FLUX  * 

WITH  90  DEGREES  CURRENT  LAG        Same    armature    flux 
^     Fig.  15-Zero  current  in  phase    ^^    shown  is   opposed 

Fig.  16—   Equal     currents     in    by  a  main  field  of  two 
phases  A  and  B.  ^^    ^j^ree    times    the 

strength  of  the  no-load  field. 

A  similar  analysis  would  show  that  with  current 
leading  the  no-load  voltage  by  90  degrees,  the  armature 
field  directly  assists  the  main  exciting  field.  At  inter- 
mediate power-factors,  the  space  position  of  the  resul- 
tant armature  flux  will  vary  between  the  90  degree  re- 
lation existing  at  100  percent  power-factor  and  the  in- 
phase  relation  existing  at  zero  power-factor.  The 
armature  reaction  itself  is  not  modified  by  a  change  in 
power-factor  (except  for  the  change  in  magnetic  re- 
luctance in  a  given  path  in  a  salient  pole  generator)  ;  the 
change  in  resultant  exciting  flux  is  due  to  the  change  in 
space  relation  of  armature  reaction  and  the  exciting 
flux.  The  polyphase  armature  reaction  is  roughly 
equivalent  to  the  flux  of  a  single  coil  or  winding  for 
each  pole  of  the  alternator,  excited  by  direct  current, 
and  which  rotates  synchronously  with  the  rotating  field. 
The  space  position  of  this  hypothetical  coil  varies  from 
the  center  line  of  one  alternator  pole  to  the  center  line 
of  the  adjacent  pole,  depending  on  the  power-factor. 
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Ore  and  Coal  Jiri.Jj^es 

H.  D.  James 


ORE  bridges  are  used  for  the  handling  of  ore  and 
coal,  principally  on  the  Great  Lakes.  During  the 
navigation  period,  ore  is  shipped  from  the  Lake 
Superior  region  to  the  lake  ports  in  the  East,  and  coal 
is  shipped  back.  The  ore  boat  is  a  long  vessel  made  up 
almost  entirely  of  cargo  space.  The  propelling  ma- 
chinery is  usually  at  the  rear,  which  leaves  the  body  of 


An  ore  or  coal  bridge.  Fig.  i,  consists  of  a  struc- 
tural steel  span  supported  on  two  piers.  These  sup- 
ports are  mounted  on  tracks  and  moved  by  electric  mo- 
tors. On  the  bridge  is  a  runway  supporting  a  trolley, 
which  is  moved  forward  and  back  on  the  bridge  by 
electric  motors  and  carries  the  hoisting  mechanism  for 
raising  or  lowering  the  clam-shell  bucket.     Usually  the 


FIG.    I — ORE  BRIDGE 

Operated  by  direct-current  motors  and  controllers.     A  pile  of  iron  ore  is  shown  under  the  bridge  and  blast  furnaces  at 
the  right  and  in  the  back  ground.* 


the  boat  free  for  cargo.  The  ore  is  loaded  into  the 
boats  at  the  Lake  Superior  ports  from  bins  by  means  of 
chutes.  When  the  boat  reaches  its  eastern  destination 
in  the  neighborhood  of  Cleveland  or  Buffalo,  the  ore  is 
taken  out  of  the  boat  and,  either  loaded  in  cars  for 
transportation  to  the  blast  furnaces,  or  placed  in  stock 
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FIG.2 — CONNECTIONS   OF   DIRECT-CURRENT   MOTORS   AND   CONTROLLERS 
FOR   HOIST  INSTALLATIONS 

piles.  The  coal  is  then  loaded  into  the  boat  from  cars 
by  means  of  a  car  dumper  and  is  taken  out  of  the  boat 
at  the  Lake  Superior  ports  by  means  of  an  unloading 
bridge. 


operator  rides  in  this  trolley  familiarly  known  as  a 
"man  trolley."  The  bridge  is  moved  along  the  tracks 
until  the  clam-shell  bucket  is  in  position  above  the 
hatchway.  The  bucket  is  lowered  into  the  boat  and 
lifts  the  ore  or  coal  up  through  the  hatchway,  carrying 
it  back  to  bins  or  a  stock  pile.  The  bins  are  used  for 
loading  cars  in  the  usual  manner.  During  tlie  summer, 
a  sui-plus  of  ore  is  accumulated  at  the  Great  Lake  sta- 
tions in  large  piles  known  as  "stock  piles".     At  the  time 
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*Bridge  built  by  Hoover  &  Mason. 


FIG.    3 CONNECTIONS    FOR    ALTERNATING-CURRENT    HOISTING 

Used  in  installation  shown  in  Fig.  7. 

of  unloading,  the  ore  is  graded,  so  that  the  burden  in 
the  clam-shell  bucket  may  be  dropped  close  to  the  dock 
or  a  considerable  distance  back,  depending  upon  the  lo- 
cation of  that  particular  grade  of  ore. 

Special  machines  are  frequently  used  for  the  pur- 
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pose  of  unloading  the  ore  from  the  boat.  \\  here  such 
machines  are  emplo3--ed,  the  ore  bridge  is  used  for  trans- 
ferring the  ore  from  the  unloader  proper  to  the  stock 
pile  or  bins.     Where  the  ore  bridge  is  used  for  unload- 
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FIG.   4 — CONNECTIONS    OK    MOTORS    AND    CONTROLLERS    FOR    TROLLEY 
APPLICATIONS 

ing  the  boat,  provision  is  sometimes  made  for  twisting 
the  bucket  through  90  degrees  to  facilitate  picking  up 
the  ore  in  the  hold  of  the  boat. 

The  application  of  motors  and  control  to  an  ore  or 
coal  bridge  divides  itself  into  three  distinct  classes;  viz., 
hoist,  trolley  and  bridge. 

HOIST 

The  hoist  is  equipped  w^ith  two  drums,  one  drum 
handling  the  shell  line  and  the  other  the  closing  line. 
The  shell  line  is  attached  directly  to  the  stirrup  of  the 
bucket,  while  the  closing  line  is  attached  by  levers  in 
such  a  manner  that  pulling  on  the  closing  line  causes  the 
jaws  of  the  clam-shell  to  come  together  and  retain  the 
load.  In  picking  up  a  load,  the  bucket  spades  are  in  a 
vertical  position,  with  the  closing  line  slack.  The 
bucket  is  then  lowered  into  the  ore  or  coal  and  the  clos- 
ing line  pulled  up.  The  tension  on  the  closing  line 
moves  the  two  shells  together,  after  which  the  hoisting 
may  be  done  on  both  the  closing  and  the  shell  lines.  To 
discharge  the  burden,  the  load  is  held  by  the  shell  line 
and  the  closing  line  is  slackened. 

When  only  one  hoisting  motor  is  used,  the  two 
drums  are  controlled  by  clutches.  Where  two  motors 
are  used,  one  is  connected  to  each  drum,  each  motor 
having   a   separate    controller   and   usually   a    separate 


master  switch.  By  using  two  motors  and  adjusting  the 
resistance,  the  proper  tension  can  be  kept  on  the  closing 
and  shell  lines  so  that  the  bucket  will  not  open  until  the 
operator  changes  the  adjustment. 

Direct-Current  Motors  are  series  wound  and  oper- 
ated as  standard  series  motors  in  the  hoisting  direction. 
In  lowering,  a  kick-off  notch  is  provided'which  connects 
the  armature  and  field  in  parallel  across  the  line.  This 
causes  the  motor  to  operate  as  a  shunt  motor.  After 
the  bucket  has  started  down,  there  is  always  sufficient 
weight  to  overhaul  the  hoisting  mechanism  so  that  the 
armature  generates  through  the  series  field  and  provides 
dynamic  braking.  After  this  braking  circuit  has  been 
once  established,  the  speed  of  lowering  can  be  controlled 
by  changing  the  resistance  in  the  dynamic  brake  cir- 
cuit. The  motor  may  or  may  not  be  disconnected  from 
the  line,  depending  upon  which  condition  gives  the  most 
economical  operation. 

The  schematic  arrangement  of  such  a  control  for  a 
single  motor  is  shown  in  Fig.  2.  If  two  motors  are 
used,  two  controllers  are  supplied,  one  for  each  motor. 
The  switch  marked  s^  in  Fig.  2  (a)  is  closed  only  in 
the  central  or  off  position.  This  dynamic  brake  circuit 
does  not  include  the  magnet  brake*  coil ;  therefore,  the 
friction  shoes  set  and  the  motor  is  brought  to  rest. 

The  connections  for  hoisting  are  given  in  Fig.  2 
(b).  This  is  a  straight  rheostatic  controller,  the  speed 
of  hoisting  being  controlled  by  a  cutting  out  of  resist- 
ance in  series  with  the  armature  and  field. 

The  connections  for  lowering  are  given  in  Fig.  2 
(c).  On  the  first  notch,  the  current  comes  in  through 
switch  2  to  a  point  between  the  armature  and  field.     It 


FIG.    5 — ALTERNATING-CURRENT    CONTROL    PANEL 

Designed  for  two  motors  and  used  in  trolley  applications. 
Douhle-pole  switches  are  used  throughout  to  insure  that  the 
direction  and  acceleration  of  the  motors  is  maintained  uniform. 

passes  through  the  field  and  brake  magnet  to  the  start- 
ing resistance  and  thence  through  switch  5  to  the  line. 
Another  branch  of  current  passes  through  the  armature 
in  the  reverse  direction  and  through  a  resistance  to  con- 


*By  "magnet  brake"  is  meant  a  friction  brake  wh'ch  is  set 


^cy     magnet  uraKe     is,  .... -   

by  a  lieavy  spring  and  released  by  a  magnet. 
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tact  i-A  and  thence  to  contact  j  and  the  line.  This 
keeps  the  current  flowing  through  the  field  in  the  same 
direction  while  it  reverses  tlie  current  through  the  arm- 
ature, causing  the  motor  to  rotate  in  the  opposite  direc- 
tion. After  the  motor  starts,  the  load  drives  the  motor 
as  a  generator,  the  circuit  being  through  the  field  and 
resistance  /  to  resistance  .?  and  thence  through  the 
armature,  completing  the  circuit.  When  this  condition 
is  established,  switch  2  may  be  opened.  The  motor  then 
runs  as  a  generator  at  its  maximum  speed.  By  succes- 
sively closing  switches  4  to  8  inclusive,  the  resistance 
of  this  circuit  is  decreased  and  the  speed  of  lowering 
decreased.  In  order  to  stop,  the  controller  is  moved 
to  the  central  position,  closing  switch  3- A,  in  Fig.  2  (a), 
which  sets  the  magnet  brake  "and  brings  the  hoist  to  rest. 
Other  methods  of  connecting  the  motor  armature 
and  field  for  lowering  have  been  proposed,  but  they  all 
follow  the  same  essential  arrangement,  as  shown  in  Fig. 
2;  namely,  the  motor  is  operated  as  a  shunt  generator 
for  the  kick-off  or  starting  point  and  as  a  series  gener- 


sistance  is  inserted  in  the  secondary.  With  the  motor 
at  full  speed,  the  direct-current  power  provides  a  sta- 
tionary field,  which  produces  the  same  effect  as  when 


FIG.    7 — ORE     BRIDGE     UNLOADING     COAL     FROM 
BOATS 

Showing  pier  leg  of  bridge,  bucket  and 
man  trolley.  This  bridge  was  the  first  one 
which  used  alternating-current  motors  for 
coal  handling  and  is  equipped  for  dynamic 
braking.  The  bucket  has  a  five  ton  capacity 
and  this  installation  has  been  in  successful 
operation  for  over  eight  years.* 

the  motor  is  at  rest  and  the  alternat- 
ing-current rotating  field  is  provided. 
As  the  resistance  is  cut  out  of  the  sec- 
ondary of  the  motor,  it  is  gradually 
slowed  down  until  it  operates  at  a 
very  slow  speed   with   the   secondary 


FIG.   6 — ORE    BRIDGE 

Equipped  with  direct-current  motors  and  controllers,  and 
having  a  10  ton  bucket.  Two  motors  are  used  on  the  hoist  and 
one  on  the  trolley.  A  large  pile  of  iron  ore  is  shown  in  the 
foreground  and  the  blast  furnaces  in  the  background.* 

ator  for  lowering.  Sometimes  a  reverse  current  relay 
is  placed  in  the  armature  circuit  to  disconnect  the  mo- 
tor from  the  line  automatically  as  soon  as  regeneration 
begins.  If  a  heavy  load  is  lowered  frequently,  it  may 
be  more  economical  to  keep  the  motor  connected  to  the 
line,  so  that  power  will  be  returned  to  the  system. 
Usually,  however,  the  bucket  is  lowered  empty  and 
hoisted  with  a  load.  It  is  then  trolleyed  over  to  the 
proper  point  and  the  load  dropped  without  lowering  the 
bucket,  as  this  saves  time. 

Alternating-Current  Motors  —  Wound-secondary 
induction  motors  with  external  resistance  have  bee*^  in 
sucessful  use  for  over  eight  years  on  bridges  of  this 
type.  The  control  is  shown  diagramatically  in  Fig.  3. 
For  operation  under  power,  the  control  does  not  differ 
in  any  way  from  the  standard  reversing  controller.  The 
motor  is  connected  to  the  line  with  all  of  the  resistance 
in  the  secondary  and  this  resistance  is  gradually  short- 
circuited  to  bring  the  motor  up  to  full  speed.  Dynamic 
braking  is  obtained  by  connecting  the  primaries  of  the 
motors  in  series  to  direct-current  power,  which  is 
usually  furnished  by  a  motor-generator  set.     The  re- 


*Bridge  built  by  Heyl  and  Patterson. 


FIG.   8 — ORE  BRIDGE 

Showing  the  13000  volt,  high-tension  transmission  lines 
which  are  connected  through  sliding  contacts  directly  to  trans- 
formers mounted  on  the  bridge,  thus  effecting  a  material  sav- 
ing in  copper  and  insuring  good  voltage  regulation  at  the  mo- 
tor. This  is  very  important  with  alternating-current,  as  the 
torque  of  induction  motors  varies  as  the  square  of  the  voltage  * 

short-circuited.     The  controller  illustrated  in  Fig.  3  can 
be  arranged  for  the  same  number  of  power  and  brake 
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notches  on  either  side  of  the  off  position  when  used  for 
trolley  applications.  It  is  simplified  for  hoisting  by 
omitting  the  brake  connections  for  the  upward  travel  of 
the  bucket  and  reducing  the  number  of  power  notches 
for  the  downward  travel.  These  are  details  of  the 
master  switch  connections.  Sometimes  a  magneto,  or 
small  direct-current  generator,  is  driven  by  the  motor 


notches  for  either  forward  or  reverse  connections.  To 
start,  the  handle  is  moved  through  the  brake  notches 
and  the  power  notches ;  in  stopping,  a  gradual  move- 
ment of  the  handle  towards  the  central  position  applies 
the  dynamic  brake  with  increasing  strength  until  the 
central  position  is  reached,  where  the  mechanical  brakes 
are  applied  and  the  trolley  is  stopped. 


FIG.   9 — COAL    HANDLINO    BRIDGES    AT   THE   PANAMA    CANAL 

Equipped  with  direct-current  motors  and  control,  and  having  a   capacity   of  2.5  cubic  yards.       These  bridgest   were   in- 
stalled about  nine  years  ago  and  originally  used  for  handling  concrete. 


shaft  to  operate  a  relay  for  disconnecting  direct-current 
power  from  the  motor  fields  and  applying  the  brake 
when  the  speed  has  been  reduced  to  a  predetermined 
value.  This  magneto  ma)'  also  be  used  for  setting  the 
brake  in  case  of  overspeed. 

TROLLEY 

The  trolley  runs  on  a  horizontal  track  lengthwise 
with  the  bridge  and  carries  the  hoisting  mechanism,  and 
usually  the  operator.  Two  motors  are  generally  used 
for  operating  the  trolley,  although  a  single  motor  may 
work  out  best  with  some  mechanical  arrangements.  The 
usual  method  of  control  for  a  trolley  provides  for  dyna- 


The  complete  schematic  diagram  is  shown  in  Fig. 
4  (a)  using  two  motors,  the  armatures  of  which  are 
connected  permanently  in  parallel  and  the  fields  in 
series.  In  the  power  position,  shown  in  the  second  dia- 
gram, the  motor  is  connected  directly  across  the  line 
and  a  shunt  is  provided  around  the  series  fields  through 
switch  p  and  resistance  2.  This  shunt  is  necessary,  as  the 
field  coils  are  designed  to  carry  the  full-load  current  of 
one  motor  only  and  the  current  of  both  armatures 
passes  through  the  fields  in  series.  Half  of  this  current 
must  be  shunted  in  order  to  give  normal  field  strength 
and  to  prevent  overheating.  The  speed  of  the  motor  is 
controlled  by  closing  switches  10  to  /j  inclusive,  which 


FIG.IO — 15    TON    ORE   REHANDLING    BRIDGE 

Equipped  with  direct-current  motors  and  control.t 


mic  braking,  as  well  as  power  connections.  The  cen- 
tral position  of  the  handle  represents  the  off  or  station- 
ary position  of  the  trolley.  The  movement  either  side 
of  the  off  position  provides  the  dynamic  brake  connec- 
tions. After  the  master  switch  handle  has  passed 
through   these   brake  notches,   it   comes   to   the   power 

t  Bridge  built  by  the  Wellman,  Seaver,  Morgan  Company. 


short-circuit  the  resistance  in  series  with  the  armature. 
Fig.  4(d)  shows  the  same  connection  with  the  current 
passing  through  the  armatures  in  the  reverse  direction. 

The  brake  connections  are  shown  in  Figs.  4  (c) 
and  (e),  the  only  difference  being  the  direction  of  cur- 
rent through  the  armatures.  The  shunt  around  the 
field  coils  is  disconnected  and  current  is  applied  through 
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switch  8,  resistance  j,  the  field  coils  and  switch  2  to  the 
line.  The  armatures  are  connected  in  the  closed  loop 
through  the  starting  resistance  and  switches  5,  4,  and  6. 
This  causes  the  motor  to  operate  as  a  shunt  generator, 
the  amount  of  dynamic  braking  being  controlled  by 
closing  switches  10  to  75  inclusive,  which  decreases  the 
resistance  in  the  annature  circuit.  When  the  nieclian- 
ical  brakes  are  released  by  an  electromagnet,  the  magnet 
is  provided  with  a  shunt  winding,  which  is  disconnected 
in  the  off  position.  Where  a  single  motor  is  used,  no 
shunt  connection  is  required  around  the  series  field,  as 
provided  for  in  switch  p  and  resistance  2;  otherwise, 
the  connections  are  the  same.  Sometimes  two  motors 
are  provided,  each  with  a  separate  controller.  When 
this  is  done,  it  is  desirable  to  use  double  pole  switches 
and  common  accelerating  relays.  Fig.  5,  so  that  the  rate 
of  acceleration  of  both  motors  is  maintained  constant 
and  there  is  no  danger  of  connecting  the  motors  to  the 
line  in  reverse  directions. 


BRIDGE 

One  or  two  motors  are  provided  on  each  pier  of 
the  bridge  for  moving  it  along  the  track.  These  motors 
are  provided  with  an  ordinary  reversing  controller  hav- 
ing a  slow-down  point  by  using  a  resistance  in  shunt 
with  the  armature.  The  friction  brake  is  released  by  a 
shunt  magnet,  which  is  disconnected,  thereby  setting  the 
brake,  only  in  the  off  or  central  position  of  the  master 
switch.  Usually,  two  separate  master  switches  are 
used,  as  the  two  piers  of  the  bridge  may  not  always 
move  at  a  uniform  rate,  due  to  slippage  and  other 
causes.  If  one  pier  moves  faster  than  the  other,  the 
proper  manipulation  of  one  or  the  other  controller  will 
straighten  the  bridge.  Usually,  limit  switches  are  pro- 
vided for  automatically  disconnecting  the  leading  motor 
in  case  the  skewing  of  the  bridge  exceeds  the  safe  limit. 
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IN  AN  automatic  substation,  the  converting  appara- 
tus must  be  started,  synchronized  and  connected 
to  the  bus-bars  with  the  correct  polarity,  whenever 
it  is  needed  to  carry  the  load ;  and  it  must  be  shut  down 
whenever  the  load  drops  below  a  certain  value.  Its  oper- 
ation under  every  contingency,  must  be  foreseen  and 
provided  for.  Maintenance  of  good  service  under  all 
conditions  is  the  prime  requisite;  but  this  very  require- 
ment necessitates  protection  of  the  apparatus  from  dam- 
age. It  must  be  guarded  against  overloads,  overheating, 
flashing  and  other  operating  difficulties,  and  still,  unless 
actually  injured,  must  be  ready  to  start  again  auto- 
matically as  .soon  as  the  abnormal  conditions  have 
passed.  An  automatic  substation  equipment  must  pro- 
vide protection  against  every  conceivable  form  of 
trouble  and  must  discriminate  between  those  cases  of 
trouble  which  are  transient  and  will  not  prevent  restart- 
ing, and  those  which  are  of  such  a  character  as  to  re- 
quire attention  before  resumption  of  service. 

STARTING 

The  most  common  method  of  starting  includes  a 
contact-making  voltmeter  connected  to  the  trolley  which 
closes  the  starting  connections,  when  the  trolley  volt- 
age is  lowered  by  the  approach  of  a  car  or  train.  It  is 
necessary  with  this  scheme  to  keep  the  trolley  energized 
from  one  station  continuously  in  order  to  hold  the  volt- 
meter contacts  in  the  other  stations  open.  An  objection 
to  this  method  is  that  after  a  line  interruption, 
where  several  automatic  equipments  are  used,  all  of  the 
equipments  will  start  at  the  same  time.  This  may  re- 
sult in  a  surge.  The  same  thing  will  result  on  a  system 
when  the  first  car  out  in  the  morning  gets  beyond  the 


first  station.  The  voltage  drop  in  this  case  will  be  the 
same  to  the  extreme  end  of  the  line,  if  no  other  manu- 
ally operated  station  is  connected  to  the  trolley.  A 
manually  operated  station  at  each  end  of  the  line,  en- 
tirely obviates  any  such  difficulties. 

There  are  some  operating  conditions  that  are  best 
met  by  a  semi-automatic  system  in  which  the  starting 
and  stopping  of  the  station  is  governed  from  a  remote 
point  through  a  control  circuit  of  one  or  more  wires. 
This  remote  control  may  also  be  operated  by  a  phantom 
circuit  on  the  transmission  line,  provided  no  grounded 
neutral  connections  are  made. 

Several  stations  may  be  operated  over  one  control 
circuit,  which  may  be  either  metallic  or  phantom,  by  the 
use  of  synchronized  selector  switches  similar  to  those 
used  in  automatic  telephone  exchange  systems.  This 
method,  however,  is  liable  to  be  too  complicated  for  or- 
dinary operating  conditions. 

For  small  lines  with  a  single  station,  the  trolley  is 
kept  energized  from  a  separate  source  of  power  of 
limited  capacity,  being  only  sufficient  to  handle  the  sta- 
tion lighting  and  other  small  demands.  The  substation 
is  started  when  a  car  is  started.  There  are  numerous 
small  systems  where  an  arrangement  of  this  sort  would 
allow  of  a  relatively  large  saving  in  labor,  and  power 
cost. 

Another  method  of  starting  is  by  means  of  a  track 
circuit  supplied  by  alow-potential  transformer  in  a  man- 
ner similar  to  the  alternating-current  system  of  block 
signaling.  With  this  system,  the  automatic  station 
I  would  be  started  only  when  a  car  entered  the  section  to 
be  supplied  from  it.  The  sections  would  be  divided  by 
the  usual  impedance  bonds,  to  prevent  operation  of  a 
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station  in  one  section  by  a  car  in  the  next.  This 
method  has  the  objection  that  if  one  station  is  out  of 
order,  the  next  station  will  not  be  started  to  help  it  out, 
as  would  be  the  case  with  the  drop  in  potential  method. 
Still  other  possibilities  exist  in  the  superimposing  of  re- 
latively high  frequency  potentials  on  the  trolley  through 
condensers.  This  is  not  a  practical  development  at  the 
present  time  and  will  require  considerable  experimental 
and  development  work  before  satisfactory  operation  is 
assured. 

POLARITY 

A  synchronous  converter  has  certain  inherent  re- 
quirements that  must  be  met  by  the  starting  device. 
Principal  among  these  is  insuring  proper  polarity  before 
connecting  it  to  the  line.  The  simplest  way  by  which 
this  may  be  accomplished,  is  that  which  most  nearly 
approximates  the  method  commonly  used  in  manually- 
operated  stations.  This  is  reversal  of  polarity,  when 
necessary,  by  means  of  a  field  reversing  switch,  the  op- 
eration of  which  causes  the  converter  to  slip  a  pole  and 
pull  into  step  with  the  required  polarity. 

SYNCHRONISM 

Another  point  that  must  be  provided  for  is  a  means 
for  transferring  the  alternating-current  leads  from  the 
starting  to  the  running  taps  when  synchronous  speed 
has  been  attained.  It  is  necessary  that  proper  polarity 
shall  have  been  attained  before  this  transfer  is  made 
and  it  is  even  more  important  that  the  transfer  should 
not  be  made  until  the  converter  is  in  step  with  the 
source  of  supply.  Several  methods  of  accomplishing 
this  result  are  possible.  A  fixed  mechanical  time  ele- 
ment can  be  used,  so  set  that  the  converter  has  ample 
time  to  reach  synchronous  speed  under  all  conditions. 
However,  if  sufficient  time  is  allowed  to  meet  all  condi- 
tions, then  the  time  required  in  starting  would  be  ob- 
jectionably long.  If  the  setting  is  shortened  to  the  aver- 
age time  required  then,  due  to  cold  oil,  low  voltage  or 
some  such  cause,  the  converter  might  be  thrown  on  the 
line  out  of  step.  This  is  liable  to  cause  the  converter  to 
flash  over.  It  may  also  result  in  disturbances  in  the 
high-tension  line,  of  such  magnitude  that  other  syn- 
chronous apparatus  would  be  thrown  out  of  step. 

Another  method  of  indicating  synchronism  is  to 
use  a  centrifugal  switch  driven  from  the  converter 
shaft.  This  method  is  faulty  in  that  it  is  impossible  to 
calibrate  such  a  device  within  allowable  limits.  A  com- 
bination of  fixed  time  relay  with  the  centrifugal  switch 
will  obviate  the  major  objections  to  the  above  schemes 
but  still  is  not  a  positive  indication  of  the  synchronous 
condition  of  the  converter.  This  latter  method  how- 
ever is  being  used  in  a  number  of  automatic  substations 
with  apparently  good  results. 

The  most  desirable  method  apparently  is  to  use  the 
same  indication  that  is  used  in  manual  operation.  This 
is  the  reading  of  a  polarized  voltmeter.  The  converter 
manifestly  cannot  deliver  unidirectional  current  from 
the  commutator  until  it  is  running  in  synchronism  with 
the  supply.  This  is  consequently  a  positive  indication  of 
the   synchronous   condition   of   the   converter   and   the 


switching  operation  may  be  completed  as  soon  as  this 
condition  is  reached  and  polarity  is  correct.  With  this 
method  the  station  may  be  put  into  service  in  the  short- 
est possible  time.  This  is  of  especial  value  when  the 
holding  relay  is  set  for  a  time  which  will  permit  only  a 
normal  service  stop  of  a  car  without  causing  the  station 
to  shut  down.  If  a  car  slightly  oversteps  this  time  and 
starts  up  immediately  after  the  control  has  opened,  this 
m.ethod  of  starting  will  allow  the  converter  to  be  con- 
nected to  the  line  more  promptly,  as  with  the  armature 
coasting  at  a  fair  rate  of  speed,  synchronism  will  be 
reached  almost  at  once. 

PROTECTIVE   DEVICES 

After  synchronous  operation  has  been  obtained  it 
is  necessary  to  provide  means  for  connecting  the  posi- 
tive lead  to  the  line.  The  negative  brush  may  be  per- 
manently connected  to  the  rail  and  the  equalizer  connec- 
tion may  be  made  as  soon  as  the  running  switch  is 
closed,  but  the  positive  brush  has  to  be  connected  to  the 
trolley  by  a  means  which  will  act  as  a  protection  against 


KIG.    I — 500  KVV  AUTOMATIC  RAILWAY  CONVERTED  SUBSTATION 

Of  the  Ohio  Electric  Railway  Company,  at  Columbus 
Grove,  Ohio.  Showing  a  rear  view  of  the  switchboard  and  the 
current-limiting  resistors. 

short-circuits  and  overloads,  while  at  the  same  time 
guaranteeing  the  greatest  possible  continuity  of  service. 
The  method  which  has  proven  best  in  practice  is  to  in- 
sert a  limiting  resistance  in  the  trolley  circuit,  when  the 
load  exceeds  the  safe  loading  point  of  the  equipment. 
This  resistance  is  of  such  value  as  to  allow  the  maxi- 
mum load  condition,  occasioned  by  a  short-circuit  im- 
mediately outside  the  station,  not  to  exceed  the  two  hour 
rating  of  the  converter.  The  resistance  is  designed  to 
carry  this  current  for  five  or  ten  minutes,  before  reach- 
ing red  heat,  at  which  point  it  operates  a  thermostatic 
relay,  thus  opening  the  control  and  cutting  the  station 
off  the  line  until  the  resistance  has  cooled  down.  If  the 
demand  still  exists,  the  equipment  will  then  start  again. 
This  resistance  is  also  inserted  when  connecting  the 
converter  to  the  trolley  after  starting.  This  reduces  the 
large  rush  of  current  occasioned  b)'  abruptly  connecting 
the  converter  at  full  voltage  to  a  line  at  possibly  less 
than  half  voltage. 

The  protective  devices  on  the  direct-current  end 
should  allow  the  full  use  of  the  intermittent  rating  of 
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the  converter  and  yet  protect  it  fully  against  continued 
overload.  To  take  advantage  of  the  jieak  load  capacity 
it  is  necessary  that  the  instantaneous  overload  relays  in 
the  trolley  feeder  circuits  allow  the  passage  of  the  maxi- 
mum load  that  the  converter  is  capable  of  supplying 
without  commutator  trouble.  This  will  ordinarily  be 
from  150  to  200  percent  although  in  some  cases  it  may 
be  possible  to  have  an  even  higher  setting. 

To  protect  against  continued  overload,  it  is  neces- 
saiy  to  have  a  relay  responsive  to  the  heating  effect  of 
the  load.  This  can  be  obtained  by  a  thermal  relay  op- 
erated from  a  heat  coil  in  the  main  converter  circuit, 
combined  with  an  overload  relay  in  series,  so  that  if 
the  load  causing  the  overheating  has  ceased  before  the 
thermal  relay  contacts  are  closed,  the  device  will  remain 
inoperative.     The  operation  of  this  device  may  be  used 
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FIG.   2 — SIMPLIFIED    SCHEMATIC   DIAGRAM    OF   CONNECTIONS 

All  switches  are  shown  for  de-energized  condition  of  switch  operating  coils  i — 
contact-making  voltmeter.  2 — Low  voltage  relay.  3 — Alternating-current  shunt  re- 
lay. 4 — .Alternating-current  shunt  relay.  5 — Shunt  field  switch.  6 — Starting  switch. 
7 — Polarized  motor  relay.  8 — Alternating -current  shunt  relay.  9 — Field  reversing 
relay.  10 — Shunt  field  reversing  switch.  11 — Running  switch.  12 — Line  switch. 
13 — Holding  relay.  14,  15  and  ifr— Line  resistance  switches.  17 — .''ammeter  shunt 
18 — Reset  relay.  26— Alternating-current  shunt  relay.  27 — Torque-motor  operated 
time  delay  relay.  30 — Resetting  lockout  relay.  31 — Overvoltage  safety  relay.  32 — 
Field  reversal-limiting   relay. 


to  insert  the  limiting  resistance,  thus  removing  the  over- 
load on  the  machine.  If  the  overload  continues  after 
the  insertion  of  the  resistance,  the  resistance  will  be- 
come hot  and  cut  the  station  entirely  oflf  the  line  un- 
til the  resistance  grids  have  cooled  down. 

With  the  drop  in  voltage  method  of  starting,  the 
control  is  held  in  operation  by  an  underload  relay  which 
keeps  the  station  running  as  long  as  it  is  supplying  any 
considerable  amount  of  current.  To  prevent  frequent 
stopping  of  the  converter  during  periods  of  light  loads 
caused  by  the  coasting  or  stopping  of  cars,  a  time  device 
should  be  used  that  will  allow  any  stop  of  normal  length 
to  be  made  withotit  causing  a  shut  down.  This  device 
should  be  capable  of  instantaneous  resetting  so  that  even 
though  the  period  of  underload  is  within  a  few  seconds 
of  causing  the  station  to  drop  out,  a  resumption  of  cur- 


rent demand  will  cause  an  immediate  reset  to  the  full 
time. 

Protection  against  all  kinds  of  operating  mishaps  is 
an  essential  function  of  the  automatic  control.  At  the 
time  of  starting  it  is  necessary  that  the  alternating-cur- 
rent supply  be  adequate  to  start  the  converter.  The 
control  should  be  so  designed  that  the  line  potential  will 
be  at  least  80  percent  of  its  normal  value  before  the 
starting  switch  is  closed.  Some  means  must  also  be 
provided  to  insure  that  this  potential  is  polyphase. 

Protection  against  internal  short-circuits  in  the 
apparatus  should  be  provided  but  the  relays  must  be 
set  sufficiently  high  to  permit  the  passage  of  any  current 
allowed  by  the  limiting  resistance.  Means  should  be 
provided  for  attempting  to  start  after  an  operation  of 
the  alternating-current  overload  relays,  as  the  trouble 
may  have  cleared  itself.  After  one 
or  more  such  trials,  the  equipment 
may  be  locked  of?  the  line  until  re- 
set by  the  inspector  or  trouble  man. 
The  usual  reverse  power  pro- 
tection should  be  provided  as  in  a 
manually-operated  station.  The 
same  overspeed  trip  is  used,  but  no 
reset  device  is  needed,  as  any  case 
of  overspeed  sufficient  to  cause 
automatic  cutting  out  will  be  the 
result  of  such  serious  trouble  as  to 
require  the  service  of  an  inspector 
before  again  starting  the  equipment 
automatically. 

The  main  machine  bearings 
should  be  provided  with  temper- 
ature protection  in  such  manner  as 
to  cut  the  machine  off  the  line  if 
the  temperature  rises  above  a  safe 
limit.  This  indication  should  be 
obtained  directly  from  the  lower 
half  of  the  bearing  proper  and  not 
from  the  outside  of  the  housing. 
This  thermostatic  device  should 
also  be  capable  of  being  easily  re- 
set by  the  inspector,  so  that  minor 
cases  of  trouble  that  can  be  rem- 
edied without  dismantling  the  bearing,  may  be  taken 
care  of  without  sacrificing  the  protective  feature. 

A  TYPICAL  INSTALLATION 

A  concrete  case  embodying  most  of  the  desirable 
features  described  above  is  that  of  the  automatic  control 
installed  in  the  Columbus  Grove  substation  of  the  Ohio 
Electric  Railways  Co.  The  old  equipment  in  the  sta- 
tion consisted  of  a  500  kw,  converter  without  commu- 
tating  poles.  This  is  fed  through  transformers  from  a 
33  000  volt,  three-phase  transmission  system.  The 
switchboard  is  of  the  usual  type  having  three  panels, 
one  for  the  alternating-current  starting  switch,  one  for 
the  main  direct-current  switch  and  circuit  breaker,  and 
one  for  two  outgoing  feeders.  The  automatic  equip- 
ment   was    installed    without    disturbing    the    existing 
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board,  all  connections  being  paralleled  with  the  old 
equipment. 

A  simplified  schematic  diagram  of  connections  is 
given  in  Fig.  2,  showing  the  control  connections  with 
only  enough  of  the  main  circuits  to  provide  a  clear  un- 
derstanding of  the  sequence  of  operations.  The  alter- 
nating-current control  circuit  is  fed  from  a  transformer 
connected  to  the  high-tension  line  ahead  of  the  circuit 
breaker. 

The  contacts  of  the  contact  making  voltmeter  i 
which  governs  the  starting  of  the  station,  close  when 
the  trolley  potential  falls  below  the  point  at  which  the 
station  is  to  be  started.  In  practice  this  will  usually  be 
at  from  60  to  80  percent  of  the  nonnal  trolley  potential. 
The  contacts  of  /  complete  a  circuit  through  the  operat- 
ing coil  of  potential  relay  2.  This  is  an  induction-type 
voltage  relay  which  will  not  close  its  contacts  unless 
the  alternating  potential  is  sufficiently  high  to  insure  the 
starting  of  the  converter  and  the  satisfactory  operation 
of  the  various  switches. 

Contacts  of  2  complete  a  circuit  through  timing  re- 
lay 2j  and  in  turn  through  the  operating  coil  of  master 
relay  switch  j.  This  switch  energizes  the  operating  bus 
aux.  A  from  which  all  the  various  switch  operating 
circuits  are  supplied.  When  this  bus  is  energized,  three 
switches  are  closed  at  once : — a — The  closing  coil  of  the 
circuit  breaker;  b — the  field  switch  5,  which  connects 
the  shunt  field  across  the  converter  brushes ;  and  c — the 
relay  switch  4,  which  in  turn  closes  starting  switch  6, 
thereby  applying  starting  potential  to  the  converter  slip 
rings.  Interlock  contacts  operated  by  6  connect  the 
field  and  annature  circuits  of  polarized  motor  relay  7, 
to  the  trolley  and  to  the  converter  brushes  respectively. 
These  circuits  are  not  shown  on  the  diagram. 

The  polarized  motor.  Fig.  3,  consists  of  a  small 
shunt  motor  with  a  permanent  magnetic  field  circuit 
on  which  is  added  a  shunt  coil  energized  from  the 
trolley  during  the  starting  operation.  The  permanent 
magnet  provides  against  the  contingency  of  the  station 
having  to  start  when  the  trolley  is  not  energized.  The 
armature  is  connected  across  the  converter  commutator 
brushes  during  starting.  When  the  converter  is  first 
connected  across  the  starting  taps,  this  applies  an  al- 
ternating potential  across  the  relay  armature  which 
causes  it  to  oscillate  only.  As  the  converter  approaches 
synchronism,  the  frequency  decreases  until  when  it 
locks  into  step,  a  unidirectional  potential  is  applied 
across  the  relay  armature  causing  it  to  revolve  in  a 
clockwise  direction,  if  the  polarity  is  correct.  A  reduc- 
ing gear  is  built  into  the  motor  frame  which  drives  a 
revolving  brush  inside  the  moulded  contact  block  below 
the  relay  base.  This  revolving  brush  and  its  four  con- 
tacts are  shown  as  7  Fig.  2.  Assuming  that  the  polarity 
is  incorrect,  the  brush  will  pass  contact  A,  thereby  clos- 
ing relay  8  which  will  lock  itself  closed  through  its  own 
contacts.  The  brush  will  next  pass  contact  D  thus  clos- 
ing a  circuit  from  the  negative  converter  brush  (which 
is  permanently  grounded)  through  one  of  the  contacts 
of  8,  through  the  coils  of  relays  p  and  32,  and  thence  to 
the  positive  converter  brush.     Relay  p  is  provided  with 


a  holding  contact  which  connects  its  coil  directly  across 
the  converter,  thus  causing  it  to  remain  in  after  the 
brush  has  passed  point  D  of  7. 

The  contacts  of  p  cause  field  switch  5  to  open  and 
field  switch  10  to  close.  Switch  10  connects  the  shunt 
field  across  the  converter  brushes  in  the  reverse  direc- 
tion which  causes  the  converter  potential  to  die  away 
nearly  to  zero.  This  causes  7  to  slow  down  and  stop 
somewhere  near  C;  it  also  allows  the  armature  of  p  to 
be  released  which  in  turn  causes  the  field  switches  5  and 
JO  to  resume  their  original  positions.  This  will  nor- 
mally cause  the  converter  to  slip  a  pole  and  build  up  in. 
the  reverse  direction. 

If  the  converter  fails  to  reverse  its  polarity,  the 
polarized  motor  will  start  again  in  the  same  direction, 
causing  the  field  to  be  reversed  again  and  will  continue 
to  do  so  until  correct  polarity  is  obtained  or  field  re- 
versal limiting  relay  32  operates.  Relay  j.?  guards 
against  the  times  when,  for  some  reason,  the  converter 
refuses  to  be  reversed  by  the  field.  It  is  a  step-by-step 
device,  which  after  a  predetermined  number  of  trials 
will  open  the  starting  switch  and  allow  the  converter 
to  drop  out  of  step.     After  a  few  seconds  it  will  allow 


FIG.   3 — POLARIZED    MOTOR   RELAY 

the  starting  switch  to  close  again  and  possibly  catch  the 
converter  in  such  a  manner  as  to  bring  it  up  in  the  cor- 
rect direction.  This  sequence  of  operations  closely  imi- 
tates the  method  used  in  the  ordinary  hand-operated 
station  for  securing  correct  polarity,  except  that  it  is 
much  more  likely  to  secure  the  desired  result  at  the 
first  trial  because  the  field  reversal  is  obtained  at  ex- 
actly the  proper  time  in  every  case,  which  is  not  true 
when  the  human  element  is  introduced. 

A  contact  on  p  short-circuits  the  coil  of  8  and 
causes  it  to  open  when  the  field  is  first  reversed.  As  the 
converter  builds  up  in  the  right  direction,  relay  7  be- 
gins to  revolve  in  a  clockwise  direction.  As  that  brush 
passes  D,  no  circuit  is  set  up  because  8  is  open.  In 
passing  A,  8  is  again  closed.  When  the  brush  reaches 
B,  the  coil  of  4  is  short-circuited  thus  causing  starting 
switch  6  to  be  opened.  A  circuit  through  an  interlock 
on  6  and  through  the  main  contacts  of  8,  closes  running 
switch  II,  thus  applying  full  running  potential  to  the 
converter  rings. 

It  will  be  seen  that  with  this  system  it  is  not  neces- 
sary to  wait  even  a  short  time  after  reaching  synchron- 
ism before  the  transfer  to  running  potential  is  effected. 
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On  the  other  hand,  the  transfer  cannot  be  made  until 
the  converter  is  definitely  locked  into  step  and  with  the 
right  polarity.  While  the  description  of  the  operation 
takes  a  relatively  long  time,  the  actual  operation  is 
carried  out  in  a  very  brief  interval.  With  a  300  kw,  25 
cycle,  750  r.p.m.  converter,  starting  on  28  percent  taps, 


FIGS.   4   AND   5 — FRONT  AND   REAR  VIEWS    OF   THE   RELAY   PANEL 

The  upper  row  consists  of  the  voltage  relay  on  the  left  and 
reverse  current  relay.  The  contact-making  voltmeter  and  the 
holding  relay  are  shown  immediately  below.  The  rear  view 
shows  the  polarized  motor  and  resistors  for  the  relay  coils. 

the  first  direct-current  line  switch  was  closed  10  seconds 
alter  the  starting  impulse  was  received;  except  that 
when  field  reversal  was  necessary,  an  additional  4  sec- 
onds were  required.  A  500  kw,  500  r.p.m.  machine  took 
four  seconds  longer.  When  commutating-pole  machines 
are  used  an  additional  time  of  approximately  5  seconds 
is  required  to  allow  the  brushes  to  be  lowered. 

An  interlock  on  running  switch  11  completes  a  cir- 
cuit through  the  contacts  of  safety  relay  j/  to  the  clos- 
ing coil  of  the  main  direct-current  line  switch  12.  The 
coil  of  J/  is  connected  across  the  contacts  of  12  and  is 
calibrated  to  operate  at  750  volts.  As  the  normally  neg- 
ative converter  brush  is  grounded,  there  will  be  a  poten- 
tial of  1200  volts  across  the  coil  of  j/,  if  by  any  accident 
the  converter  should  reach  this  stage  of  the  operation 
with  inverted  polarity.  If  j/  operates  it  will  open  the 
circuit-breaker  of  12,  while  at  the  same  time  tripping  the 
circuit  breaker  and  causing  the  station  to  start  over 
again. 

Switch  12  connects  the  converter  to  the  line 
through  the  current  limiting  resistance,  thus  preventing 
the  sudden  surge  frequently  caused  in  manually-op- 
erated   substations    when    the    switch    is    first    closed. 


Switches  14,  i§,  and  16,  are  then  successively  closed 
through  current  limit  relays  which  prevent  the  short- 
circuiting  of  the  resistance  if  the  load  exceeds  their  set- 
ting. These  relays  also  serve  as  overload  relays  to  open 
switches  14,  75  and  16,  in  case  of  overload  or  short- 
circuit  on  the  direct-current  system. 

As  soon  as  12  is  closed  and  the  converter  is  supply- 
ing current  to  the  line,  ij,  the  load  relay,  operates. 
This  relay  closes  its  contacts  at  approximately  15  per- 
cent of  the  normal  station  load  or  any  other  value  that 
may  be  found  necessary  on  the  individual  application. 
The  contacts  of  jj  are  in  parallel  with  those  of  i  and 
serve  to  keep  the  station  in  operation  as  long  as  the 
demand  justifies. 

The  motor  operated  time  relay  27  holds  the 
station  on  the  line  during  periods  of  coasting  or  when 
the  cars  are  stopped  to  receive  or  discharge  passengers. 
It  can  be  set  for  any  period  (from  three  to  eighteen 
minutes)  that  may  be  found  desirable  after  installation. 
This  relay  will  open  switch  j  if  no  demand  in  excess  of 
the  setting  of  /j  is  made  on  the  station  within  the  time 
setting. 

Thermostats  are  provided  over  the  current  limiting 
resistance  grids  to  cut  the  station  out  of  service  if  an 
overload  or  short-circuit  continues  sufficiently  long  to 
overheat  them.     The  station  will  continue  to  come  back 
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FIG.   6— ALTERNATING-CURRENT  STARTING  PANEL 

Having  starting  and  running  contactor  switches  and  inter- 
locks mounted  together  with  the  field  reversal  limiting  relay. 

into  service  indefinitely  after  overheating  of  the  grids 
if  the  demand  is  present. 

Thermostats  are  also  provided  for  the  bearings  but 
after  these  once  operate  the  station  is  cut  out  of  ser- 
vice until  inspected.     The  bearing  thermostats  consist 
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of  a  copper  bulb  inserted  in  the  bearing  and  located  so 
that  one  side  of  the  bulb  is  in  contact  with  the  bearing 
metal.  The  bulb  is  connected  to  an  external  metallic 
bellows  and  is  filled  with  a  volatile  fluid  which  vaporizes 
at  the  maximum  desirable  bearing  temperature,  thus 
expanding  the  bellows  and  operating  a  contact  that  dis- 
connects the  converter  from  the  line.  After  the  bear- 
ing has  cooled,  all  that  is  necessary  to  reset  the  thermo- 
stat is  to  press  down  on  the  contact  rod,  thus  opening 
the  contacts  and  restoring  the  device  to  its  original  con- 
dition. 

Arf  auxiliary  switch  on  the  circuit  breaker,  together 
with  relay  26,  resetting  relay  18,  and  repeating  lockout 
device  30  is  arranged  to  cause  one  or  more  attempts  to 
start  after  the  station  has  been  tripped  by  the  alternat- 
ing-current overload  relays.  This  is  to  take  care  of 
restarting  after  a  plain  overload  of  sufficient  magnitude 
to  affect  the  alternating-current  relays  or  a  short-circuit 
due  to  a  ffashover  or  some  other  self-clearing  source  of 
trouble.  If  the  tripping  still  persists, 
relay  18  is  electrically  locked  open  by 
30,  which  is  a  step-by-step  device  ca- 
pable of  being  set  for  from  one  to  four 
operations.  An  e.xtra  device  can  be 
connected  to  18  that  will  signal  the  dis- 
patcher over  the  telephone  line  that  the 
station  has  been  locked  out  due  to 
trouble.  This  will  also  indicate  the 
number  of  the  station  when  there  are 
more  than  one  on  one  line. 

For  use  with  converters  having 
commutating  poles,  it  is  necessary  to 
provide  a  brush  lifting  and  lowering 
device.  This  is  arranged  with  limit 
switches  and  interlocks  so  tliat  the  con- 
verter cannot  be  connected  to  the  start- 
ing taps  unless  the  brushes  are  lifted, 
nor  can  the  direct-current  line  switch  be 
clo.sed  until  the  brushes  are  fully 
lowered.  The  brushes  are  arranged  to 
raise  immediately  after  the  station  is  shut  down,  if  the 
alternating-current  service  has  not  been  interrupted.  If 
the  shut  down  is  caused  by  failure  of  the  source  of  sup- 
ply, then  the  brushes  will  be  raised  when  the  supply  is 
restored.  The  lowering  operation  occurs  when  the  low- 
.  tension  running  contactor  closes,  taking  place  in  the  se- 
quence of  operations  between  the  closing  of  this  switch 
and  the  closing  of  the  direct-current  line  switch  14. 

FIELD   OF  APPLICATION 

The  principles  of  automatic  switching  can  be  ap- 
plied to  any  type  of  converting  apparatus,  as  for  ex- 
ample, to  induction  motor  started  converters  or  to  1200 
or  1500  volt  service  with  either  one  converter  or  two  in 
series.  Where  two  or  more  converters  are  installed 
for  parallel  operation,  the  second  and  subsequent  ma- 
chines are  started  by  a  thermal  relay  calibrated  to  in- 
dicate the  safe  loading  limit  on  the  machines  which  are 


operating.  Switches  are  provided  for  transferring  the 
control  circuits  so  that  the  wear  may  be  equalized  on  the 
various  machines. 

For  self-starting  synchronous  motor-generator  sets 
the  same  general  principles  of  control  are  carried  out 
as  in  the  converter  equipments.  Synchronism  is  in- 
dicated by  a  rectifying  commutator  on  the  shaft,  which 
is  in  effect  a  small  synchronous  converter  and  is  used 
with  the  polarized  motor  relay  to  indicate  when  direct 
current  is  being  received  from  the  rectifier. 

The  present  field  for  the  use  of  the  automatic  sub- 
station is  principally  in  the  conversion  of  hand-operated 
stations  on  existing  lines  for  automatic  operation. 
There  is  also  a  large  field  of  application  to  street  rail- 
way systems  in  cities  where  the  economies  consist 
mainly  in  the  reduction  of  feeder  copper  and  feeder 
losses.  In  large  cities  a  modified  semi-automatic  equip- 
ment controlled  from  a  central  point  would  be  the  most 
suitable.     In  such  cases  the  saving  in  feeder  copper  be- 


FIG.   7 — DIRECT-CURRENT    CONTACTOR    PANELS 

comes  large  while  at  the  same  time  trolley  voltage  con- 
ditions are  improved. 

On  new  traction  lines  high-voltage  automatic  sta- 
tions of  small  capacity  may  be  installed  at  relatively  fre- 
quent intervals.  The  oil  circuit  breaker,  transformers, 
and  lightning  protection  would  be  installed  outdoors 
and  the  building  need  be  only  big  enough  for  the  con- 
verting and  control  equipment.  This  will  result  in  a 
low  building  and  real  estate  cost.  As  the  automatic 
station  need  not  be  heated,  still  another  economy  is  ef- 
fected by  the  omission  of  heating  apparatus. 

Another  large  field  open  for  the  installation  of 
automatic  control  is  that  of  the  small  hydroelectric 
plant.  There  are  numerous  low-head  developments  that 
might  prove  very  profitable  investments  if  the  cost  of 
attendance  could  be  eliminated.  T4iis  is  a  field  that  is 
well  worth  further  development. 
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MANY  factors  enter  into  the  success  or  failure  o 
equipment  selected  for  burning  different  kinds 
of  coal.  Not  long  ago  careful  consideration  was 
given  to  the  available  fuels  in  different  markets,  and  a 
particular  stoking  equipment  was  selected  that  seemed 
to  be  best  suited  for  a  particular  kind  of  coal.  In  these 
critical  times,  however,  this  viewpoint  has  necessarily 
been  changed,  and  it  is  not  now  a  question  of  choosing 
a  particular  kind  of  coal  and  then  selecting  the  appara- 
tus to  bum  that  fuel,  but  rather  the  selection  of  stoking 
equipment  that  will  burn  a  wide  range  of  coals.  That 
is,  it  is  not  possible  now  to  choose  the  coal  that  will  be 
used  for  any  particular  industry,  but  the  equipment 
must  be  selected  and  arranged  to  burn  the  coal  that  can 
be  obtained,  irrespective  of  its  quality. 

In  selecting  stoker  equipment,  four  factors  should 
be  carefully  considered.  Surprisingly,  the  most  impor- 
tant of  these  is  not  the  kind  of  coal  to  be  burned,  but 


ing,  but  it  is  not  limited  to  this  capacity,  as  300  and  40<> 
percent  of  rating  can  be  obtained.  In  a  case  of  this 
kind,  the  load  conditions  would  decide  the  stoking^ 
equipment  best  suited  for  the  work. 


The 


COAI.S  IN   UNITED  STATES 

combustion    characteristics    of   coals   mined 


throughout  the  United  States  vary  considerably.  Start- 
ing in  the  eastern  portion  are  the  anthracites,  and  such 
coals  as  Pocahontas,  Clearfield  and  New  River  from 
West  Virginia  and  Maryland,  gradually  getting  into  the 
Pittsburgh  and  Ohio  coals.  In  the  Middle  West  are  Il- 
linois, Indiana,  Missouri  and  Kansas  coals  which,  with 
tlieir  free-burning  characteristics,  are  entirely  different 
from  the  eastern  coals.  Going  farther  west  are  the 
Denver  Lignites  with  their  high  percentage  of  moisture, 
which  again  are  different  from  the  lignites  of  Texas 
and  North  Dakota. 


FIG.    I— INSTALLATION    OK    SlUKhKS    AT    NORFOLK    &    WESTERN 
RAILWAY    company's    PLANT,    BLUESTONE,    W.    VA. 

Where  the  requirements  of  extreme  flexibility  decided  that  the 
imderfeed  type  of  stoker  should  be  used. 

rather  the  load  condition  of  the  plant.     These  four  fac- 
tors, in  the  order  of  their  importance,  are : — 

I — Load  conditions. 

2 — Available  coal. 

3 — Draft  conditions. 

4 — Application  conditions. 

The  nature  of  the  load,  and  the  amount  of  coal  to 
be  burned  by  any  particular  apparatus,  are  most  impor- 
tant, for  the  reason  that  if  certain  load  conditions  domi- 
nate, irrespective  of  everything  else,  stoking  apparatus 
must  be  selected  for  that  condition.  This  is  also  neces- 
sary for  the  reason  that  different  types  of  stokers  can 
burn  the  same  kinds  of  coal,  but  each  type  of  stoker  is 
limited  as  to  the  continuous  overload  capacity  that  can 
be  successfully  maintained  and  as  to  its  maximum  re- 
serve possibilities.  For  example,  an  overfeed  stoker 
will  burn  West  Virginia  coal  very  satisfactorily  up  to 
possibly  200  percent  of  boiler  rating.  On  the  other 
hand,  the  multiple-retort  underfeed  type  of  stoker  will 
bum  this  coal  equally  successfully  at  200  percent  of  rat- 


FIG.    2 — UNDERFEFJ)    STOKER    INSTALLATION 

This  plant  at  one  time  had  the  overfeed  type  of  stoker 
installed,  and  when  the  requirements  exceeded  the  reserve 
capacity  of  this  type  of  stoker,  a  careful  analysis  of  the  load 
conditions  decided  in  favor  of  the  underfeed  t)pe  of  stoker. 
The  extent  to  which  the  setting  is  affected  by  the  new  installa- 
tion may  be  seen  by  the  difference  in  the  brickwork. 

Various  poor  grades  of  these  coals  must  be  con- 
tended with  by  central  stations  and  industrial  plants, 
and  the  object  of  this  paper  is  to  outline  briefly,  the  ac- 
tion of  these  coals  on  different  types  of  stoker  equip- 
ment. Only  the  type  of  stoker  equipment  best  suited 
for  load  and  coal  conditions  is  discussed ;  the  draft  and 
setting  conditions,  on  the  other  hand,  might  be  the  de- 
ciding factor  in  a  particular  inslallation. 

ANTHRACITE  COALS 

The  larger  sizes  of  anthracite  coal  are  taken  for 
domestic  use,  and  only  the  smaller  sizes  are  available 
for  firing  steam  boilers.  On  account  of  the  small  size 
this  coal  is  very  difficult  to  bum,  and  in  general  nothing 
has  as  yet  been  devised  to  handle  this  fuel  successfully. 
On  account  of  the  high  percentage  of  fixed  carbon  in 
the  coal,  it  is  difficult  to  ignite,  and  expert  firing  must 
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be  used  to  obtain  any  results  at  all.  In  burning  this 
coal,  a  slight  pressure  is  used  under  the  fire. 

A  few  years  ago,  evaporative  tests  were  conducted 
on  the  overfeed  type  of  stoker  with  the  smaller  sizes  of 
Nos.  I,  2  and  3  buckwheat  coal  and  fairly  good  results 
were  obtained,  as  given  in  Table  I. 

Another  test  on  the  overfeed  type  of  stoker  gave 
an  equivalent  evaporation  of  8.4  lb.  of  water  from  and 


signed  for  line  anthracite  coal  and  permitting  the  use  of 
air  pressure  under  the  fuel  bed.  There  have  been  many 
recent  installations  of  this  type  of  chain  grate  for  hand- 
ling small  sizes  of  anthracite  coal,  and  although  definite 
information  is  not  available  at  this  time,  this  method 
promises  to  excel  others  for  this  particular  coal. 

Attempts  made  to  burn   the  fine  anthracite  coals 
on      the      underfeed      type      of      stoker      have      gen- 


FIG.   3 — OVERFEED   TYPE   OF    STOKER 

Used  extensively  for  Eastern  and  Pittsburgh  coals  where 
the  maximum  reserve  capacity  does  not  exceed  200  percent  of 
the  boiler  rating. 

at  212  degrees  F.  per  pound  of  dry  coal  when  using  a 
mixture  of  run  of  mine  bituminous  coal  and  anthracite 
buckwheat  No.  2,  in  the  proportions  of  one-quarter 
bituminous  to  three-quarters  anthracite.  This  result 
was  obtained  when  the  boiler  was  operating  at  approxi- 
mately normal  rating. 

TABLE  I— PERFORMANCE  OF  OVERFEED  STOKER 

Applied  to  250  and  500  hp  boilers  when  burning  buckwheat 

anthracite  coal. 


FIG.    4 — SECTION    OF    FURNACE    CHAMBER 

Showing  operating  principle  and  air  control  of  underfeed 
stoker  which  burns  a  wide  variety  of  coals.  A  wide  range  of 
operation  and  e.xtreme  reserve  capacities  can  be  obtained  from 
the  boilers  with  this  type  of  stoker. 

erally  been  unsatisfactory.  On  account  of  the  high 
fixed  carbon  content  of  anthracite  coal,  there  is  no 
question  but  that  it  can  be  handled  best  on  a  flat  grate 
or  an  overfeed  type  of  grate  or  stoker.  While  attempts 
to  burn  this  coal  on  an  underfeed  type  of  stoker  have 
proven  unsuccessful,  a  mixture  of  Eastern  bituminous 
and    anthracite    screenings   has   been   burned    satisfac- 

TABLE  II— EFFECT  OF  VARIOUS  PERCENTAGES  OF 
ANTHRACITE  COAL 


Performance  Characteristics 


I  I 

25ohp|50ohp 


I 

Percent  of  boiler  rating  during  test  |  77.6 

Duration  of  test,  hours   [     9.5 

Temperature  of  flue  gases  degrees  F I713 

Pounds  of  dry  coal  per  sq.  ft.  of  grate  surface] 

per  hour   .  .' 14.5 

Equivalent    evaporation    from    and    at   212° 

per  lb.  dry  coal    

Equivalent    evaporation    from    and    at   212° 

per  lb.  combustible   


F. 


7.21 


8.54 


87.4 
10 
581 

137 

8.63 

10.67 


Anthracite 

Coal 

Percent  of 

Mi.\ture 

Cost  of 

Mi.\ture 

per  Ton 

—  Dollars 

Cost  of  Coal  per  1000  Lbs.  of 
Water  from  and  at  212"  F. 

Dollars         |        Percent 

0 
25 

33-3 

40 
SO 

3.00 
2.625 
2.50 
2.40 

2.=i 

0.132 
0.126 
0.123 
0.120 
0.120 

100 
95 
93 
91 
9: 

Coal  Used — P.  &  R.  anthracite-rice — 

95.7  percent   passing  through   a    %  inch  round  mesh. 

41.6  percent   passing   through   a   A  inch  round  mesh. 

4.7   percent   passing  through   a    tV  inch  round  mesh. 

Although  the  handling  of  this  coal  on  an  overfeed 
type  of  stoker,  as  stated  above,  gives  fairly  good  results, 
it  is  not  so  successful  that  it  could  be  used  generally. 
That  is,  each  successful  installation  seems  to  be  sur- 
rounded by  good  local  conditions  and  a  good  under- 
standing of  the  requirements  of  burning  this  coal. 
There  are  many  plants  in  service  giving  good  results. 

This  coal  has  been  burned  on  many  types  of  chain 
grate  stokers,  but  has  not,  in  any  way,  been  successful 
except  on  that  type  using  grate  bars  particularly  de- 


torily.  The  objection,  however,  to  this  is  that  an  ela- 
borate mixing  scheme  must  be  used  to  obtain  a  proper 
and  thorough  mixture  of  the  two  fuels. 

Recent  tests  conducted  on  the  inclined  underfeed 
stoker  show  that  about  600  lbs.  of  a  mixture  of  50  per- 
cent anthracite  and  50  percent  bituminous  coal  can  be 
burned  per  retort  per  hour.  Of  course,  the  object  in 
burning  a  mixture  of  bituminous  and  anthracite  coal  is 
to  reduce  to  a  minimum  the  cost  of  making  steam.  The 
relative  cost  of  the  anthracite  and  bituminous  coal  is,, 
therefore,  the  main  factor.  As  the  percentage  of  an- 
thracite coal  is  increased,  the  total  amount  of  coal  ne- 
cessarily burned  also  increases,  due  to  the  lower  heat- 
ing value  per  pound  of  the  mixture,  and  also  the  lower 
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'efficiency.  Test  results  show  that  from  a  zero  percent 
mixture  of  anthracite  with  bituminous  coal  to  a  mixture 
■of  50  percent  anthracite  and  50  percent  bituminous,  the 
•efficiency  dropped  seven  percent.  The  amount  of  re- 
fuse handled  also  increases  when  burning  this  mixture, 
and  the  fixed  charges  increase  due  to  a  reduction  in  ca- 
pacity. There  is  also,  as  stated  above,  an  additional 
cost  of  mixing  the  two  coals.  As  all  of  these  factors 
vary  for  different  plants  and  localities,  the  percentage 
of  anthracite  coal  that  will  permit  minimum  unit  costs 
differ,  so  that  each  individual  case  must  be  considered 
when  the  individual  conditions  are  known. 

To  illustrate,  in  Table  II  is  shown  the  cost  of 
evaporating  1000  lbs.  of  water  from  and  at  212  degrees 
F.  on  the  basis  that  bituminous  coal  costs  $3.00  per  ton 
and  anthracite  coal,  $1.50  per  ton. 

EASTKRN    BITUMINOXTS    COALS 

The  coals  used  in  most  of  the  large  representative 
central  stations  and  industrial  plants  in  the  East  are 
mainly  the  semi-bituminous  and  bituminous  coals  com- 
ing from  West  \'irginia,  Pennsylvania,  Maryland,  etc. 


PITTSBURGH   COALS 


FIG.    5 — CHAIN    GRATE    STOKER 

Used  extensively  for  Middle  Western  free-burning  coals 
where  maximum  reserve  capacity,  not  exceeding  200  percent 
of  boiler  rating,  is  required. 

This  coal  can  be  burned  very  successfully  on  the  over- 
feed and  the  inclined  underfeed  type  of  stoker;  also 
on  some  types  of  single  retort  underfeed  stokers.  On 
account  of  the  characteristic  caking  of  this  coal  when 
burned,  the  chain  grate  stoker  is  not  suitable.  The  se- 
lection of  either  an  overfeed  or  an  underfeed  type  of 
stoker  is  then  reduced  to  a  question  of  load  conditions. 
For  the  large  central  station  plants  where  extreme 
flexibility  is  required  in  the  equipment  in  order  to  take 
care  of  peak  loads  and  sudden  demands  for  steam,  there 
is  no  question  but  that  the  multiple  retort  inclined  un- 
derfeed stoker  should  be  used.  In  industrial  plants, 
where  not  more  than  200  percent  maximum  reserve  ca- 
pacity is  required  in  a  stoker  equipment,  the  overfeed 
type  of  stoker  will,  in  the  final  analysis,  give  the  best 
results.  For  example,  with  the  inclined  underfeed  type 
of  stoker,  a  range  of  operation  can  be  obtained  from  50 
percent  of  boiler  rating  to  400  percent  of  boiler  rating 
with  very  little  difference  in  efficiency,  as  shown  in 
Table  III.  For  the  overfeed  type  of  stoker,  the  range 
of  operation  is  within  the  limits  of  75  to  200  percent  of 
boiler  rating. 


A  few  years  ago,  the  most  successful  type  of  stoker 
for  handling  Pittsburgh  coals  was  the  overfeed  type, 
and  even  today  it  is  questionable  whether,  within  the 
limits  of  the  operation  of  this  type  of  stoker,  more  satis- 
factory equipment  can  be  obtained.  The  inclined  under- 
feed type  of  stoker,  having  come  into  use  in  the  ]ast  few 
years,  has  shown  its  ability  to  handle  Pittsburgh  coal 
very  easily  and,  in  addition,  is  giving  more  satisfactory 
results   than    are   obtained   with    the   overfeed   type   of 

TABLE  III— PERFORMANCE  OF  UNDERFEED  STOKER 

Applied  to  a  400  hp  boiler  when  burning  Eastern 

bituminous  coals. 


\ 


Percent  of  boiler  rating 
during   test    

Duration    of    test,    hours... 

Temperature  of  flue  gases, 
degrees    F 

Pounds  of  dry  coal  per  sq. 
ft.  of  grate  surface  per 
hour 

Carbon   dioxide,   percent    .  . 

Percent  efficiency  of  boiler, 
furnace  and  grate, 
based  on   dry  coal 


50.7 

103 

24 

24 

429 

46s 

7-93 

16.4 

12.7 

14-3 

79-7 

78.02 

1 
I 

145        1 202 
13-251    24 
1 
505        1 605 


23-7  1  33-5 
12.7  I   13.6 

I 

I 
76.6  I  75.5 

I 


361 
2 

743 


75-2 
lS-4 


59.8 


Approximate  Coal  Analysis — 

Percent  moisture 4 

Percent  volatile  matter   24.1 

Percent  fixed  carbon    68.6 

Percent  ash 7.28 

B.t.u.   dry    14963 

stoker  when  higher  ratings  must  be  obtained  from  the 
boilers.  Therefore,  in  the  selection  of  a  suitable  stoker 
equipment  for  burning  this  coal,  the  load  condition 
would  decide  the  question  as  to  whether  or  not  the  in- 
clined underfeed  type  would  be  used  or  the  overfeed 
type  of  stoker. 

There  are  many  plants  in  the  Pittsburgh  district 
where  chain  grate  stokers  are  used.  \\"hile  it  cannot  be 
said  that  this  stoker  is  wholly  unsatisfactory  for  these 
fuels,  on  account  of  their  coking  qualities  and  the  char- 
acteristic caking  effect,  the  principle  of  the  chain  grate 


TABLE  IV— PERFORMANCE  OF  OVERFEED  STOKER 
Applied  to  a  335  hp  boiler  when  burning  Pittsburgh  coals. 

Percent   of   boiler   rating    during   test 

105 

10 

.S03 

17 

13428 

7S-S 

210 

8 

718 

38 
13202 

68.8 

Temperature  of  flue  gases,  degrees  F 

Pounds   of    dry   coal   per   sq.    ft.    of   grate 
surface   per  hour                      

Calorific  value  of  dry  coal  per  lb 

Percent    efficiency    of    boiler,    furnace   and 
grate  based  on  dry  coal    

stoker  is  fundamentally  wrong  for  such  coals.  The 
manner  in  which  the}'  act  on  a  chain  grate  stoker  was 
quite  apparent  in  a  test  recently  conducted  on  a  chain 
grate  stoker  having  a  front  coking  plate.  As  the  coal 
ignited,  it  was  pushed  oft'  this  coking  plate  by  means  of 
plungers  and  it  passed  onto  the  chain  part  of  the  stoker 
in  large  lumps,  resembling  blocks.  On  this  particular 
stoker,  forced  draft  was  used.  By  viewing  the  furnace 
fire,  it  could  be  seen  that  the  air  was  going  up  between 
these  blocks  of  coke  and  not  through  them.     In  other 
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words,  it  seemed  that  if  one  could  get  into  the  furnace 
and  paddle  down  the  fuel  bed,  covering  up  these  holes, 
proper  results  could  be  obtained.  In  general,  this  is 
the  action  of  this  coal  on  any  type  of  chain  grate  stoker. 

COKE   BREEZE 

In  the  Pittsburgh  district,  there  is  considerable  coke 
breeze  that  is  now  without  a  market  due  to  the  fact  that 
there  is  nothing  that  can  satisfactorily  burn  it.  Many 
attempts  have  been  made  to  burn  this  on  the  overfeed 
type  of  stoker,  and  all  of  these  have  resulted  in  miser- 
able failures.  The  best  way  to  burn  coke  breeze  at  the 
present  time  is  on  a  tiat  grate  with  a  medium  pressure 
under  the  grate.  A  special  design  chain  grate  type  of 
stoker  is  being  installed  in  many  plants  and  promises  to 
give  a  really  successful  way  to  handle  this  fuel  me- 
chanically. Forced  draft  is  used  with  this  stoker.  At- 
tempts are  now  being  made  to  burn  this  breeze  on  the 
underfeed  type  of  stoker.  l)ut  no  commercial  success 
has  as  yet  been  attained. 

illDDLE    WEST    COALS 

In  the  Aliddle  A\'est,  where  the  Illinois  grades  of 
coal  dominate,  in  general,  the  chain  grate  type  of  stoker 
is  most  suitable  for  limited  boiler  outputs — up  to  about 
200  percent  of  boiler  rating.     It  is  surprising,  however, 

TABLE  V— PERFORMANCE  OF  CHAIN  GRATE 
STOKER 

Applied  to  a  514  hp  boiler  when  burning  low-grade 
Illinois  coals. 


Percent  of  boiler  rating 
during    test     

Duration  of   test,  hours... 

Pounds  of  coal  as  fired  per 
sq.  ft.  of  grate  surface 
per   hour    

Carbon    dioxide,    percent.. 

Percent  efficiency  of  boil- 
er, furnace  and  grate 
based  on   dry   coal    

B.t.u.  per  11).  of  coal  as 
fired 


117 
8 


32.9 
6.3 


58.6 
I0S50 


150 
6.5 


43-2 
8.1 


65-3 


9205 


169 
8 


44-9 
9-5 


65.1 


47-3 
10.3 


60.8 


11350 


to  find  that  in  Indiana,  where  the  coal  veins  are  adjacent 
to  those  of  Illinois,  the  overfeed  type  of  stoker  is  more 
generally  used.  This  is  because  some  of  the  coals  in 
Indiana  have  more  of  a  coking  or  caking  nature  than  a 
free  burning  characteristic. 

The  inclined  underfeed  type  of  stoker  is  now  being 
installed  for  handling  Middle  West  coal,  and  the  one 
thing  that  will  make  it  permanent  is  the  flexibility  of  the 
equipment  and  the  possibilities  of  higher  boiler  ratings. 

LIGNITE  COALS 

Years  ago,  the  overfeed  type  of  stoker  was  in- 
stalled in  the  west  to  burn  Denver  lignites,  and  was  not 
generally  satisfactory.  There  are  many  chain  grates 
burning  this  coal  and,  in  a  general  way,  it  might  be  said 
that  they  are  fairly  satisfactory.  There  is  nothing,  how- 
ever, that  has  successfully  handled  this  fuel  in  a  com- 
mercial way  and  considerable  development  work  is  now 
being  done  in  an  endeavor  to  apply  or  change  the  in- 
clined underfeed  type  of  stoker  to  handle  this  coal. 
This  type  of  stoker  has  one  characteristic  which  is  par- 
ticularly adapted   for  lignite,  and  that  is  that  a  very 


heavy  fuel  can  be  carried,  and  the  air  supply  adjusted, 
which  eliminates  the  difficulty  of  blowing  holes  through 
the  fire  and  distributing  dust  and  ash  onto  the  heating 
surfaces  of  the  boiler. 

North  Dakota  lignite  coals  have  been  tested,  in  a 
general  way,  on  the  inclined  underfeed  type  of  stoker 
mainly  to  ascertain  the  method  of  firing,  and  the  char- 

lABLE  VI— PERFORMANCE  OF  UNDERFEED  STOKER 

Applied  to  a  558  hp  boiler  when  burning  Illinois 

Carterville  coal. 


Percent  of  boiler  rating 
during   test    1     163 

Duration  of  test,  hours  . . 

Temperature  of  flue 
gases,    degrees    F 

Pounds  of  dry  coal  per 
sq.  ft.  of  grate  surface 
per   hour    

Carbon     dioxide,     percent 

Percent  efficiency  of  boil- 
er, furnace  and  grate, 
based   on   dry   coal 

Calorific  value  of  coal  as 
fired,  B.t.u.  per  lb 


163 

12 

182 
12 

212 
12 

328 
2 

512 

489 

562 

633 

27.7 
13.6 

34-9 
134 

37-2 
13 

62.3 
iS-i 

77-7 

76.1 

76.4 

1 1877 

10226 

1 1232 

1 1378 

Average  Approximate  Coal  Analysis — 

Percent  moisture 10.3 

Percent  volatile    matter     28.9 

Percent  fixed  carbon    41.8 

Percent  ash jgg 

B.t.u.   as  fired   10226 

B.t.u.    dry    .'  '  u^oi 

acteristic  action  of  this  coal  on  this  type  of  stoker.  It 
was  found  that  the  coal  was  extremely  eagy  to  handle 
and  any  clinkers  that  formed  could  be  easily  removed 
at  the  rear  of  the  stoker.  During  tliis  test,  the  results 
of  which  are  given  in  Table  A^II,  it  was  thought  that 
considerable  higher  ratings  could  be  obtained  if  the 
equipment  had  been  originally  designed  for  feeding  this 
grade  of  fuel.  In  all  of  the  tests,  very  litde  clinker 
trouble  was  encountered,  and  it  was  not  necessary  to 
dump  the  fire  during  the  seven-hour  test. 

TABLE  VII— PERFORMANCE  OF  UNDERFEED 

STOKER 

Applied  to  a  600  hp  boiler  when  burning  North   Dakota 

lignite  coal. 


Percent  of  boiler  rating  during  test I123 

Duration   of   test,   hours    j     6 

Temperature  of  flue  gases,  degrees  F I467 

Pounds  of  dry  coal  per  sq.  ft.  of  grate  surface! 

per   hour    |    t^2.4 

Carbon   dioxide,   percent    |    13.2 

Percent  efficiency  of  boiler,  furnace  and  grate.l 

based  on  dry  coal   f  1^6.2 


139 
7 

467 

314 
12.6 

64.6 


Approximate  Analysis  of  Coal —  ^ 

Percent  fixed    carbon    30.0 

Percent  volatile    matter    29.7 

Percent  moisture 34.4 

Percent  ash zn 

B.t.u.   as   fired    7029 


30.3 
28.3 
335 

7-9 
7120 


There  are  lignites  in  Texas  that  still  require  some 
satisfactory  means  of  burning.  About  every  type  of 
stoker  has  been  tried  out  on  this  coal  but  no  one  seems 
to  have  especial  advantages  that  would  demand  its  gen- 
eral use.  Attempts  are  now  being  made  to  handle  this 
on  the  underfeed  type  of  stoker,  but  it  yet  remains  to 
be  determined  whether  or  not  this  type  will  be  satisfac- 
tory. 


\ 
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II.  G.  MacDo.nai.u 

THE  increase    in    distances    covered    by    electric  oil  must  be  prevented  from  solidifying.       Heat  is  not 

power  tiansniission  lines,  and  the  accompanying  generated  in  a  circuit  breaker  during  normal  operation, 

increase  in  voltages  to  make  such  transmissions  as  in  a  transformer,  and  some  means  must  be  provided 

practicable    have    caused    serious    consideration    to    be  for  supplying  the  heat  necessary  to  keep  the  oil  sufifi- 

given  to  the  possibilities  in  outdoor  apparatus.     Certain .  ciently  fluid  to  properly  perform  its  functions  of  insula- 

classes  of  apparatus,  such  as  distributing  transformers  tion  and  arc  suppression,  or  else  a  grade  of  oil  must  be 


and  their  cutouts — both  fuse  blocks  and  switches — have 
been  made  for  out-door  operation  for  many  years,  but 
only  recendy  has  it  been  considered  possible  to  make 
large  power  transformers  with  all  their  controlling  and 
protective  apparatus  of  such  design  that  they  can  be 
located  outdoors  without  protection  from  the  weather. 
When  the  size  of  some  of  the  modern  transforming 
units  and  the  attendant  apparatus  is  considered,  the 
economy  effected  through  placing  the  units  outdoors  is 
apparent.     In  high-tension  bus  w^ork,  large  clearances 


used  which  will  remain  fluid  at  low  temperatures. 

Adequate  provision  must  be  made  to  protect  the 
mechanism  from  the  accumulation  of  snow  and  ice  in 
sufficient  quantity  to  interfere  with  the  mechanical 
functioning  of  the  moving  parts.  In  view  of  the  ex- 
posed position,  inspection  of  contacts,  etc.  will  obviously 
occur  at  less  frequent  intervals  and  there  will  be  periods 
of  considerable  duration  when  access  is  practically  im- 
possible. The  mechanism  must,  therefore,  be  of  such 
rugged  construction  as  to  operate  repeatedly  during  long 


FIG.    I — COMBINATION     OUTDOOR     AND     INDOOR     SUBSTATION 

Electrolytic  lightning  arresters,  oil  circuit-breakers,  disconnecting    switches    and    transformers 


.mted    outdoors ;    rotary- 


converters  and  instrument  panels  indoors. 

must  be  allowed  and  a  building  would  necessarily  en- 
close a  large  amount  of  almost  empty  space.  This 
bus  work  can  be  supported  on  a  skeleton  structure  which 
also  forms  a  support  for  the  disconnecting  switches. 
Located  below  are  the  transformer  units,  lightning  ar- 
restors  and  circuit  breakers. 

The  outdoor  transformer  units  present  no  unusual 
features  but  the  circuit  breaker  design  presents  certain 
problems  which  are  unique.  Provision  must  be  made 
for  operating  the  circuit  breakers  without  disturbing 
the  weather-proofing  and  without  using  time  to  gain 
access  to  the  operating  means.  The  position  of  the  cir- 
cuit breaker  mechanism — open  or  closed — must  also  be 
indicated  on  the  outside  of  the  housing. 

The  pressure  set  up  within  the  housing  by  auto 


periods  without  attention.  The  apparatus  must  be 
made  sufficiently  tight  to  preclude  the  admission  of 
moisture,  even  under  the  most  severe  conditions  of  rain 
or  snow  driven  by  high  winds.  Under  certain  condi- 
tions, it  must  also  be  protected  against  dust  and  sand 
storms. 

Even  more  than  for  indoor  apparatus  must  sufE- 
cient  mechanical  strength  be'  provided  to  withstand  in- 
ternal pressure,  as  the  venting  must  be  less  ample  than 
on  indoor  apparatus.  Insulation  of  exposed  parts  must 
be  ample  to  provide  against  trouble  from  excessive  col- 
lection of  dirt,  moisture,  ice  or  snow.  In  making  up 
the  insulation  details  consideration  must  be  given  to 
the  possible  eiiects  of  extreme  variations  of  tempera- 
ture on  the  material  and  construction  used,  not  only 
matic  operation  under  severe  overload  must  have  means  gradual  changes  from  season  to  season,  but  frequent 
of  relief  and  the  gas  formed  due  to  volatilization  of  the  changes  from  an  extremely  hot  midday  summer  sun  to 
oil  during  the  heat  of  summer  must  be  gotten  rid  of.  the  succeeding  cool  night— or  a  change  from  summer 
If  the  apparatus  is  to  be  located  in  a  cold  climate,  the      sun  to  cool  rain  as  in  sudden  thunder  storms. 
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On  circuit  breakers  of  small  and  moderate  size 
where  the  weight  of  the  oil  tank  and  oil  is  not  prohibi- 
tive, the  most  desirable  form  of  circuit  breaker  is  the 
frame  mounting  style,  with  means  for  the  ready  re- 
moval of  the  oil  tank.  With  a  frame  mounted  circuit- 
breaker  the  mechanism  with  all  its  contact  details  snd 


FIG.    2 — no  000    VOLT    OUTDOOR    OIL    CIRCUIT-BREAKERS    AND    TRANS- 
FORMER   SUMTATION 

Operating  at  present  at  88000  volts. 

considerable  of  the  operating  mechanism  is  exposed  by 
lowering  the  oil  tank.  This  permits  a  part  of  the  me- 
chanism to  be  inspected  and  contact  repairs,  replace- 
ment or  adjustment  to  be  accomplished  without  disturb- 
ing the  other  mechanism  or  the  line  connections. 

For  large  circuit  breakers,  where  the  task  of  low- 
•ering  the  tank  with    oil    would    be    hea\-}-,    a    platform 


■'''''^'■-    3 I35  0^J>J     vol.1,     400     .\.\ll-LKt.     UL   IDUUK     TVl'K, 

OPERATED    OIL    CIRCLTIT-BREAKER 

Breaking  capacity  rating,  1500  arc  amperes. 


LLKlTKICALLY- 


mounting  is  necessary  In  this  instance,  access  to  the 
Ulterior  of  the  tank  is  secured  by  the  removal  of  a  me- 
chanism cap,  which  exposes  the  lever  system  and  pre- 
sentsa  sufficiently  large  opening  to  withdraw  any  ne- 
cessary part.     The  mechanism  is  ordinarily  so  disposed 


that  a  terminal  bushing  Cfjmplete  with  its  contact  details 
can  be  withdrawn  without  disturbing  any  other  details, 
and  the  moving  contact  element  can  also  be  withdrawn 
through  the  manhole  or  mechanism  cover.  Experience 
has  indicated  the  advantages  of  a  structural  frame  or 
platform  which  permits  access  to  the  bottoms  of  tanks 
and  free  air  circulation,  as  this  assists  in  keeping  all 
parts  free  from  rust  and  corrosion.  Tank  bases  are 
usually  made,  however,  with  openings  in  the  rim  so  that 
the  bottom  can  be  painted  with  a  long  handled  brush  if 
the  foundation  is  of  concrete  or  masonry. 

It  is,  obviously,  highly  desirable  that  outdoor  ap- 
paratus be  as  similar  as  possible  to  the  equivalent  indoor 
devices,  so  that  the  smallest  possible  variety  of  spare 
and  repair  parts  will  be  required  and  to  permit  of  inter- 
change of  indoor  and  outdoor  apparatus  between  parts 
of  large  power  systems.     It  has,  therefore,  come  about 


KIG.    4 — lo5  000    VOLT,    400    A.MPEKE,    IHKEE-POLE,    CIKCUIT-EREAKER 

Breaking  capacity  rating,  5000  arc  anaperes. 

that  on  such  apparatus  as  may  be  used  in  both  indoor 
and  outdoor  installations,  the  outdoor  style  has  largely 
dominated  the  development  of  both  parallel  lines.  Cer- 
tain features  are  different,  as  for  instance  the  terminal 
bushings  must  be  protected  from  rain  and  snow  and  the 
entire  mechanism  made  weather  proof.  But  a  housing 
which  will  exclude  moisture  from  the  mechanism  will 
also  to  a  large  extent  prevent  the  expulsion  of  oil  dur- 
ing operation,  which  is  a  highly  desirable  feature  of 
both  indoor  and  outdoor  types.  By  suitably  arranging 
the  various  parts  an  outdoor  arrangement  of  mechan- 
ism and  covers  can  be  made  which  is  practically  as  ac- 
cessible, as  simple  and  as  cheap  to  manufacture  as  the 
indoor  style.  The  specifically  outdoor  features  are 
then    the    weather-proofed    terminal    bushings,    certain 
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venting  details  and  features  for  protecting  the  solenoid 
operating  mechanism. 

A  typical  outdoor  circuit  breaker  for  medium 
heavy  interrupting  service  has  an  elliptically  shaped  oil 
tank    of    steel    plate    with    lap    welded    seams,    and    a 


FIG-    5 — 115000   VOI-T,     400     AMFIKK,     uLII"i(iK      lift.     nil.     c  I KCU IT- 
BREAKER 

With  cover  removed  from  the  electrically-operated  mechan- 
ism and  with  hand-closing  lever  in  position ;  circuit-breaker  in 
open  position. 

cast  Steel  top  for  the  tank,  of  a  domed  shape  for 
strength.  The  top  is  arranged  for  suspension  from  a 
supporting  frame  and  the  tank  is  hung  frotn  the  top  by 
suitable  tie  bolts,  extending  to  a  frainework  or  support- 
ing grid  beneath  the  tank.     An  overhung  lip  around  the 


FIG.   6 — 7i  000   VOLT.   400   AMPERE   ELECTRICALLY-OPERATED,   OUTDOOR 
TYPE,    FR  A. ME- MOUNTED,    AUTOMATIC    OIL    CIRCUIT-BREAKER 

top  is  interlocked  with  the  tank  rim,  restraining  the  rim, 
and  suitable  ])acking  between  top  and  rim  insures  a 
weather-proof  joint.  A  suitable  removable  cover  with 
interlocking  rim  gives  access  to  the  upper  portion  of 
the    circuit    breaker    mechanism.     Conduit    pipe    with 


packing  washers  and  lock  nuts  affords  weather-proofed 
communication  from  [lole  to  pole  for  operating  levers 
and  control  leads  when  required.  The  solenoid-operat- 
ing mechanism  is  located  at  one  end  of  the  unit,  housed 
in  a  case  or  box  with  a  removable  cover  having  packed 
joints.  This  box  has  conduit  pipe  for  connection  to 
the  circuit-breaker  mechanism. 

The  steel  top,  in  addition  to  supporting  and  protect- 
ing the  operating  mechanism,  affords  an  expansion 
chamber  to  cushion  the  pressure  incident  to  circuit  in- 
terrupting. As  considerable  oil  vapor  and  gas  may  col- 
lect in  this  chamber,  suitable  baffled  vents  are  placed  in 
such  positions  as  to  relieve  sudden  pressures  and,  in  ad- 
dition, induce  a  circulation  of  air  through  the  chamber 
to  drain  out  the  accumulating  oil  vapor.  As  the  oil  is 
of  a  more  or  less  volatile  nature,  this  latter  function  is 


FIG.    7 — 25000  VOLT,   400    A.Ml'tKE.    OUTDOOR    TYPE,    FRA.ME-MOUXTED 
OIL   CIRCUIT-BREAKER 

of  considerable  importance.  To  prevent  tlie  transmis- 
sion of  a  disturbance  in  one  tank  to  adjacent  tanks  and 
to  the  solenoid  box,  suitable  baiifles  may  be  placed  in  the 
connecting  conduit  pipes.  Pressure  may  then  be  vented 
to  the  outside  but  propagation  of  pressure  from  tank  to 
lank  will  be  barred. 

The  terminal  bushings  are  sufficiently  protected  by 
I>etticoated  insulators  to  afford  insulation  under  the 
most  severe  conditions  of  dri\ing  rain,  wet  snow  or 
sleet.  It  is  not  uncommon  to  find  the  entire  structure, 
including  the  exposed  portions  of  the  porcelain  insula- 
tors, encased  in  a  coating  of  sleet  or  to  see  snow  piled 
up  practically  to  the  entire  height  of  the  terminal  bush- 
ings. Under  such  conditions  it  is  obvious  that  a  con- 
siderable factor  of  safety  in  surface  insulation  is  highly 
desirable. 

Circuit  breakers  for  the  heaviest  interrupting  ser- 


THE   ELECTRIC  JOURNAL 


127 


vice  and  for  high  vohages  ha^•e  been  made  with  circular 
tanks  of  heavy  boiler  plate  with  domed  top  and  bottom 
livetted  in  and  with  all  entrances,  such  as  manholes,  of 
equally  strong  construction.  Commercial  specifications 
have  called  for  tanks  capable  of  withstandmg  pressures 
as  high  as  150  lbs.  per  square  inch.  Circuit  breakers 
for  the  extremely  high  voltages,  which  involve  long 
travel  of  contacts  and  heavy  moving  elements,  embody 

special  quick  break  fea- 
tures for  the  rapid  sepa- 
ration of  contacts  which 
is  essential  in  high 
power  interrupting  de- 
vices. By  this  means 
extremely  rapid  contact 
separation  is  obtained 
without  the  ditficulties 
which  would  be  en- 
countered in  trying  to 
accelerate  and  decele- 
rate the  heavy  mass  of 
the  entire  moving  ele- 
ment. 
Outdoor  disconnecting  switches  are  provided  for 
isolating  any  circuit  breaker  for  repair  or  inspection. 
As  a  means  of  placing  the  control  of  a  unit  to  be  in- 
spected or  repaired  entirely  within  the  hands  of  the 
man  doing  the  work,  a  small  cut-off  switch  may  be 
placed  within  the  mechanisin  box  so  that  by  opening 
this  switch  the  operating  coils  are  disconnected  and  op- 
eration from  the  control  desk  is  impossible. 

Where  circuit  breakers  are  exposed  to  tempera- 
tures of  zero  degrees  C.  or  below,  ordinary  oil  becomes 
sufficiently  viscous  to  seriously  impair  the  efficiency  of 
the  circuit  breaker.  This  is  due  to  the  slowing  up  of 
the  opening  action  due  to  the  heavy  oil  and  also  to  the 


ordinary  grade  and  in  cases  of  large  units,  or  where  a 
considerable  number  are  involved,  the  cost  of  the  special 
cil    may   be    excessive.      If    the    range    of    temperature 


FIG.  8 — 7500  VOLT,  600  -VMPERE, 
THREE-POLE,  SINGLE-THROW,  POLE- 
MOUNTING      OIL      CIRCUIT-BREAKER 


FIG.    10 — 6000     K.V..\.,     I.)  200     VOLT,     OUTDOOR     TR.».NSFORMER     SUB- 
STATION 

Circuit-breakers    mounted    on    platform    above    the    trans- 
formers. 

is  large  and  the  summer  temperatures  are  high,  the 
\'olatilization  of  the  special  grade  oil  may  cause  doubt 
as  to  the  expediency  of  introducing  this  extra  hazard. 


PIC.    9 — _'_' utHj     lu     1  1  UOO    VOLT,    OUJDUUK     s  L  l:bl  A  Uu.N     IhliDl.Sij    A 
LARGE    STEEL    MILL 

Low-tension   circuit-breakers   shown    in    foreground ;   high- 
tension  circuit-breakers  in  rear  at  left. 

sluggish  action  of  the  oil  itself  in  flowing  in  and  sup- 
pressing the  arc.  Special  grade  oil  having  low  freezing 
characteristics  is  available  to  overcome  this  difficulty 
but  there  are  cases  in  which  it  is  desirable  to  accomp- 
lish the  same  result  by  other  means.  For  example  the 
low   freezing  grade  of  oil  is  more  expensive  than  the 


HI,.    II t)lL    CIRCUIT-BREAKERS    UN    A    FEEDER    TAP 

From  a  44000  volt  transmission  line. 

In  such  cases  heating  elements  ma}-  be  installed  in 

the  tanks  and  put  in  service  during  the  continuance  of 

dangerously  low  temperatures.     These  heating  elements 

can  easily  be  placed  so  as  not  to  interfere  with  the  ac- 


128 


THE    ELECTRIC    JOURNAL 


tion  of  the  mechanism  in  any  wa)'.  By  placing  the 
elements  on  or  near  the  bottom  of  the  tank,  they  are 
away  from  any  high-tension  parts  and  are  properly  lo- 
cated for  the  heat  distribution  by  convection  currents 
within  the  oil.  The  amount  of  power  consumed  is  small 
and  can  usually  be  taken  from  station  auxiliary  or  other 
low-voltage  circuits.  It  is  entirely  possible  by  the  use 
of  suitable  thermostatic  devices  to  make  the  control  of 
the  heaters  automatic.  In  circuit  breakers  of  the  frame 
mounted  style  the  heating  element  connections  are  ar- 
ranged so  that  the  lowering  of  the  tanks  automatically 
disconnects  the  heaters. 

For  automatic  overload  protection  bushing-type 
current  transformers  are  embodied  in  the  structure  of 
the  circuit-breaker.  The  transformer  secondaries 
are  connected  through  conduit  to  suitable  trip  coils  on 
the  operating  mechanism.  Where  the  conditions  of  in- 
stallation and  operation  require,  additional  housing  or 
boxes  can  be  added  for  the  protection  of  overload  or 


other  control  relays,  so  that  the  entire  installation  of 
circuit  breakers  and  automatic  protective  devices  can  be 
made  self-contained  and  integral. 

Position  indication  may  be  afforded  by  various 
means.  The  jiosition  of  the  closing  handle  socket  may 
indicate  whether  the  contacts  are  open  or  closed,  or 
an  arrow  or  pointer  may  be  actuated  by  some  movable 
part  of  the  mechanism  which  extends  to  the  outside  of 
the  enclosing  box.  Remote  indication  may  be  afforded 
by  signal  lamps  located  at  the  control  board  or  other 
convenient  place.  A  small  switch,  so  connected  to  the 
operating  mechanism  as  to  transfer  the  lamp  connec- 
tions as  the  contacts  pass  from  one  position  to  the  other, 
is  part  of  the  usual  equipment.  Emergency  operating 
means  is  provided  so  that,  in  case  of  failure  of  control 
current  from  any  cause,  the  circuit  breaker  may  be  op- 
erated manually.  This  may  consist  of  a  removable 
lever  such  as  would  ordinarily  be  provided  with  manu- 
ally-operated circuit  breakers. 
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L.    R.    GOLLAD.W 

Circuit  Breaker  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 


WHILE  high-voltage  oil  circuit  breakers  are 
fundamentally  the  same  as  those  for  lower 
voltages,  they  are  quite  different  in  proportions 
and  details.  High  voltage  necessitates  greater  insula- 
tion distance  between  conducting  parts  and  the 
grounded  tank  and  mechanism ;  so  larger  oil  tanks  are 
used,  in  sizes  that  are  comparable  with  those  of  the 
larger  transformers.  For  higher  voltages,  the  simple 
porcelain  terminal  bushing  is  not  satisfactory  and  the 
stronger  and  more  effective  condenser  type  is  used. 
The  higher  voltages  also  require  a  greater  travel  of  the 
moving  contacts  and  wider  separation  of  the  fixed  con- 
tacts. For  this  reason  the  moving  parts  are  heavy  and 
difficult  to  accelerate  and  decelerate.  Now  a  high  rate 
of  acceleration  is  desirable  in  order  to  reduce  to  a  mmi- 
mum  the  time  that  the  arc  persists  between  contacts. 
One  solution  of  this  dilemma  consists  of  an  ingenious 
type  of  contact  that  separates  at  high  speed  and  still 
requires  only  moderate  velocities  of  moving  parts. 

H  A  circuit  breaker  element  that  is  typical  of  all  that 
has  been  mentioned  is  shown  in  Fig.  4.*  It  has  a  rating 
of  135  000  volts  and  400  amperes  and  will  break  cir- 
cuits successfully  with  5000  amperes  in  the  arc.  The 
terminal  bushings  of  this  circuit  breaker  will  withstand 
a  dry  flashover  test  of  400  000  volts,  and  a  wet  flash- 
over  test  of  300  000  volts. 

The  tanks  are  an  innovation  in  this  type  of  service 
in  that  they  are  circular.  Heretofore  elliptical  tanks 
have  been  used  almost  exclusively  in  high  voltage  cir- 


cuit breakers  because  they  are  more  compact  and  re- 
quire less  oil.  In  rupturing  circuits  carrying  large 
amounts  of  energy,  however,  high  pressures  are  devel- 
oped within  the  tanks.  The  circular  type  offers  much 
greater  resistance  to  distortion  from  these  pressures. 
The  top  and  bottom  are  spheroidal  in  shape  so  that  flat 


*In  the  article  in  this  issue  on  "The  Tendency  Toward  Out- 
door Switching  Apparatus"  by  H.  G.  Macttonald  p.  125. 


FIG.    I — CONT.ACT    DEIAILS 

Showing  the  instantaneou.s  position  just  after  the  latch  has 
been  released,  corresponding  to  the  position  shown  in  Fig.  4. 

surfaces  are  consistently  avoided.  The  tanks  are  of 
boiler  plate,  three-eighths  inch  thick  and  are  designed 
to  resist  a  sustained  internal  pressure  of  150  pounds  per 
square  inch. 

The   lower    end    of    the    condenser    type    terminal 
bushing  is  enclosed  in  a  porcelain  arc  shield  for  pro- 
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FIG.    2 —  C  1  R  CUIT- 

BREAKER       IN       THE 

CLOSED  POSITION 

As  shown  in 
Fig.  5.  The  main 
and  arcing  con- 
tacts are  closed 
and  tlie  latch  ton- 
gue is  seated  in 
the  latch. 


FIG.   3 — MAIN     CON- 
TACTS   SIX     INCHES 
OPEN 

With  arcing 
con  tacts  closed 
and  latch  holding. 
The  arcing  contact 
spring  is  c  o  in- 
pressed  in  this 
position. 


Laich  — 
LatciiSpnng 


FIG.   4 — MAIN     CON- 

TACTS      EIGHT 

INCHES   OPEN 

At  this  instant 
the    latch   has    re-   Arr,„K 
leased      and      the  'fpS'i'" 
a  r  c  ing      contacts 
are    separating    at   S"= 
a    high    velocity. 


tection    from   arcs.     Between   this   arc   shield   and   the     butt  type,  each  assembly  ha\ing  two  current-carrying 
stationar)-   contact   is   the  metal  static  shield   for   dis-      and  two  arcing  contacts.  The  latter  are  designed  to  take 

fT^'l     I     n       Condense.   <C"X~\     l\  ^^^  t'""^  arcing  so  that  the 

main  contacts  will  not  be- 
come pitted  or  burned  by 
the  arc.  The  whole  station- 
ary contact  is  enclosed  in 
a  metal  hood  which  dis- 
tributes the  electrostatic 
stress  that  would  otherwise 
be  excessive  on  the  sharp 
corners  and  edges  of  the 
contact  mechanism. 

The  arcing  contacts  em- 
bod}'   a    novel    feature    i  n 
that    they    remain  in   con- 
tact witii  similar  arcing  con- 
tacts on  the  movaWe  con- 
tact  during   part    of    the 
stroke  of  the  latter.   When 
the  switch  is  closed  the  two 
sets  of  arcing  contacts  are 
latched    together.     In    the 
opening  operation  the  main 
contacts   separate  at    once 
but  the  latch  holds  the  arc- 
ing  contacts  together,   the 
upper    ones    being     pulled 
down  against  the    compres- 
sion   of    a    spring.       After 
the  moving  contact  has  dropped  seven  inches  this  latch 
releases  and  the  springs  retrieve  the  upper  arcing  con- 
tacts, breaking  the  circuit  quickly.     Thus  the  station- 
ary arcing  contact  is  stationary  in  name  only  and  a  high 
speed  of  final  break  is  obtained.  *The  sequence  of  op- 
eration is  given  in  Figs.  2,  3,  4  and  5,  showing  the  open- 
ing of  the  contacts  in  successive  stages.  The  total  travel 
of  the  moving  contacts    is  22  inches,  making  a    total 
break  of  44  inches  in  each  line.-* 

The  circuit  breaker  may  be  operated  electrically  or 
by  means  of  a  hand  lever.  Remote  electrical  operation 
is  secured  by  two  solenoids,  one  for  closing  and  one  for 
tripping  the  breaker.  The  pushing  of  a  button  on  the 
switchboard  accomplishes  either  operation  by  energiz- 
ing the  proper  solenoid,  a  signal  switch  on  the  circuit 
breaker  closing  a  lamp  circuit,  which  indicates  to  the 
operator  the  completion  of  the  operation.  All  three 
poles  are  connected  mechanically  and  operate  simul- 
taneously. 

In  the  bottom  of  each  tank  is  an  electric  heater  for 
raising  the  temperature  of  the  oil  in  cold  weather.  X  The 
heaters  will  keep  the  oil  at  32  degrees  F.  when  the  out- 
side temperature  is  zero  degrees  F.  Each  heater  re- 
quires 3.5  kw  at  120  volts.J'  This  heater  serves  to  keep 
the    oil    in    proper    condition    in    the    severest    winter 


Eleclroslalic  Shield 
FIG.    5     —     C  I  R  CUIT-BREAKER 
IN  THE  OPEN  POSITION 


FIG.    6 — SlNGLE-ruLE    OIL     CIRCUIT-BREAKER    UNIT     WITHOUT     TANK 

tributing  the  electrostatic  stress  uniformly  over  the  sur- 


face of  the  terminal  bushing.     The  contacts  are  of  the      weather. 
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COUPLINGS 

In  the  earliest  machines,  the  turbine  and  generator 
shaft  were  each  provided  witli  a  square  formed  in  the 
end  of  tlie  shafts  over  whicli  fitted  a  loosely  fitting 
sleeve.  This  was  subsequenth-  replaced  with  a  claw- 
type  coupling  Fig.  34.  This  coupling  is  of  the  so  called 
flexible  type  which,  however,  does  not  permit  of  suc- 
cessful operation  with  material  misalignment  of  the 
turbine  and  generator  shafts.  With  misalignment  there 
is  a  slight  variation  of  angular  velocity  which,  on  ac- 
count of  the  inertia  of  the  revolving  parts,  causes  a 
heavy  intermittent  stress  on  the  driving  horns,  each 
horn  in  turn  having  to  accelerate  the  masses  slightly  at 
each  revolution.  There  were  a  few  cases  where  break- 
age occurred,  although  the  stresses  due  to  normal  oper- 
ation were  quite  low.  Of  course,  the  greater  the  length 
of  the  coupling  between  the  sets  of  driving  horns  the 
more  truly  flexible  it  becomes. 


ate  strainer  systems  which  may  be  cleaned  while  the 
turbine  is  operating. 

A  system  of  fractional  filtration  is  coming  into 
general  use,  there  being  provided  in  the  power  house  a 
first  class  filter  system  of  moderate  size,  capable  of 
filtering  continuously  a  few  percent  of  the  oil  actually 
being  used.  The  turbine  oiling  system  is  provided  with 
an  overflow  arranged  to  drain  the  dirtiest  oil  from  the 
bottom  of  the  reservoir.  A  supply  of  clean,  pure 
oil  commensurate  with  the  capacity  of  the  filter  system 
is  then  delivered  into  the  turbine  system ;  the  same 
amount  of  dirty  oil  overflowing  to  be  refiltered. 

Oil  coolers  or  their  equi^■alent  are  always  neces- 
sary. It  has  been  the  custom  of  the  W'estinghouse 
Company  always  to  employ  a  separate  cooler.  The 
practice  of  water  cooling  the  bearing  itself,  or  of  em- 


FIi;.    34 — LLAW-TVrE   COUPLING 

In  the  later  type  couplings  shown  in  Fig.  35,  circu- 
lar driving  pins  having  considerable  overhang  are  em- 
ployed, thus  permitting  a  slight  flexibility  of  the  pins 
themselves.  That  is,  they  may  deflect  slightly  without 
strain.     No  breakage  has  occurred  with  this  design. 

LUBRICATING   SYSTEMS 

All  turbines  have  been  provided  with  lubricating 
systems  operated  by  pumps  directly  driven  by  the  tur- 
bine. In  all  but  the  smallest  sizes,  this  is  relayed  by  a 
separate  steam-driven  pump,  which  is  for  use  only  in 
starting  and  stopping.  With  time,  however,  the  lubri- 
cating system  has  become  more  elaborate.  It  is  gen- 
erally recognized  that  the  life  of  the  oil  is  much  in- 
creased by  an  ample  reservoir.  The  longer  the  rest  the 
oil  has  between  the  times  of  actual  use  in  a  bearing,  the 
better;  hence  the  capacities  of  reservoirs  have  been  ma- 
terially increased,  a  20  000  kw  turbine  having  a  20  bar- 
rel oil  tank.     Later  machines  are  provided  with  elabor- 


FIG.    35 — PIN-DRIVE    COUPLING 

bedding  cooling  coils  in  the  babbitt,  while  highly  effi- 
cient from  the  standpoint  of  heat  transfer  per  unit  of 
surface,  has  never  been  resorted  to  because  of  the  nn- 
practicability  of  cleaning.  A  modern  cooler  is  shown 
in  Fig.  36,  the  water  making  many  passes  at  high  ve- 
locity through  the  tubes,  the  oil  circulating  outside  the 
tubes.  The  cooling  surface  merely  lays  in  a  cast  Iron 
box,  the  water  connections  being  more  or  less  flexible. 
Proper  provision  for  expansion  is  evident,  as  is  the 
means  by  which  the  whole  element  may  be  lifted  out  for 
cleaning. 

Oil  is  used  at  a  temperature  of  100  to  140  degrees 
F.,  a  temperature  conducive  to  any  chemical  action;  it 
therefore  must  have  no  tendency  to  turn  acid,  which 
generally  precludes  the  admission  of  any  animal  or 
vegetable  oils.     It  is  found  that  some  higher  viscosity 
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oils,  while  they  may  contain  nothing  but  pure  mineral 
stock,  have  a  tendency  to  emulsify.  This  is  particular- 
ly true  in  cases  where  the  reservoir  system  is  not  large 
and  the  oil  gets  insufficient  rest.  A  viscosity  as  low  as 
150  sees.  Saybolt  at  100  degrees  F.,  is  satisfactory  for 
turbines.  In  the  case  of  geared  units,  however,  a  vis- 
cosity of  250  to  350  sees.  Saybolt  at  100  degrees  is  rec- 
ommended;  the  turbine  itself  operating  equally  well 
with  this  higher  viscosity,  the  only  difference  being  a 
slightly  higher  bearing  temperature  and  a  little  more 
cooling  required.  The  ideal  lubricant  is  the  fluid  hav- 
ing the  greatest  adhesion  and  the  least  cohesion.  The 
requirement  of  the  bearing  is  that  the  relatively  mov- 
ing surfaces  be  adhered  to  by  the  fluid,  the  fluid  itself 
being  sheared  between  the  surfaces,  a  definite  film  ad- 
hering to  each  surface.  The  work  of  the  bearing,  or  the 
bearing  losses,  depends  on  the  resistance  to  this  shear, 
which  is  a  function  of  the  viscosity.  Inasmuch  as  the 
viscosity  becomes  less  with  increasing  temperatures, 
bearing  losses  may  be  maintained  at  a  minimum  by  op- 
erating with  high  oil  temperatures.  Decreasing  vis- 
cosity with  the  increase  of  temperature,  reduces  the 
losses  so  unless  there  is  something  the  matter,  a  bearing 
will  reach  a  definite  temperature  and  stay  there.  It  is 
self -regulating  in  that  respect.     While  turbines  operate 


FIG.   36 — COOLER  FOR  LUBRICMING  OIL 

well  with  oil  temperatures  as  high  as  160  degrees  F.,  no 
attempt  is  made  to  state  what  may  be  regarded  as  the 
limiting  temperature,  or  in  what  respect  the  life  of  the 
oil  is  reduced  by  continued  operation  at  high  tempera- 
tures. Inasmuch  as  the  oil  consumption  of  a  turbine, 
after  the  system  has  once  been  charged  is  practically 
npthing,  the  question  of  price  at  the  expense  of  quality 
and  suitability  should  not  receive  consideration. 

EXHAUST  PASSAGES 

More  attention  is  being  given  to  the  exhaust  pass- 
ages of  turbines,  that  the  steam  may  leave  the  turbine 
without  eddies  in  the  exhaust  chamber.  In  older  de- 
signs, it  was  not  uncommon  to  find  hot  and  cold  spots 
with  the  turbine  operating  under  light  loads,  and  par- 
ticularly on  a  change  of  vacuum,  doubtless  inducing 
considerable  temperature  strains.  Some  later  large 
machines  are  projected  with  what  may  be  termed 
"stream  line  exhausts",  the  steam  being  divided  up,  as 
it  leaves  the  last  row  of  blades,  into  a  number  of  easy 
curved  passages  leading  to  the  exhaust  opening. 

With  high-speed  machines,  the  exhaust  passages 
have  greater  physical  dimensions  than  anything  else 
about  the  machine,  the  turbine  almost  appearing  to  be 
all  exhaust  chamber  so  any  further  attempt  to  reduce 


physical  dimensions  by  increasing  rotative  speeds  will 
not  material!}-  affect  the  dimensions  of  the  whole  tur- 
bine. 

PROGRESS  AND  FUTURE  POSSIBILITIES 

Discussion  of  the  general  progress  of  turbine  de- 
velopment in  the  past  is  not  complete  without  reference 
to  the  possibilities  of  the  future.  It  is  plain  that  with 
turbines  of  large  size,  which  deliver  to  the  switchboard 
76  to  80  percent  of  the  theoretical  energy  available 
from  the  steam  ex]ianding  between  the  limits  specified, 
further  improvements  in  the  turbine  itself  will  not  ma- 
terially raise  this  efliciency,  and  that  further  improve- 
ment in  central  station  economies  must  be  looked  to 
from  causes  other  tha..  me  steam  turbine.  This  is  a 
subject  of  the  greatest  importance  in  view  of  the  rapid- 
ly increasing  cost  of  fuel  and  justifies  considerably 
more  capital  expenditure  for  economisers  and  other 
plant  apparatus  which  will  reduce  fuel  cost. 

Attention  at  the  present  time  is  being  directed  to 
employing  higher  boiler  pressures;  viz.,  pressures  as 
high  as  600  lbs.  Today  jog  lbs.  pressure,  200  degrees 
F.  superheat  is  regarded  as  a  more  or  less  every-day  op- 
erating condition  for  large  plants.  Steam  generated  at 
600  lbs.  pressure,  having  exactly  the  same  heat  content 
as  that  contained  in  200  lbs.  pressure  and  200  degrees 
F.  superheat,  will  have  a  superheat  of  approximately 
128  degrees  F.  This  expanded  to  29  inches  of  vacuum 
is  theoretically  capable  of  giving  13  percent  more 
energy  than  when  generated  at  200  lbs.  Doubtless, 
when  operating  under  these  conditions,  the  turbine  will 
be  of  lower  efficiency.  The  high  pressure  element  w  ill 
be  less  efficient  on  account  of  the  great  density  and  the 
small  volume  of  the  steam,  and  on  the  other  hand  the 
low  pressure  elements  will  be  less  efficient  because  of 
the  great  amount  of  water  precipitated  Vjy  the  steam  ex- 
pansion from  the  high  pressure,  introducing  a  brake  in 
the  turbine.  However,  it  is  reasonable  to  suppose  that 
the  turbine  will  avail  itself  of  at  least  50  percent  of  this 
13  percent  possibility,  producing  a  net  saving  of  six  or 
seven  percent.  What  may  be  expected  to  be  derived 
from  higher  pressures  is  exhibited  in  Figs.  T,y  and  38, 
plotted  for  various  pressures. 

Another  source  of  impro\ement  of  performance  in 
large  multiple-cylinder  machines  may  be  obtained  by  in- 
termediate reheating,  the  steam  expanding  from  a  high 
pressure  and  superheat  through  a  high  pressure  element 
to  a  pressure  of  say  40  lbs.  absolute,  where  nearly  all 
the  superheat  has  disappeared ;  the  steam  then  being 
passed  through  a  separately-fired  superheater  and 
raised  to  approximately  its  original  temperature,  thus 
giving  a  nearly  diy  cycle  to  the  whole  steam  expansion. 
The  addition  of  an  intermediate  reheater  to  such  an  in- 
stallation would  be  expected  to  secure  an  improvement 
in  total  B.  t.  u.  supplied  of  three  pei-cent.  Until  lately, 
however,  the  capital  expense  involved  would  hardly 
have  been  warranted. 

Much  more  than  formerly,  attention  is  being  given 
to  the  subject  of  feed  water  heating  and  means  are 
available  for  providing  a  heat  balance  between  the  feed 
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water  heating  system  an<l  the  main  turbine  unit,  valves 
being  provided  which  will  take  steam  from  the  turbine 
whenever  there  is  a  deficiency  of  auxiliary  exhaust 
steam  for  heating  feed  water  and  take  steam  from  the 
heating  system  when  the  feed  water  heater  is  incapable 
of    condensing    all    of    the    exhaust    steam    from    the 


FIG.   y^ — COMPARATIVE    PERFORMANCE    CURVES 

Of  a  60000  kvv,  three  cylinder,  1800  and  1200  r.p.m.  turbo- 
generator unit.  Performance  given  at  45000  kw  output,  when 
supplied  with  steam  having  a  total  heat  (above  water  at  32 
degrees  F.)  of  1280,  1300  and  1320  B.t.u.  per  pound  at  various 
steam  pressures- 
auxiliaries.  Valves  are  also  available  which,  when  the 
conditions  demand,  will  take  steam  from  a  higher  pres- 
sure stage  of  the  turbine  in  one  case  and  admit  steam  to 
a  lower  stage  m  the  other. 

A  heat  balance  system  has  been  proposed,  employ- 
ing electric  motors  for  driving  the  auxiliary  machines 
and  these  in  turn  operated  by  a  special  generating  unit, 
the  generator  being  driven  both  by  a  non-condensing 
steam  turbine  and  an  electric  motor  operated  from  the 
main  busbars,  the  flow  of  steam  to  the  turbine  being  con- 
trolled by  the  pressure  in  the  exhaust  and  hence  by  the 
needs  of  the  feed  water  heater.  At  times  of  excessive 
demands  for  feed  water  heating,  the  motor  may  give 
energ}-  to  the  system  and  conversely  when  there  is  a 
small  demand  for  steam  for  heating  feed  water,  the  en- 
ergy for  driving  the  auxiliaries  will  in  part,  come  from 
the  main  units.  The  auxiliaries,  being  motor  driven, 
have  the  advantage  of  reducing  the  general  dirtiness, 
heat,  and  overcrowding  to  be  found  in  the  basements 
of  many  power  plants  on  account  of  the  steam  and  ex- 
haust piping  of  the  many  small  turbines.  The  general 
prejudice  against  electric  motors  for  condenser  and 
other  auxiliaries  would  seem  to  be  giving  way  in  view 
of  greater  ruggedness  of  electric  motors  and  the  safety 
of  their  circuits.  The  heat  energy  actually  required  to 
operate  the  auxiliaries  with  such  a  system  would  be 
far  less  on  account  of  the  better  performance  of  the 
large  turbine  unit  as  compared  with  the  number  of 
small  non-condensing  auxiliary  turbines,  in  spite  of  the 
electrical  losses  involved. 

Further  economy  may  be  expected  by  making  more 
extended  use  of  the  economiser.  Until  lately  it  has 
been  considered  difficult  to  operate  economisers  success- 
fully if  the  feed  water  is  admitted  to  them  at  temper- 


ature much  below  200  degrees,  because  of  corrosion  of 
the  surfaces  and  the  condensation  of  tarry  compounds 
from  the  fuel.  It  is  probable  that  in  the  future  econo- 
misers will  operate  well  with  the  water  entering  them  at 
120  degrees  or  thereabouts,  the  water  being  heated  to 
this  temperature  by  a  fewer  number  of  steam-driven 
auxiliaries  or  by  the  employment  of  electrically-driven 
auxiliaries  entirel}'  and  bleeding  the  main  turbine  at  a 
stage  where  the  pressure  is  commensurate  with  that 
temperature. 

The  present  time  is  a  very  important  period  in  the 
development  of  the  steam  turbine.  A  large  number  of 
big  units  have  been  built  ranging  in  size  from  25  000  to 
60  000  kw.  Those  built  by  the  General  Electric  Com- 
pany are  of  the  impulse  type,  those  by  the  Westinghouse 
Company  entirely  of  the  reaction  type,  and  sometimes  a 
combination  of  both  types,  where  the  complete  expan- 
sion is  carried  out  in  a  single  cylinder.  Of  the  West- 
inghouse machines,  the  increased  reliability  obtained  by 
dividing  the  steam  expansion  in  separate  cylinder  struc- 
tures is  recognized.  Some  have  been  arranged  with 
the  high  and  low  pressure  cylinders  arranged  tandem 
fashion,  driving  a  single  generator.  Others  are  ar- 
ranged "cross  compound,"  each  turbine  element  driv- 
ing a  separate  generator.  The  very  largest  sizes  are  of 
three-element  design,  comprising  one  high  pressure  tur- 
bine, with  a  low  pressure  on  either  side,  each  of  the 
three  elements  having  its  separate  generator. 

Some  of  these  units  are  now  in  operation,  and 
within  another  year,  a  great  man)'  will  be  in  service. 


FIG.    38 — HE.vr  .WAILAULE   IX   AUIABATIG   EXPANSION 

Of  Steam  expanding  to  29  inches  vacuum  in  a  60000  kw, 
three  cylinder  turbogenerator  unit,  with  constant  total  heat 
contents  in  high-pressure  steam.  Also  resultant  ideal  water 
rate  and  Rankine  cycle  efficiency  at  45  000  kw  load. 

Some  of  them  will  be  tested  for  steam  efficiency.  All  of 
them  will  give  evidence  as  to  their  reliability  of  oper- 
ation and  accessibility  for  inspection  and  repairs.  The 
multi-cylinder  turbine  certainly  seems  to  have  much  to 
commend  it,  if  there  is  anything  in  the  thought  that 
with  increase  in  the  capacity  of  the  prime  mover,  there 
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should  be  a  corresponding  increase  in  reliability.  These  From  all  that  has  been  said  it  is  plain  that  the  pro- 
very  large  units,  if  built  in  a  single  cylinder  structure,  gress  in  the  construction  of  turbines  has  not  been  to 
impose  grave  problems  of  design,  for  as  the  structure  reduce  intrinsic  cost.  The  increased  reliability,  while 
becomes  larger,  the  more  likely  it  is  to  change  shape  sometimes  secured  by  more  skillful  design,  and  at  even 
under  the  varying  temperatures  within  its  walls.  Also,  a  reduction  of  cost,  generally  however,  involves  greater 
the  hazard  is  introduced  of  using  higher  grade  materials  cost.  The  higher  operating  conditions  : — pressure, 
to  deal  with  higher  stresses,  with  all  the  uncertainty  superheat  and  vacuum,  each  involves  greater  expense, 
which  that  question  involves  in  the  actual  securing  and  The  higher  vacuum  calls  for  larger  low  pressure  blade 
testing  of  such  materials  with  absolute  knowledge  that  areas,  as  w^ell  as  an  increased  number  of  turbine  ele- 
the  quality  of  the  test  specimen  will  be  secured  approxi-  ments.  The  higher  pressures  and  superheat  both  in- 
matelv  in  the  finished  piece.  volve  more  turbine  elements,  and  also  preclude  the  use 

,,r    ^,        1          .,      ■            •     1     •        ■       4.           t-  of  cast  iron  for  the  high  pressure  portions,  adding  ma- 

W  e  then  have  the  mcreasmgly  unmment  question  r       f 

,  J     ,.          vT    u-  u        ^          t.             i              1  •  1    J  terially  to  the  cost  of  valve  gears,  etc.       Competition 

of  dealing  with  higher  steam  temperatin-es,  which  does  ...        ^        1                               &        >                       1 

,      .,       ,     .         r  t     u-                      ■             ■         11  calling  for  the  highest  perlormance  has  brought  about 

not  make  the  design  of  turbines  any  easier,  as  is  well  "                      .     .                                            '^ 

,            .  •     ,                c     •£         t  1        J  the  emplovment  ot  higher  design  coefncients  which  in- 

proven  in  several  recent  instances,     bo  11  we  take  ad-  1           "n          1         T                  ■ 

j:  ,,      r     ,.  .1    .  ■       .        1              ■  ,              1 -r^  trodtice  still  another  element  ot  increased  cost.  The  m- 

vantage  of  the  fact  that  in  size  alone  resides  an  ability  .              .                                    .           .              ... 

,  .        ,  .  ,         rr  ■           »u       •<-          ^A            ti    »  *u  crease  m  rotational  speed  tor  a  given  size  machine  is 

to  achieve  higher  emciency,  then  it  would  seem  that  the  .                  ,             ^ 

.   ■   .■        c  A     ■           J          4.       ^-                     J    u     t.  about  the   only  item  besides   improved   manufacturing 
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.                        ,,              ,.  -i-       1    t                     u    »  u  processes  that  has  enabled  manufacturing  costs  to  be 

stresses,  as  well  as  centntugal  stresses,  can  best  be  re-  '^                                                                         " 

moved  by  introducing  no  new  questions.     Let  us  have 

the  high  efficiency  that  comes  with  large  size,  and  let  ^'^  ^P'^^  °^  this,  the  price  (under  pre-war  condi- 
us  add  no  new  pr'oblems  to  detract  in  any  way  from  re-  t'°"^)  °^  '^'-*^  t"'"b'"e  generating  units  has  been  re- 
liability. Therefore,  divide  the  unit  into  elements  of  ^"^^^  *«  approximately  40  percent  of  the  cost  ot  the 
such  size  as  bring  us  within  well-tried  practice,  dealing  *^''*'"''"  1^'"S<^  turbmes  of  5000  kw  or  thereabouts.  The 
with  no  special  materials,  avoiding  widely  differing  efficiency  ratio  has  been  increased  m  this  size  approxi- 
temperatures  within  the  same  structure,  keeping  the  ""'^'>'  ^'-'^^  P^'"'^^"^-  Considering  the  larger  sizes  that 
high  temperatures  within  the  relatively  small  high  pres-  "°^''  o*'^''^'"'  ^^^^  """^^  P"'  '^'1°^^'^"  '^  ^"''t'le''  '-^duced  and 
sure  element,  and  be  ready,  also,  for  the  still  higher  efficiency  ratios  have  been  improved  twelve  percent, 
temperatures  of  the  future.  The  multi-cylinder  ar-  ^^'^t"^^  ^^at  consumption  of  B.  t.  u.  supplied  at  the 
rangement  occupies  more  room,  measured  in  the  width  f'''"o"le  '^^^  ^1^°^™  "^  reduction  of  24  percent  between 
of  the  unit,  but  less  in  length ;  however  the  turbine  *e  7500  kw  turbine  of  1905  and  the  Interborough  tur- 
room  space  in  this  respect  is  not  a  problem  in  most  sta-  '^e  ot  1914. 

tions.     They   have   the   advantage,   previously   pointed  Comparison    of    steam    engine    performances    are, 

out,  that  the  turbine  elements  are  sensible  of  being  op-  however,  incomplete  without  consideration  of  capital- 

erated  separately  in  the  event  of  derangement  of  either  'nation,  depreciation,  etc.     Assuming  the  cost  of  steam 

one  of  them.     Automatic  apparatus  is  provided,  when  ^^  ^5  cents  per  thousand  pounds,  a  load  factor  of  75, 

demanded,  for  any  two  of  the  three  turbine  elements  ^"^  ^5  percent  for  iixed  charges,  a  saving  of  33  per- 

continuing  to  carry  load,  should  the  one  be  taken  out  of  '^ent  is  produced  by  the  later  of  the  above  two  machines, 

service,  either  by  the  opening  of  the  circuit  breaker  or  ^o  ^Ake  a  similar  comparison  between  a  modern 

by  tripping  the  emergency  stop.     The  compound  unit  '^''^^  turbine  installation  and  the  best  performance  of 

costs  more  money,  but  not  prohibitively  more,  if  the  reciprocating  engines,  assume:— 

construction  behind  its  adoption  is  justified  by  experi-  j^jti,,  ,^,^  ^^,  ^,,  „f  ^he  generating  units  .  ^?a^    ^laS 

ence.     In  view  of  the  present  power  house  costs,  there      Fixed  charges,  percent  15  15 

would  seem  to  be  no  economic  need  of  reducing  the  L°sttf  S  Z  "^^o^,  pounds' !  •.•.•.:•.;•.:  :$  0.15       $  o-l 

cost  of  turbine  units  below  the  amount  required  to  make  (at  220  lb.  (at  175  lb. 

them  as  nearly  perfect  as  possible.     It  is  hoped  that  the      Load   factor    ^^°!  .'"^'"'■75  ^^^'  '^75 

time  is  not  far  distant  when  the  turbine  designer  will      Cost  of  foundations  per  kw  $0.50       $2.50 

,  1  i.     •    -^^   i  -i  1  ,      ,         .       ,  Cost  of  condensers  per  kw   $  -5, so        $  2.iO 

not  have  to  initiate  quite  so  much  as  he  has  m  the  past ;  Cost  of  engine  room  personnel,  not  including 

that  on  the  operating  side  the  engineers  will  test  their  -^.,  executive  administration,  per  kw  per  year  $  0.61       $  1.57 

.      ,  .                                     ,,            ,       .,     ,  •Jil  and  engine  room  supphes  per  kw  per  year  $     .10        $  1.34 

turbines  more  generally  and  will  know  precisely  what  — 

results  they  give  in  steam  consumption,  and  will'  take  a  xi.'^°^^'  T'  ^?  '''''  F'V-'"'  ', ,  '  -^'^-^^       ^'^'^ 

,,  „                .  .                   .        ,        ^         '  The  modern  large  turbines  have  therefore  accom- 

stronger  position  respecting  the  mechanical  features  of  pH,i,ed  a  saving  over  the  best  reciprocating  engine  in- 

design,  details  of  operating  convenience,  etc.,  much  as  stallation   of  approximately  4/   percent.     The   cost   of 

tliey  used  to  when  they  dealt  with  the  subject  of  Corliss  energy  has  been  no  doubt  reduced  to  one-half  if  consid- 

engmes,  and  recognize  and  give  consideration  to  better  eration  is  given  to  reduced  size  of  buildings,  etc. 

detail  design  of  not  only  the  turbine  itself,  but  its  ap-      

purtenances.  *See  paper  by  H.  G.  Stott  and  R.  G.  Pigott,  A.  S.  M.  E. 

1910. 
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THE  AMOUNT  and  arrangement  of  the  insula- 
tion in  a  transformer  has  ahnost  as  much  of  an 
empirical  as  a  theoretical  basis.  The  amount  of 
copper  in  the  electrical  circuits  and  iron  in  the  magnetic 
circuits  is  a  matter  of  calculation  when  the  characteris- 
tics of  the  materials  are  known  and  certain  results  are 
to  be  secured.  On  the  other  hand,  the  amount  of  in- 
sulation to  be  used  in  a  given  place,  quite  often  depends 
upon  its  mechanical  characteristics,  and  the  stjesses 
which  it  must  withstand  during  winding. 

INSULATION    TESTS   ON    C0MMF.RC1.\L    TRANSFORMERS 

ljsuall\-,  the  tests  made  on  commercial  transform- 
ers are  in  accordance  with  the  standardization  rules  of 
the  American  Institute  of  Electrical  Engineers.  Dis- 
ruptive tests  are  made  between  the  high  and  low-voltage 
windings  and  between  the  windings  and  ground.  Similar 
tests  are  also  made  between  the  se\eral  parts  of  either 
the  high  or  low-voltage  windings,  when  composed  of 
two  or  more  electrically  separate  parts. 

While  an  over-potential  test  is  made  (at  a  fre- 
quency higher  than  normal  to  prevent  over-excitation  of 
the  magnetic  circuit),  the  voltage  between  turns  of  the 
winding  is  not  sufficient  to  really  test  the  insulation  to 
its  normal  break  down  value.  The  voltage  developed 
at  the  terminals  of  the  coils  limits  the  extent  to  which 
the  over-potential  test  can  be  carried.  It  has  been  pro- 
posed that  some  test  be  developed  by  which  a  surge 
could  be  thrown  on  the  transformer,  by  the  use  of  a 
discharge  from  a  condenser,  duplicating  in  some  meas- 
ure the  transient  conditions  in  service,  but  so  far  such  a 
test  has  not  been  standardized. 

DIELECTRIC    CHARACTERISTICS    OF    THE    INSULATED 
TRANSFORMER 

The  practical  value  of  insulation  resistance  meas- 
urements on  transformers  is  that  they  give  some  idea  of 
the  amount  of  moisture  or  dirt  present,  a  low  insulation 
resistance  value  being  serious  largely  because  it  indi- 
cates a  probable  low  dielectric  strength  of  the  insulat- 
ing material  and  a  possibility  of  failure  due  to  high  di- 
electric loss.  Further,  an  insulation  resistance  measure- 
ment does  no  harm  to  the  transformer,  while  a  failure 
under  the  disrui)tive  test  may  injure  the  insulation  at 
the  point  of  failure. 

Insulation  resistance  varies  inversely  as  the  cross- 
section  of  the  insulating  material,  and  this  is  the  reason 
\\h\-  high-\^oltage  transformers  may  ha\-e  a  lower  resist- 
ance than  lower  voltage  transformers  of  the  same  rat- 
ing. The  insulation  contact  surfaces  between  windings 
and  iron  and  between  coil  windings,  of  high-voltage 
transformers  may  overbalance  the  lesser  thickness  of 
insulation  used  in  low-voltage  transformers.  Dry  trans- 
formers ha\e  resistances  of  from  200  to  2000  megohms. 


OP  JdS'.lladOil 
Reed 

The  insulation  resistance  of  a  small  2300-230  volt, 
60  cycle  distributing  transformer,  at  various  tempera- 
tyres  is  shown  in  Fig.  i.  These  curves  were  made  from 
a  transformer  which  passed  all  standard  insulation  tests 
and  was  therefore  suitable  for  service.  The  tests  were 
made  with  the  case  filled  with  oil  and  the  transformer 
heated  to  approximately  70  degrees  C.  It  was  tlien  al- 
lowed to  cool,  taking  resistance  measurements  as  the 
temperature  dropped. 

The  dielectric  loss  for  a  150  k.v.a.,  6600-440  volt, 
60  cycle  transformer  is  shown  in  Fig.  2.  The  test  was 
made  under  the  same  conditions  used  for  the  dielectric 
strength  test,  that  is  from  the  high-voltage  to  the  low- 
voltage  winding,  with  the  latter  connected  to  the  mag- 
netic circuit.  The  dielectric  loss  with  this  connection 
is  greater  than  the  loss  would  be  with  the  transformer  in 
actual  service,  because  all  of  the  windings  are  at  the 
same  potential.     In  service  the  potentials  of  the  wind- 


FIG.    I — V.\RIATIOX    OF    THE    IXSUL.\TIOX    RESISTANCE    WITH 
TEMPER.\TURE 

Of  a  2300  to  230  volt,  60  cycle  distributing  transformer. 

ings  with  regard  to  each  other  change  from  point  to 
point  in  the  coils.  The  losses  in  actual  operation  will 
be  about  one-third  of  the  losses  indicated  on  the  curve 
for  the  same  voltage,  but  changing  somewhat  with  tlie 
particular  connection  used.  However,  the  dielectric 
loss  in  a  transformer  under  the  most  unfavorable  condi- 
tions is  very  small  as  compared  with  the  iron  and  cop- 
per losses. 

The  dielectric  strength  of  the  insulation  between 
the  various  parts  of  a  transformer  must  be  such  that 
the  conditions  arising  in  service,  will  be  met  with  a  rea- 
sonable factor  of  safety.  The  greater  part  of  the  insu- 
lating materials  used  in  transformers  is  cotton  and 
paper  fiber.*  It  is  therefore  reasonable  to  assume  that 
a  transformer  which  has  operated  for  a  period  of  from 


*Whose  mechanical  characteristics  under  operating  condi- 
tions are  shown  in  Figs.  3  and  4,  Part  VIII,  in  the  Jourx.\l  for 
March,  '18,  p.  100.  Fig.  3  shows  that,  for  the  various  tempera- 
tures, constant  conditions  are  reached  in  the  neighborhood  of 
100  hours. 
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100  lo  joo  (lays  at   full  load,   runs  little  risk  of  later 
burning  out  under  the  same  conditions. 

Since  the  greatest  mechanical  stresses  are  placed 
on  the  insulations  when  the  coils  are  being  wound,  after 
the  winding  and  assembling  are  accomplished,  a  consid- 
erable diminution  of  the  mechanical  strength  of  the  in- 
sulation is  then  permissible.  Perhaps  one-half  or  one- 
quarter  of  the  original  strength  would  sufiice,  particu- 
larly since  the  insulating  materials  are  re-enforced  by 
the  impregnation  treatment.*  The  heat  resisting 
properties  imparted  by  the  impregnation  treatment 
form  another  factor  of  safety  in  addition  to  that  pos- 
sessed by  the  unimpregnated  paper  and  cloth. 

IXIPRFGNATION   TREATMENT 

The  main  purpose  of  the  impregnation  treatment 
of  transformers  is  to  remove  the  moisture  and  seal  it 
out  with  a  conniound  which  is  itself  an  insulator.  Be- 
fore the  impregnation  treatment  was  used,  the  same  re- 
sults were  partially  secured  b_v  drying  and  treating  the 
insidating  material  used.  This  method  does  not  give  as 
good  results  as  impregnation,  because  the  treatment  is 
conhned  practically  to  the  surface  of  the  material. 
With  the  impregnation  treatment,  the  subsequent  ac- 
cumulation of  moisture  is  largely  confined  to  the  outer 
surfaces,  which  is  to  be  expected  when  the  pores  of  the 
})aper  and  cloth  as  well  as  the  open  spaces  between  are 
filled  with  the  compound. 

The  impregnating  compound  can  be  Itciuified  by 
lieat,  forced  into  the  coils,  and  on  cooling  it  forms  into 
a  solid  mass.  The  wires  are  thereby  held  in  position, 
thus  preventing  motion  and  abrasion  in  service,  and  the 
heat  conductivity  of  the  coil  is  materially  increased. 
Tests  also  show  that  the  impregnated  coils  show  no 
deterioration  at  temperatures  where  plain  cotton  cover- 
ing on  conductors  is  injured. 

The  materials  which  can  be  used  for  mipregnation 
are  varnishes,  shellacs,  asphalts  and  resins,  since  they 
can  be  ap[)lied  in  the  form  of  liquids  which  later 
solidify.  Varnishes  and  shellacs  contain  a  considerable 
percentage  of  volatile  solvents  which  must  be  driven  off 
before  the  material  reaches  the  solid  state.  These  ma- 
terials are  therefore  seldom  used  to  impregnate  coils 
because  of  the  difficulty  in  expelling  these  solvents.  If 
the  solvents  could  be  satisfactorily  expelled,  the  coils 
would  be  full  of  pores  where  the  solvent  had  worked 
through.  This  leaves  the  asphalts  and  resins  as  the  ma- 
terials best  suited  for  impregnation.  Since  all  asphalts 
are  soluble  in  oil  to  a  certain  extent,  they  are  not  satis- 
factory for  use  in  oil-insulated  transformers.  The  oil 
proof  compounds  are  made  from  the  resinous  gums, 
compounded  so  as  to  give  the  desired  hardness,  melting 


point  and  penetrating  power.  The  gums  used  come 
generally  from  Asiatic  ports,  and  are  excretions  from 
trees  belonging  to  the  same  family  as  the  pine,  from 
which  the  common  rosin  is  secured. 

In  choosing  insulating  materials  for  impregnating 
treatment  the  readiness  with  which  they  absorb  the 
compound  should  be  considered.  Cotton  in  the  form  of 
cloth,  tape,  or  wire  covering  is  easy  to  apply,  and  has 
good  mechanical  strength  but  does  not  have  a  high  di- 
electric strength.  For  these  reasons  cotton  fiber  is 
particularly  good  as  an  insulating  material  where  the 
impregnating  treatment  is  to  be  used,  serving  as  a  sup- 
porting material  for  the  impregnating  compound,  which 
has  poor  mechanical  characteristics,  but  high  dielectric 
strength.  Varnished  materials,  fiber  and  similar  sub- 
stances are  practicall}-  impervious,  even  to  the  most 
fluid  of  the  gums. 

Large  spaces  between  wires  or  sections  of  a  wind- 
ing are  difficult  to  fill.  It  is  important  in  the  design  of 
the  coils  that  a  path  be  always  left  for  the  gums  to  en- 
ter such  spaces,  as,  if  they  are  deep  within  the  coil,  there 
will  otherwise  be  no  path  for  the  gum  except  through 


,„, 'If  say  forty  percent  was  sufficient,  from  Fig.  4,  Part 
\  111,  in  the  JouRX.VL  for  March.  '18,  p.  100,  it  is  seen  that  thi^ 
percentage  of  the  initial  value  of  the  mechanical  strength  is 
retained  with  cotton  heated  in  oil  at  114  degrees  C,  and  paper 
heated  m  oil  at  125  degrees  C.  These  temperatures  are  higher 
than  those  usually  given,  even  when  account  is  taken  of  the 
fact  that  the  actual  maximum  temperature  is  approximately 
ten  degrees  higher  than  that  measured  by  the  increase  of  re- 
sistance method. 


FIG.    2— DIELECTRIC   LOSSES   IN   .\   ISO  K.V..\.,  6o  CYCLE  TR.\NSFORMER 

The   vertical   line   indicates   the   normal   high-tension   operating 
voltage  of  the  transformer. 

capillary  spaces  too  small  to  admit  a  large  amount.  If 
they  are  near  the  outside,  before  the  coil  can  be  cooled 
the  gum  will  have  run  out. 

In  the  process  of  impregnating,  the  coils  are  first 
dried,  either  in  a  separate  oven  or  in  the  impregnating 
tank.  They  are  then  placed  in  the  tank  and  heated  to  a 
temperature  high  enough  to  make  the  gum  fluid,  but  not 
high  enough  to  injure  either  the  gum  or  the  insulation 
of  the  coil.  A  vacuum  pump  is  then  applied;  usually 
from  one  to  six  hours  for  an  ordinary  coil  provided  it 
is  thoroughly  pre-heated.  After  the  vacuum  has  drawn 
the  moisture  from  the  coils,  the  impregnating  com- 
pound, previously  heated  to  a  liquid  condition,  is  drawn 
into  the  tank  by  the  vacuum.  Pressure  is  then  applied 
and  maintained  until  the  desired  degree  of  impregna- 
tion is  secured.  With  a  very  fluid  gum,  high  tempera- 
ture and  high  pressure,  two  hours  under  pressure  may 
be  sufficient,  but  under  adverse  conditions  ten  hours 
may  be  required.  The  medium  furnishing  the  pressure 
must  be  dry  before  entering  the  tank,  and  the  pressure 
generally  used  is  from  80  to  100  pounds  per  square 
inch. 
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PROPERTIES  OK  INSULATING  OIL 

Transformer  oil  should  have  the  following  charac- 
teristics,*— 

I — High  dielectric  strength. 

2 — Low  viscosity. 

3 — Freedom  from  deposit. 

4 — High  flash  point. 

5 — Low  evaporation. 

The  dielectric  strength  of  clean  dry  oil  at  25  de- 
grees C.  is  usually  not  less  than  22  000  volts  when  tested 
between  one  inch  brass  disks  set  o.io  inch  apart,  and 
changes  somewhat  with  temperature.  The  dielectric 
strength,  is  a  maximum  at  a  temperature  between  60 
and  70  degrees  C.  and  decreases  for  temperatures  both 
below  and  above  this  point.  It  is  an  important  fact  that 
the  oil  is  at  its  best  dielectric  value  at  or  near  its  normal 
working  temperature.  The  resistance  of  oil  decreases 
with  temperature  increase  as  does  that  of  other  insulat- 
ing materials.  The  presence  of  as  small  an  amount  of 
water  as  o.oi  percent  is  sufficient  to  seriously  impair  the 
dielectric  strength  of  the  oil.  The  exact  composition  of 
a  mixture  of  oil  and  water  is  a  little  obscure,  but  it 
seems  that,  with  clean  oil,  the  mixture  is  more  or  less 
temporary,  and  that  the  particles  of  water  will  finally 
settle  out.  In  an  electrostatic  field  the  sinall  drops  are 
drawn  together  and  tend  to  form  larger  ones  by  colli- 
sion, and  in  transformers  they  will  generally  be  at- 
tracted to  the  points  under  the  greatest  stress.  If  the 
oil  contains  fibers  of  foreign  matter,  as  practically  all 
oils  do,  the  fibers  will  absorb  the  particles  of  water  and 
thus  tend  to  retain  them  in  the  oil.  Dirt  in  oil  may 
have  an  efifect  very  similar  to  moisture  and  the  electric 
field  may  cause  the  small  conducting  particles  to  bridge 
between  the  electrodes. 

The  presence  of  acid  or  alkali  in  insulating  oil  is 
not  permissible,  because  they  reduce  its  dielectric 
strength,  as  well  as  act  destructively  on  the  materials  of 
the  apparatus.  An  oil  practically  neutral  is  preferable, 
and  it  should  contain  no  free  sulphur  which  in  its  free 
form  attacks  copper.  All  petroleum  oils  contain  sul- 
phur compounds  which,  however,  are  not  objectionable. 

Since  oil  is  usually  used  in  transformers  as  a  cool- 
ing as  well  as  an  insulating  medium,  its  viscosity  is  im- 
portant. The  more  sluggish  the  oil,  the  slower  will  be 
its  circulation  and  the  transfer  of  heat  will  be  corre- 
spondingly slow.  Heavy  oil  will  not  circulate  freely 
through  the  oil  ducts  of  the  windings,  with  the  result 
that  there  is  a  high  temperature  gradient  between  the  oil 
and  windings.  The  viscosity  of  oil  used  for  transform- 
ers is  ordinarily  from  30.0  to  40.0  seconds  Saybolt  at 
40  degrees  C. 

Deposit  from  oil  is  objectionable  because  it  clings 
to  the  windings  and  fills  the  ducts.  The  cooling  of  the 
apparatus  is  thus  affected  by  any  deposit  which  occurs 
under  normal  conditions  of  operation.  Such  a  deposit 
also  renders  the  oil  more  sluggish  and  thus  further  af- 
fects its  cooling  action.     A  deposit  is  also  an  indication 


*Sec  Report  of  Committee  on  Electrical  Apparatns  of  The 
National  Electric  Light  Association  for  191 7. 


that  chemical  decomposition  is  taking  place  in  the  oil. 
Its  formation  is  a  function  of  the  temperature  and 
length  of  time  the  oil  has  been  used,  but  at  ordinary 
temperatures  there  is  a  tendency  to  form  a  deposit  in 
the  presence  of  an  electric  field  of  high  intensity.  Oils 
differ  as  to  the  temperature  at  which  a  deposit  will  ap- 
pear. A  satisfactory  oil  should  not  show  a  deposit  or 
any  change,  except  possibly  a  darkening  of  color,  when 
operated  continuously  under  the  temperature  conditions 
experienced  during  actual  operation.  Heating  the  oil 
gradually  up  to  a  temperature  of  from  200  to  230  de- 
grees C.  in  one  hour  should  not  produce  any  other  effect 
than  a  darkening  of  color. 

Since  oil  in  transformers  may  occasionally  be  sub- 
jected to  high  temperatures  caused  by  overloads,  or 
locally  by  a  lightning  discharge,  or  by  corona  effects,  it 
is  iinportant  that  its  characteristics  be  such  as  to  pre- 
vent an  explosion  or  fire  even  under  those  abnormal 
conditions.  The  usual  criteria  of  the  inflammability  of 
oils  are  their  flash  and  fire  tests,  usually  taken  with  the 
open  cup.  The  values  for  the  open  cup,  however,  differ 
only  slightly  from  those  taken  with  the  closed  cup,  be- 
ing a  few  degrees  higher.  A  grade  of  oil  found  satis- 
factory for  transformer  work  has  a  flashpoint  around 
125  degrees  and  a  firepoint  in  the  neighborhood  of  150 
degrees  C.  It  is  obvious  that  an  explosive  mixture  is 
not  formed  with  this  oil  until  the  temperature  attained 
by  an  overload  on  the  transformer  is  greatly  in  excess 
of  normal  operating  temperature.  When  this  oil  is 
slowly  heated  experimentally  in  a  closed  vessel,  the  pro- 
portions of  oil  and  gas  spaces  approximating  those  ex- 
isting in  a  transformer,  and  an  arc  is  formed  at  temper- 
ature intervals  in  the  gaseous  mixture,  the  lowest  tem- 
perature at  which  an  actual  explosive  mixture  can  be 
obtained  is  about  145  degrees  C.  However,  at  room 
leinperatures  it  is  possible  to  secure  an  explosive  mix- 
ture by  maintaining  an  arc,  either  below  or  at  the  oil 
surface.  There  is  no  danger  therefore  of  an  explosion 
from  a  lightning  discharge  or  corona  effects,  unless 
there  is  an  actual  arc  produced  at  the  surface  or  beneath 
the  oil  which  can  evaporate  enough  of  the  oil  to  produce 
an  explosive  mixture,  and  give  at  least  a  localized  tem- 
perature in  excess  of  that  of  the  flashpoint  of  the  oil. 
Furthermore,  there  would  be  no  great  advantage  result- 
ing from  increasing  the  flashpoint  of  the  oil  say  25  per- 
cent, since  if  the  explosion  occurs  only  when  there  is 
an  arc  present,  it  would  take  but  a  slightly  longer  time 
for  the  heavier  oil  to  reach  the  explosive  condition  than 
it  does  with  the  lighter  oil. 

Light  colored  oils  have  some  advantage  since  they 
permit  the  superficial  examination  of  transformer  con- 
nections by  the  aid  of  an  incandescent  lamp,  without  re- 
moving the  apparatus  frorn  the  oil. 

All  insulating  oils  evaporate  slowly  even  at  operat- 
ing temperatures,  and  this  is  more  pronounced  in  oils 
of  relatively  low  viscosity.  A  satisfactory  oil  should 
not  show  undue  evaporation  under  normal  operating 
conditions. 
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Dipping  and  Baking  of  Railway  Motors 


Dipping  in  varnish  and  then  baking  thoroughly  fills  all 
cracks  and  pores  in  the  insulation.  This  greatly  reduces  the 
possibility  of  breakdowns,  whicli  might  be  caused  by  moisture 
or  other  conducting  materials  filling  these  cracks.  Further  it 
acts  as  an  efltective  bond  to  prevent  vibration  of  motor  parts. 
Dipping  and  baking  of  comparatively  new  motors  is  an  insur- 
ance against  maintenance  charges  for  rewinding,  etc  It  im- 
proves the  insulation,  fills  up  the  pores,  keeps  a  smooth  surface 
on  the  coils  and  prevents  vibration  of  motor  parts. 

Equipment — 

I — A  tank  to  contain  the  dipping  solution. 

2 — An  oven  in  which  to  bake. 

3 — Means  of  handling  the  apparatus. 

CLEANING 

Remove  oil  and  dirt  thoroughly  with  clean  compressed  air. 
Use  a  cloth  dampened  with  benzine,  where  oil  is  excessive.     To 

protect  the  polished  surfaces,  such  as  the  journal  and  commu- 
tator face,  tape  with  friction  tape.  Results  can  also  be  secured 
by  rubbing  the  journal  after  dipping  with  a  cloth  wet  with 
benzine. 

DRYING 

Heat  the  apparatus  in  an  oven  to  100  degrees  C.  so  that, 
with  the  delay  involved  in  getting  it  to  the  dipping  tank,  it  will 


FIG.    I — TVPIC.\L    DIPPING    AND    BAKING    ROOMS 

View  taken  from  the  interior  of  the  baking  room. 

be  at  a  temperature  of  40  to  60  degrees  C.  at  the  time  of  dip- 
ping. 

DIPPING 

Dip  in  an  oil-proof  and  moisture-proof  baking  and  insulat- 
ing varnish  at  approximately  the  following  specific  gravity.  If 
the  varnish  is  too  heavy,  thin  with  benzine. 

Specific  Gravity — 

0.850  at  15  degrees  C.  temperature  of  solution;  or 
0.846  at  20  degrees  C.  temperature  of  solution;  or 
0.843  at  25  degrees  C.  temperature  of  solution;  or 
0.840  at  30  degrees  C.  temperature  of  solution. 
Dip  armatures  in  the  varnish  in  a  vertical  position,  com- 
rnijtator  end  down  so  that  all  windings  are  totally  immersed. 
Allow  to    soak    until    all    signs   of  bubbling   cease    (20   to   30 
minutes). 

If  a  tank  is  not  available,  results  (though  not  so  good)  can 
be  obtained  by  turning  the  armature  at  intervals  of  20  to  30 
minutes  in  a  shallow  pan  with  the  varnish  deep  enough  that 
the  bottom  of  the  slots  will  be  completely  immersed.  If  this  is 
done,  the  insulated  creepage  surface  at  the  end  of  the  commu- 
tator should  be  treated  by  repeated  paintings  of  the  varnish, 
turn  until  all  the  coils  have  been  thoroughly  soaked. 


For  direct-current  machines,  the  field  coils  should  be  re- 
moved, dipped  and  baked  in  the  same  way  as  the  armatures. 

For  alternating-current  machines,  dip  the  frame  (the  brush 
holders  having  been  removed)  in  a  vertical  position,  rear  end 
down.  All  windings  and  connections  should  be  covered.  Al- 
low it  to  remain  in  the  varnish  until  all  bubbling  ceases.  Do 
not  immerse  brush  holder  pads  nor  arms, 

DRAINING 

Drain  at  room  temperature  until  all  dripping  ceases.  The 
apparatus  should  be  placed  in  such  a  position  that  pocketing 
will  not  occur. 

BAKING 

Place  armatures  in  vertical  position,  commutator  end  down 
in  an  oven  and  bake  at  125  degrees  C.  for  the  following  time: — 

Armatures   below   12   inches   diameter,   24   hours. 

Armatures  12  inches  to  30  inches  diameter,  36  hours. 

Armatures  .over  30  inches  diameter,  48  hours. 

If  the  rotor  is  baked  in  a  horizontal  position  it  should  be 
given  a  one-half  turn  every  15  to  20  minutes  during  the  first 
half  of  the  baking  period,  otherwise  the  varnish  will  drain  to- 
ward the  lower  side  and  throw  the  armature  out  of  balance. 


KIG.    2 — STEAM     HEATED    OVEN 

Used  in  a  shop  which  takes  care  of  200  motors. 

Place  the  frames  in  vertical  position,  pinion  end  down  in 
the  oven  and  bake  at  125  degree  C.  for  the  same  time  as  the 
corresponding  size  armature. 

Some  Don'ts  to  he  Observed— 

I — Do  not  use  matches ;  do  not  smoke ;  do  not  use  lighted 
torches,  electric  hoists  or  any  other  device  that  may  produce 
sparks  around  the  dipping  tank  as  the  varnish  is  inflammable. 

2 — If  steam  is  used  for  heating,  do  not  permit  the  steam 
to  escape  into  the  oven,  thereby  gjiving  the  apparatus  a  vapor 
bath.    This  is  worse  than  no  dipping. 

3 — Do  not  permit  the  temperature  to  exceed  130  degrees  C. 

4 — Do  not  rush  the  baking  period.  A  wet  motor  is  worse 
than  one  that  has  not  been  treated. 

Some  Precautions  to  be  Observed — 

I— Provide  for  ventilation  of  the  oven,  no  matter  how- 
small  it  is  made ;  provide  for  a  complete  change  of  air  in  the 
oven  once  every  hour;  holes  near  the  top  and  bottom  will 
usually  provide  natural  ventilation. 

2 — Provide  uniform  temperature  of  the  air  in  the  oyen. 
Place  thermometers  at  various  heights  in  the  oven  to  determine 
the  temperature, 

3 — Turn  armatures  frequently,  if  they  are  baked  hori- 
zontally, to  prevent  unbalancing. 
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1576 — Rei-.\y  Connections — Fig.  (a) 
shows  six  series  transformers,  located 
one  on  each  bushing  of  a  three-phase 
oil  switch.  Are  the  connections  cor- 
rect for  three-phase  relay  protection, 
and  can  current  in  each  phase  be  read 
correctly  with  the  four  different  posi- 
tions of  ammeter  switch?  The  posi- 
tions are  as  follows:— (t  2)  (2-3) 
Off-no  reading;  (1-4)  (.^i)  Reads 
phase  A;  (1-3)  (3-4)  '-^ads  phase 
B;    (1-2)    (3-4)   Reads  phase  C. 

E.G.S.   JR.    (tENN.) 

The  connections  shown  in  Fig.  (a) 
will  give  fairly  good  overload  protec- 
tion, but  there  is  the  disadvantage  of 
not  having  a  spare  relay  in  case  of  ac- 
cident. In  case  protection  against  re- 
versal of  power  is  desired,  it  will  not 
give  complete  protection,  as  there  is  one 
case  in  which  both  relays  may  refuse 
to  work.  This  may  occur  with  a  short- 
circuit  between  phases.  Then  the  phase 
angles  may  be  about  90  degrees,  and  on 


1914.  A  resistance  across  the  series 
field  would  not  help.  What  is  needed, 
is  a  widening  of  the  neutral  zone 
through  a  reduction  of  the  arma- 
ture   cross-magnetization     effect.     Vari- 


FIG.   1576  (a) 

account  of  low  power-factor,  the  torque 
will  be  so  low  that  the  operation  will 
not  be  satisfactory.  The  current  read- 
ings for  the  four  positions  of  the  am- . 
meter  switch  are  as  follows :—( 1-2) 
(2-3)  No  reading;  (1-4)  (2-3)  Phase 
A  is  indicated  under  all  conditions; 
(1-3)  (3-4)  Phase  B  is  indicated  when 
load  is  balanced  and  gives  an  approxi- 
mately correct  indication  with  load 
slightly  unbalanced;  (1-2)  (3-4)  Phase 
C  indicated  under  all  conditions. 

E.A.H. 

i577_Generator  Sparking— A  400  kw, 
230  volt,  compound  wound,  direct- 
current  generator,  the  commutator  of 
which  has  recently  been  turned,  seems 
to  operate  with  a  very  unbalanced 
field  flux,  and  intense  sparking  at  the 
brushes,  from  no  load  to  full  load,  or 
1600  amperes.  However,  with  shift- 
ing of  the  brushes  to  meet  load  con- 
ditions, the  commutation  is  perfect  on 
either  point  (no  load  or  full  load 
positions.)  Please  advise  if  my 
theory  of  a  shifting  neutral  is  correct, 
and  would  a  resistance  across  the 
series  field  help  conditions? 

D.F.Z.       (kANS.) 

Your  theory  of  a  shifting  neutral  is 
doubtless  correct.  Many  of  the  early 
machines  required  a  change  m  brush 
position  with  change  in  load.  For 
theory  of  brush  shifting  see  article  on 
"Armature  Reaction  in  Direct-Current 
Machines",    in    the    Journal    for    Jan. 


FIG.    1577(a) 

ous  schemes  have  been  invented  to  ac- 
complish this.  Two  of  the  most  simple 
and  effective  ways  are:— putting  a  very 
sharp  bevel  on  the  pole  horn ;  and  cut- 
ting a  notch  in  the  pole  just  above  the 
shoulders,  as  indicated  in  Fig.  (a).  A 
number  of  old  machines  have  been  im- 
proved by  the  application  of  these 
methods.  We  recommend  that  the 
manufacturer  of  the  machine  in  question 
be  consulted  before  any  attempt  at  im- 
provement is  made.  f.l.m. 

1578 — Re  ACTIVE- Factor  Mete  r  —  We 
have  a  no  volt,  five  ampere  three- 
phase,  60  cycle  reactive-factor  meter 
with  series  resistance  and  trans- 
formers to  check  up  one  500  kw  and 
two  300  kw  rotary  converters.  We 
only  run  the  500  kw  or  the  two  300 
kw  machines  at  one  time.  Could  I 
connect  the  meter  in  the  supply  main 
as  in  Fig.  (a)  or  would  I  have  to 
connect  it  in  the  converter  circuits? 
Also  would  two  shunt  transformers 
do  for  the  three  circuits  or  would  I 
■  have  to  have  two  for  each  circuit? 
Would  I  have  to  have  three  series 
transformers  one  for  each  circuit? 
The  rotary  converter  circuits  would 
be  very  disagreeable  to  change. 

W.T.F.     (PENNA.) 

When  machines  are  operating  in 
parallel,  the  reactive-factor  in  the  mains 
is  not  necessarily  the  saine  as  in  each 
machine;  thus  one  machine  may  have 
lagging  currents  and  another  have  lead- 
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FIG.    1578(a) 

ing  which  may  cancel  each  other  in  the 
supply  mains.  A  separate  instrument 
for  each  converter  is  thus  desirable. 
The  two  voltage  transformers  may, 
however,  be  operated  from  the  bus  as 
shown.  One  series  transformer  would 
be  required  for  each  rotary  converter. 

P.M. 

i579_Reconnecting  Induction  Motors 
—  (a)  We  have  a  three  horse-power, 
two-phase,    60    cycle,    no    volt,    1200 


r.p.m.     induction     motor,     having     48 
slots    and    48    coils.     The    coils    are 
made  up  of  No.   17  B  &  S  wire,  two 
coils  of  14  turns,  each  tied  in  parallel. 
This  being  a  two  layer  winding  makes 
28  conductors  per  slot.     48  -r-  2  =  24, 
24  X  28  ^  672  conductors  per  phase. 
This    motor's    insulation    broke    down 
and  had  to  be  rewound  and  we  desire 
to    make    it    three-phase, ,  four    pole, 
1800  r.p.m.  and  220  volts.  We  ordered 
the  coils   frorn  the  manufacturer  and 
they  sent  us  24  coils  made  up  of  No. 
16   B   &   S   with  32   turns.     How  was 
this   calculated?     (b)   If   a    four   pole 
induction   motor   with   a   lap   winding 
was    rewound    and   connected   with   a 
wave    winding,    could    the   voltage   be 
doubled   on   this    same   motor?     Does 
this    hold    good    on    any    number    of 
poles  on  an  induction  motor  the  same 
as  it  does  on  direct-current  in  regard 
to   voltage    with    these   two    styles    of 
winding,     (c)   If  a  six  pole  induction 
motor  wound   for  440  volts  and  con- 
nected   series    star   was   to   be    recon- 
nected    for     220    volts     with     a     two 
parallel  star  grouping  would  it  make 
any    difference    in    the    paralleling    if 
one  was  to  take  the  three  north  poles, 
that  is,  if  we  start  with  the  north  and 
skip  the  south,  pass  through  the  north 
and  skip  the  next  south  and  then  pass 
through  the  north  and  connect  to  the 
star,  and  then  do  same  with  the  three 
south  poles.     Or  would  it  be  better  to 
start  with  the  north  pole,  pass  through 
the   south   and   then   a   north,   rnaking 
a   north,   south,   north   in   one   side   of 
the  parallel  and  the  other  side  would 
have  south,  north  and  south? 

o.B.E.   (wash.) 

(a)   If  the  motor  be  thought  of  asan 
alternating-current      generator,      having 
practically  the  same  total  magnetic  field 
in  the  air-gap  at  all  times  and  this  field 
as   rotating  at   1200   r.p.m.   in   one  case 
and   1800  r.p.m.  in  the  other  case,  it  is 
evident  that,   cutting  the   same   number 
of  conductors,  it  would  generate  50  per- 
cent  more   voltage  at   1800   r.p.m.   as  at 
1200    r.p.m.      However,    this    generated 
voltage  or  counter  e.m.f.   need  only  be 
equal  to  the  line  voltage  in  either  case 
and  if  the  same  line  voltage  be  assumed 
it    is    evident    that    only    two-thirds    as 
many    conductors    will    be    required    at 
1800  r.p.m.  as  are  needed  at  1200  r.p.m. 
One  essential   fact  has  been  omitted  in 
giving  the  data,  viz :— the  pitch  or  throw 
of  the  coils  or  the  number  of  slots  be- 
tween the   two   sides  of  the  coil.     This 
is  necessary'  as  it  affects  the  generated 
voltage    differently    in    the    two    cases. 
This    is    called    "chord    factor"    and    is 
measured  by  the  sine  of  half  the_  elec- 
trical  angle   spanned  by  the  coil  if  the 
distance  from  the  center  of  north  pole 
to  the  center  of  south  pole  be  called  180 
degrees.     (See  article  on  "Reconnecting 
Induction  Motors"  by  Mr.  A.  M.  Dud- 
ley,   in    the    Journal    for    Feb.    '16). 
Assuming  that  each  coil  is_  exactly  180 
electrical    degrees   or   lies    in    slots    one 
and  nine,  makes  the  chord  factor  equal 
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one,  in  the  case  of  the  six  pole  connec- 
tion or  0.866  for  the  pole.     This  means 

that  — sZTor    MS   times   as   many   con- 
ductors   will   be   required   on   the   lour 
pole    connection    due    to    this     feature 
alone.     There    are    then,    the    following 
factors     to     be     considered.      First,     in 
changing   from    110  to   220   volts,   twice 
as    manv    conductors    will    be    required. 
Second,  in  changing  from  two  phase  to 
three    phase,    0.8    as    many    conductors 
will    be    required.     Third,    in    changing 
from   1200  to   1800  r.p.m.,  two-thirds  as 
manv    conductors    will    be    required,    as 
explained  above.     Fourth,  there  will  be 
1. 15  times  as  many  conductors  required 
on  account  of  the  "chording"  or  throw 
of  the  coils.     Since   there   were   a   total 
of  672   X   2  :=   1344  conductors   in  the 
first    place,    there    would    be     required 
1344  X  2  X  0.8  X  0.66  X  MS  —  1635 
total     conductors     lor     four     poles     or 
1635  -^  3  =  545  conductors  per  phase, 
which  approximates  the  512  conductors 
furnished   by    the    manufacturer    within 
six  percent  and  was  probably  the  near- 
est   stock    coil    available,     (b)   No,    this 
is  not  the  case  with  an  induction  motor. 
The  connection  of  the  pole  phase  groups 
reduces    the    lap    winding    to    the    same 
basis   as   a  wave  winding  and   the  con- 
ductors   are    equally    effective    in    both 
cases.     There   is    no    factor   of    two   to 
one   as    in   the    direct-current,     (c)   No, 
it    would    not    make    any    difference    in 
•what     order     the     poles     were     passed 
through    as    long   as    they   were    passed 
through    in     the     right     direction.     The 
article  in  the  February  '16  Journal  dis- 
cusses this  and  similar  problems. 

A.M.D. 

1580 — Relay  Reactance — Referring  to  a 
paper  by  Torchio  on  "Relays  for 
High-Tension  Lines"  of  March  9th, 
1917,  before  the  A.I.E.E.,  a  number 
of  the  meter  and  relay  diagrams  show 
a  reactance  connected  in  parallel  with 
the  I.T.L.  relay  coil;  what  is  the 
function  of  this  reactance  and  the 
theory  of  its  operation? 

J.M.     (CAL.) 

The  reactance  which  is  placed  in 
shunt  with  the  relay  is  an  iron  core 
reactor.  The  object  of  this  reactance 
is  to  limit  the  excessive  current  which 
can  pass  through  the  relay  due  to  the 
saturating  characteristic  of  the  reactor. 
This  prevents  chattering  of  the  relay 
and,  in  addition,  gives  the  relay  a  more 
definite  time  setting,  which  results  in  a 
time  characteristic  curve  very  much 
more  satisfactory  for  proper  selectivity 
on  series  connections.  p.t. 

1581 — Battery  Charging — Why  is  it 
that  when  charging  batteries  whose 
voltage  equals  nine-tenths  of  the 
voltage  of  the  generator  I  am  un- 
able to  use  the  series  field  winding? 
It  will  run  about  twenty  seconds,  then 
will  overload  and  kill  the  engine. 

J.B.R.    (MONT.) 

With  the  limited  information  given, 
the  only  conclusion  we  can  reach  is 
that  the  generator  is  probably  too  much 
over-compounded.  As  a  result  of  this, 
when  the  charging  of  the  battery  is  first 
commenced,  the  current  flowing  will  be 
of  a  certain  value.  However,  as  this 
charging  progresses,  the  temperature  of 
the  batterj-  is  increased  more  rapidly 
than  the  counter  e.m.f.  which  results  in 
a  lower  internal  resistance  of  the  bat- 
terj',  thereby  allowing  the  generator 
current  through  the  battery  to  increase. 


This  increase  in  current  increases  the 
generator  terminal  voltage  due  to  the 
compounding  of  the  series  coil.  This 
cycle  continues  until  the  current  flowing 
through  the  battery  and  the  load  on  the 
generator  are  greater  than  the  gas 
engine  can  carry,  resulting  in  killing 
the  engine.  a.m.C. 

1582— Synchronous  Motor— Generator 
Set— We  have  a  25  cycle,  three-phase, 
2300     volt,     300     r.p.m.     synchronous 
motor    direct    connected    to     a    two- 
phase,  60  cycle  generator.     Is   it  per- 
missible    to     restore    normal    voltage 
to    the    motor,    should    the    set    be    in 
parallel     operation     and     the     motor 
switch    open;     the    generator    switch 
being   closed,   and   the   unit   operating 
as    a   condenser,    the   field   circuits   of 
both   motor   and   generator   being   in- 
tact?    (b)   With    the    same    condition 
as  above,  is  it  permissible  to   restore 
the  motor   field,   should   it  open  acci- 
dentally or  otherwise,  the  motor  sup- 
ply    switch     being     closed,     and     the 
motor     operating     as     an     induction 
motor?     (c)   With   two   or  more   sets 
in   parallel   operation,   what  would   be 
the     effect,     should    the     field    circuit 
of    the    generator    open    and    be    im- 
mediately closed?         G.w.G.    (penna.) 
(a)   In   answering  this  question,  it  is 
necessary  to  assume  certain  conditions; 
it   may  be   assumed  that   the    frequency 
changer  set  was  previously  operating  in 
parallel  on  both  ends  with  one  or  more 
other  sets,  and  that  the  line  switch  of 
the  25  cycle  motor  was  then  opened  and 
the  60  cycle  generator  allowed  to  act  as 
a   condenser.     The   other   assumption   is 
that   the   60   cycle   machine   was   started 
from   rest,  by  the   self-starting  method 
or  by  a  separate  driving  motor,  and  was 
then    operated   as    a   condenser   without 
any   attention   having  been   paid   to   the 
25  cycle  end  of  the  set.     Under  the  con- 
ditions  of   this   latter   assumption,    it   is 
possible  that   the  60  cycle  machine  has 
been  synchronized  with  its  bus  in  such 
a   position   that   the    relation   of   the    25 
cycle  machine  to  its  bus  is  not  correct 
for  paralleling.     If  this  be  the  case,  the 
rotor    must    first    be    brought    to    the 
correct    position    in    the    usual    manner. 
(See  article   on   "Parallel   Operation   of 
Frequency  Changer  Sets",  by  Mr.  F.^D. 
Newbury  in  the  Journal  for  Nov.  '16, 
p.  542).     When  the  synchroscope  shows 
that   the    phase   difference   between    the 
voltage  of  the  25  cycle  machine  and  the 
voltage  of  the  25  cycle  bus  has  been  re- 
duced to  a  minimum,  the  conditions  are 
the  same  as  those  of  the  first  assump- 
tion—that is,  the  same  as  if  the  25  cycle 
machine  had  previously  been  paralleled 
and   had   later   been   disconnected   with- 
out   the    set    having    been    shut    down. 
Under      these      conditions      the      phase 
difference  between  the  25  cycle  voltages 
is  due  to  the  load  which  is  being  carried 
by  the  other  set  or  sets,  which  tie  to- 
gether the  25  cycle  and  60  cycle  systems. 
With  a  hczvy  load  on  these  other  sets 
there    are    fairly    large    phase    displace- 
ments   in     both     the     motors     and     the 
generators,     which     add     together     and 
which    manifest    themselves    in    a    total 
phase  displacement  between  the  25  cycle 
bus  voltage  and  the  voltage  of  the  un- 
loaded machine  which  is  to  be  paralleled 
with   it.     The   heavier   the   load   on   the 
other  sets,  the  greater  will  be  this  phase 
displacement.    In  any  case,  however,  the 
phase  difference  should  not  be  sufficient 
to    cause    trouble    when    the    switch    is 
closed.     In    fact,    this    phase    difference 


always  exists  when  a  loaded  set  and  an 
unloaded  set  are  to  be  paralleled,  (b) 
It  is  permissible  to  close  the  motor  field 
circuit  while  the  machine  is  operating 
as  an  induction  motor,  although  fairly 
heavy  rush  of  current  can  be  expected. 
The  value  of  this  current  can  be  re- 
duced by  lowering  the  voltage  applied 
to  the  motor  before  the  field  circuit  is 
closed.  It  must  be  understood  that  the 
accidental  opening  of  the  shunt  field 
circuit  does  not  necessarily  imply  that 
the  motor  has  fallen  out  of  step.  If 
the  set  be  operating  in  parallel  with 
other  sets,  it  will  simply  drop  part  of 
its  load,  but  will  continue  to  operate  at 
synchronous  speed.  Closing  the  field 
circuit  will  cause  it  to  pick  up  its  load, 
(c)  When  the  set  is  operating  in  paral- 
lel with  one  or  more  sets,  the  opening 
of  the  generator  field  circuit  causes  the 
energy  load  of  that  set  to  be  reduced, 
although  the  k.v.a.  of  the  generator  may 
be  increased.  When  the  field  circuit  is 
closed  normal  conditions  are  restored. 

Q.G. 

1583 — Balancing  Gas  Engine  Fly- 
wheel— I  have  a  single  cylinder, 
single  acting,  two  cycle,  vertical  gas 
engine  having  two  flywheels  placed 
outside  of  the  main  bearings  and 
equidistant  from  the  crank.  It  has  a 
throttling  governor,  thereby  causing 
some  explosive  action  to  take  place 
every  revolution.  1  desire  to  balance 
this  engine  by  placing  counterbalance 
weights  on  the  flywheels.  I  have 
tried  making  the  moment  of  these 
weights  equal  to  three-fourths  of  the 
moment  of  the.  combined  weight  of 
the  piston,  wrist  pin,  connecting  rod, 
and  crank  pin,  as  recommended  by  a 
handbook.  This  however,  did  not 
produce  very  satisfactory  results,  as 
the  engine  vibrates  considerably. 
Please  give  me  the  proper  formula 
for  figuring  these  weights. 

H.w.A.  (mo.) 
If  there  are  no  counterbalances  inside 
the  crank  case,  which  is  very  unlikely, 
the  above  formula  is  fairly  good.  It 
gives  as  good  vertical  balance  as  pos- 
sible. The  nature  of  the  support  often 
makes  horizontal  balance  more  im- 
portant. It  is  secured  by  making  the 
moment  equal  to  that  of  the  crank  pin 
-j-  cheek  +  three-fourths  of  the  con- 
necting rod.  AT.K. 

1584 — Heating  of  Soldered  Joint  — 
Considering  a  soldered  ioint  as  shown 
in  Fig.  (a)  of  1600  ampere  capacity 
on  a  200  ampere  per  square  inch  rat- 
ing, under  a  short-circuit  conditions  of 
say  60000  ampere  for  0.2  second.  Will 
the  solder  melt?  Please  give  formula 
to  compute  the  time  required,  or  the 
value  that  the  current  must  attain,  be- 


2  Inches  — 

FIG.  is84(a) 

fore  solder  will  melt.  .\ssuming 
solder  does  melt  under  any  given  con- 
dition, will  it,  on  solidifying,  make  any 
change  in  the  ampere  per  square  inch 
rating  of  the  joint,  i.e.,  what  is  con- 
sidered good  practice  in  such  an  in- 
stance? C.F.P.  (ONTARIO) 
Assume  dimensions  as  shown  in  Fig. 

(a)  and  let  H  —  0-24  PRT  in  calories. 

/  =  current  flowing  in  amperes-     R  = 


I40 

resistance  of  material  in  ohms.  T  =: 
time  in  seconds. 

ply,  0.00000/ 

^-- A 

Where     A   ■=  area    in    sq.    cms.     = 

(  —  )  X  6.45  =  Si-6  sq.  cms.  /  = 
length  in  cm?.  =  01 59,  p  =  microlims 
per  cu.  cm.  =  18.75  foi"  solder,  R  =  re- 
sistance in  ohms.  One  microhm  = 
0.000001  ohm.  Let  5"  =^  specific  heat 
of  solder  =  0.041  approximately  and  G 
=  weight  of  solder  in  grams  =:  volume 
in  cubic  inches  X  148.4.  Then  temper- 
ature rise  in  degrees,  C  = 

w  X  5 


Volume 


(ir/.J7i-        7r/..?5-\ 


''"■375'        ' 

— T~    ^76"  '^•-^9^.5  <"«■  '" 

Therefore  G  =  88  grams.  In  the 
problem  given,  /  =  60000  and  T  =  0-2 
second.     Then  Degrees  C.  rise  := 

0.24  X  60  OOP"  X  i^.7S  X  0.159  X  0.000001  >■  0.2  _  ,  _ . 
SI.''  X  0.041  X  **' 
As  the  melting  point  of  solder  is  ap- 
proximately 188  degrees  C.  the  solder 
will  not  melt  with  a  short-circuit  of  60 
000  amperes  for  0.2  second.  To  obtain 
the  length  of  time  required  to  melt  the 
solder — Assume  an  initial  temperature 
of  23  degrees  C. 

_  Dtsrtees  rise  X  a  X  G  X  A  _ 
^  0.24  r-  X  p  X  IX  o.oooooi   ~ 

165  X  0.041  X  f<S  X  5/ .6 

0.24  X  60  000"  X  iS.jsX  0.159  X  o.oooooi 
=  12  seconds 

As  most  protective  apparatus  in  selec- 
tive systems  is  set  for  a  maximum  time 
of  short-circuit  of  approximately  two 
to  four  seconds  it  is  seen  that  the  solder 
would  not  melt  in  practice.  The  above 
is  entirely  theoretical  and  does  not  as- 
sume any  heat  transfer  from  the  solder 
which  if  considered  would  make  the 
temperature  still  less  for  a  given  time  of 
passing  of  a  given  current.  If  the  solder 
should  melt,  the  position  of  the  terminal 
would  determine  whether  or  not  the  cur- 
rent capacity  of  the  joint  had  been  de- 
creased after  the  solder  had  solidified. 
If  the  position  is  such  that  the  solder  all 
remains  in  the  lug,  the  amperes  per 
square  inch  rating  of  the  joint  would  not 
be  changed  after  solidification  of  the 
solder.  s.g.l. 

1585 — Parallel  Operation  of  Alter- 
nators— We  are  at  present  operating 
twelve  60  cycle,  2300  volt  alternators 
in  parallel,  direct-connected  to  Diesel 
oil  engines.  We  desire  to  increase 
the  output  of  the  plant.  Having  a 
steam  turbine  on  hand,  it  was  thought 
possible  to  parallel  it  with  the  Diesel 
plant.  Can  this  be  done  with  a  vary- 
ing load?  We  are  operating  an  elec- 
tric railway  system,  in  addition  to 
supplying  power  to  motors  on  hy- 
draulic mining,  which  cause  a  very 
fluctuating  load.  We  have  tried  in 
the  past  to  synchronize  our  other 
plant  operating  reciprocating  steam 
engines  with  this  Diesel  plant  but 
when  the  load  came  on  the  steam 
plant  would  try  to  take  it  all  and 
would  knock  off  the  board.  The  in- 
herent nature  of  the  Diesel  engine  is 
to  be  sluggish  in  handling  .  these 
fluctuating  loads  paralleled  with  a 
prime  mover  with  closer  regulation, 
and  I  contend  that  we  would  have 
still  greater  trouble  trying  to  keep 
this  turbogenerator  on  the  board  than 
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we  did  with  the  reciprocating  engines, 
inasmuch  as  the  turbine  would  be 
more  sensitive  to  trying  to  run  away 
with  the  load.  h.p.b.    (fla.) 

Diesel  engine-driven  and  steam  tur- 
bine-driven units  will  operate  satis- 
factorily in  parallel,  if  the  speed  regu- 
lation of  the  steam  turbine  from  no 
load  to  full  load  is  made  the  same  as 
that  of  the  Diesel  engine.  To  accom- 
plish this  may  mean  cutting  off  one  or 
two   turns   from  the  governpr  spring. 

S.L.H. 

1586 — 440  Volt  vs.  220  Volt  Dis- 
tribution Systems — What  are  the 
objections  to  the  use  of  440  volts, 
three  phase,  60  cycles  in  a  factory 
system  over  a  220  volt  system?  Is 
the  voltage  considered  too  high? 
Are  these  systems  being  replaced  by 
220  volts?  a.h.a.   (ill.) 

The  use  of  220  volts  is  more  general 
than  the  higher  value  as  evidenced  by 
the  sale  of  industrial  motors.  Probably 
80  percent  of  these  are  built  for  220 
volt  circuits.  440  volts  would  be  com- 
parable to  a  500  volts  direct-current, 
which  is  rarely  used  in  industrial  plants. 
The  higher  voltage  has  the  advantage 
from  a  distribution  view  point  but  is 
not  generally  used  due  to  objection  to 
the   higher  potential.  f.c.h. 

1587 — Maximum  C.\ble  Sizes — What  is 
the  maximum  size  of  three-conductor 
lead  covered  cable  advisable  for  use 
in  a  2300  volt  underground  distribut- 
ing system.  300000  circ.  mils  has 
been  suggested  as  an  upper  limit. 

M.J.I.   (d.C.) 

The  size  of  cable  is  usually  governed 
by  local  conditions  rather  than  by 
general  technical  considerations.  For 
60  cycle  installations  the  size  of  three- 
conductor  cable  is  economically  limited 
to  about  300000  circ.  mils  or  sometimes 
as  large  as  about  500006  circ.  mils. 
The  additional  limitation  at  60  cycles 
is  due  to  the  reactance  becoming  of 
importance  in  the  larger  sizes  and  to 
increase  of  skin  effect.  Both  of  these 
factors  are  of  small  importance  with 
the  smaller  size  mentioned,  and  are  of 
appreciable  importance  in  the  case  of 
the  larger  size.  Under  any  condition, 
the  amount  of  copper  required  for  a 
given  carrying  capacity  is  considerably 
less  with  a  greater  number  of  smaller 
cross-section  cables.  For  instance,  two 
cables  of  250000  circ.  mils  each  will 
carry  from  10  to  30  percent  more  cur- 
rent than  will  one  500000  circ.  mil  cable 
under  the  same  conditions  of  installa- 
tion. The  conditions  of  installation 
will  also  govern  the  relative  carrying 
capacities.  The  larger  increase  is  under 
conditions  favorable  to  carrying  capac- 
ity, that  is  where  there  is  little  rise  in 
temperature  of  the  surroundings,  due 
to  the  heat  of  the  cable.  Cables  as 
large  or  larger  than  750000  circ.  mils, 
three  conductor,  have  been  made,  but  a 
very  small  percentage  of  the  three  con- 
ductor cable  manufactured  is  of  larger 
size  than  250000  to  350000  circ.  mils. 
This  latter  data  illustrates  the  present 
general  commercial  result  of  the  various 
factors  which  affect  the  size  of_  cable 
actually  used.  Another  example  is  that 
one  very  large  operating  company  does 
not  use  cable  larger  than  0000,  three 
conductor  cables  even  in  very  large 
duct  systems.  r.w.a. 

1588— Rotary  Converter — I  have  a  one 
kw,   four-pole,   compound  wound,   1 10 


volt,  750  r.p.m.  direct-current  gener- 
ator for  charging  storage  batteries. 
It  is  driven  from  an  engine.  This 
generator  has  only  two  brushes.  Can 
I  install  two  slip  rings  and  connect 
them  at  opposite  joints  on  the  com- 
mutator and  operate  this  machine  as 
a  single-phase  rotary  converter.  Of 
course  I  understand  that  it  will  in- 
crease the  speed  to  about  1800  r.p.m. 
Now  will  the  increase  in  voltage  due 
to  the  increase  in  speed,  effect  the 
armature?  .'Mso  at  what  voltage 
(approximately)  should  the  supply 
current  be  applied?  The  commutator 
of  the  generator  is  unusually  large 
and  has  exceptionally  heavy  seg- 
ments so  I  do  not  think  I  will  have 
any  trouble   from  that  source. 

J.B.R.    (mont.) 

It  will  probable  be  impracticable  to 
operate  this  machine  as  a  60  cycle 
converter.  The  average  direct-current 
generator  of  this  size  and  capacity  can- 
not be  operated  safely  at  iSoo  r.p.m. 
From  a  purely  electrical  standpoint,  it 
would  be  possible  to  tap  the  armature 
at  two  diametrically  opposite  points  as 
suggested  and  operate  the  machine  as  a 
single  phase  converter,  though  the 
operation  might  not  be  satisfactoo'-  A. 
single-phase  converter  is  none  too  stable 
at  best,  and  when  operated  without  a 
damper  winding  its  instability  is  more 
pronounced.  Moreover,  in  order  to 
keep  the  iron  losses  within  reasonable 
limits  at  the  higher  speed,  it  would  be 
necessary  to  reduce  the  flux  density  and 
at  1800  r.p.m.,  the  direct-current  voltage 
would  be  132  which  would  require 
about  95  volts  on  the  slip  rings.  The 
permissible  current  output  would  be  re- 
duced considerably,  probably  to  60  or 
70  percent  of  its  former  value,  on  ac- 
count of  the  high  copper  loss  which 
occurs  in  the  armature  of  a  single-phase 
converter.  One  other  drawback  is  that 
the  machine  could  not  be  started  from 
the  alternating-current  side,  but  would 
have  to  be  started  from  the  direct-cur- 
rent side,  if  direct-current  power  were 
available,  or  by  some  external  means. 
The  main  objection  to  its  operation  as 
a  60  cycle  converter,  however,  is  the 
necessary  speed  of  1800  r.p.m.  which  is 
probably  unsafe  for  the  machine. 

Q.G. 

1589 — Rotary  Contorters — (a)  What 
is  the  relative  output  rating  of  (l) 
a  direct-current  generator  _  (2)  a 
three-phase  converter  (3)  a  six-phase 
converter?  Assuming  the  same  frame 
size  and  speed  in  all  cases,  (b)  Is  it 
possible  to  get  a  voltage  range  of  70, 
100  and  140  percent  volts  on  a  booster 

Magnet  Ring  ^^  Magnet  Ring        5 

for  Boosting 
or  Bucking  the 
Alternating -Current 
Voluge 

QQD 

sup  Rings 

FIG.  1589  (a) 

converter?  That  is  if  the  direct- 
current  voltage  with  the  alternating- 
current  rotor  not  excited  is  lOO,  can 
70  and  140  volts  direct-current  be  ob- 
tained by  exciting  the  alternating- 
current  end  to  buck  and  boost  the 
direct-current  rotor?  If  this  range 
in  voltage  cannot  be  obtained,  then 
what  arc  the  percentage  limits?  (c) 
How  does  the  voltage  range  desired' 
on  a  booster  converter  influence  the 
cost?     Assuming  the  case  of  a  direct- 
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current  voltage  range  oi  70,  100  and 
140  volts,  what  would  be  the  compara- 
tive cost  of  such  a  machine  compared 
with  a  direct-current  generator  of 
equal  speed  and  output?  (d)  Is  it 
necessary  to  use  two  separate  rotors 
on  a  booster  converter  Would  it 
not  be  equally  as  eflfective  to  use  a 
common  rotor  excited  by  two  sets  of 
magnets,  as  shown  in  Fig.   (a)  ? 

L.T.W.    (mo.) 

(a)  Basing  the  relative  output  of  a 
direct-current  generator  and  rotary  con- 
verter on  the  heating  of  the  armature 
and  assuming  100  percent  power-factor 
operation  of  converter,  the  direct-cur- 
rent generator  would  have  approxi- 
mately 75  percent  of  the  capacity  ob- 
tainable as  a  three-phase  converter,  and 
52  percent  of  the  capacity  obtainable  as 
a  six-phase  converter,  (b)  Due  to  the 
increased  armature  heating,  as  well  as 
the  effect  on  commutation  of  changed 
armature  reaction,  it  is  not  customary 
to  design  booster  converters  for  a 
larger  range  than  15  percent  voltage 
variation  either  side  of  the  normal  volt- 
age obtained  with  a  given  transformer 
tap.     The  larger  range  can  be  obtained 


by  additional  transformer  taps,  al- 
though special  provision  is  necessary  in 
the  design  of  such  a  unit  to  take  care 
of  the  field  excitation  margin,  and  un- 
usual iron  densities  at  the  e.Ktrcme 
(boost)  voltage  condition,  as  well  as 
the  commutation  characteristics.  (c) 
No  fixed  ratio  can  be  given  for  com- 
paring costs  of  straight  converters  and 
booster  converters.  In  general,  it  might 
be  assumed  that  twice  the  percentage 
of  voltage  range  of  the  booster  machine 
added  to  the  cost  of  the  straight  con- 
verter would  be  an  approximate  value. 
For  instance,  if  a  straight  converter 
of  given  characteristics  cost  $1000,  a 
booster  converter  of  similar  character- 
istics good  for  10  percent  voltage  varia- 
tion would  cost,  roughly,  20  percent 
more,  or  $1200.  The  comparison  of 
converter  and  direct-current  generator 
costs  varies  so  widely,  due  to  character- 
istics, type  of  service,  etc.,  that  no 
approximate  cost  figure  could  be  given, 
(d)  Separate  rotors  are  essential  in  a 
booster  converter.  The  scheme  shown 
in  Fig.  (a),  covering  a  single  rotor  with 
two  separate  fields,  would  vary  only  the 
power-factor  without  affecting  the  volt- 


age of  the  machine.  The  reason  for 
this  may  be  better  understood  by  con- 
sidering that  in  a  straight  rotary  con- 
verter a  fixed  ratio  exists  between  the 
alternating-current  and  the  direct-cur- 
rent voltages,  and  that  no  change  in 
field  amperc-lnrns  can  alter  this  ratio. 
In  this  particular  instance  it  may  be 
considered  that  the  two  fields  shown 
side  by  side  are  superimposed  on  each 
other,  forming  a  definite  flu.x  density  in 
the  air-gap  due  to  their  combined  action. 
As  no  change  in  field  ampere-turns  can 
vary  this  air-gap  density,  a  common 
rotor,  therefore,  excited  by  two  sets  of 
magnets  would  not  be  effective  in 
changing  the  voltage,  because  any 
change  in  the  excitation  of  the  regulat- 
ing poles  would  simply  be  neutralized 
by  an  opposite  change  in  the  magnetiz- 
ing effect  of  the  armature  winding. 
The  alternating-current  voltage  can  be 
changed  by  changing  the  booster  excita- 
tion with  a  separate  booster  only,  be- 
cause the  booster  armature  is  connected 
in  series  with  the  circuit,  and  there  is 
no  opportunity  for  the  armature  mag- 
netizing effect  to  change  when  the  ex- 
citation is  changed.  r.h.n. 


Star-Delta  Starting  of  Small  Induction 

Motors 

Small  induction  motors  can  be  started  by  direct  connection 
to  full-line  potential.  With  motors  of  larger  size,  where  the 
starting  current  under  such  condition  is  objectionable,  and 
where  an  autostarter  is   undesirable,  the  motor  can  be  started 


B  C 

FIG.    I — CONNECTION    DIAGRAM 


with  the  effect  of  a  low  voltage  by  bringing  out  six  leads  from 
the  windings  to  a  special  star-delta  starting  switch.     The  con- 


no.   2 — STAR-DELTA    STARTING    SWITCH 

nections  for  sueh  a  starting  scheme  are  shown  in  Fig.  i  and  a 
suitable  switch  for  this  method  of  starting  is  shown  in  Fig.  2. 
The  initial  position  gives  a  star  connection,  while  the  final   or 


running  connection  is  in  delta.     This  has  the  effect  of  putting 
on  the  motor  at  start  about  58  percent  of  full  voltage  and  con- 


sequently reducing  the  starting  torque  to 


(,T?)' 


or  one  third 


its  normal  value  on  full  voltage.  For  this  reason  the  useful- 
ness of  this  sclieme  is  limited  to  cases  where  this  low  starting 
torque  is  sufficient  to  that  of  the  load.  Where  a  higher  starting 
torque  is  required  the  usual  autotrausformer  starter  should  be 
used. 


Viscosity 

The  viscosity  of  an  oil  is  a  measure  of  its  fluidity.  In  most 
cases  it  is  desirable  to  have  the  viscosity  as  low  as  possible 
without  introducing  other  undesirable  characteristics.  For  ex- 
ample, in  a  bearing  oil  low  viscosity  means  low  internal  fric- 
tion and  consequently  a  low  degree  of  heating  of  the  bearing. 
As  is  so  frequently  the  case  in  engineering  problems,  however, 
there  is  a  conflicting  tendency.  The  oil  must  have  sufficient 
body  or  weight  to  keep  the  bearing  surfaces  apart ;  and  a  heavy 
oil  has  a  high  viscosity,  that  is  it  does  not  flow  readily.  In 
practically  all  cases  therefore  a  compromise  must  be  effected. 
The  range  of  oil  which  is  best  suited  to  any  particular  purpose 
is  frequently  not  very  wide,  and  in  any  case  uniformity  of  pro- 
duct is  always  desirable — hence  the  necessity  for  some  means  of 
accurately   measuring  the   relative   viscosity  of  different  oils. 

The  viscosity  of  oil  is  usually  measured  in  the  United 
States  by  means  of  the  Saybolt  viscosimeter,  a  form  of  which 
is  illustrated  in  Fig.  i.  This  instrument  is  based  on  the  principle 
that  the  relative  fluidity  or  viscosity  of  oil  samples  is  indicated 
by  the  time  required  for  a  standard  quantity  to  pass  through  a 
standard  small  orifice  under  equal  pressure  and  temperature 
conditions.  The  essential  element  of  this  instrument  is  a  tube 
having  a  restricted  orifice  as  shown  in  Fig.  2  through  which  the 
oil  is  required  to  pass.  The  viscosity  of  an  oil,  as  expressed  in 
seconds  represents  the  time  required  for  60  cubic  centimeters  to 
pass  through  the  standard  orifice  at  standard  temperature. 

The  viscosity  of  any  oil  varies  greatly  with  its  temperature, 
as  is  shown  in  Fig.  3  for  a  typical  sample  of  modern,  high- 
grade  transformer  oil.  Hence  it  is  necessary  that  the  viscosity 
be  measured  at  a  specified  temperature,  which  in  general  should 
correspond  as  closely  as  possible  to  the  temperature  at  which 
it  is  to  be  used.     This  in  turn  requires  a  means  for  maintaining 
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the    sample    of   oil 


const.-dU    predetermined    temperature, 


FIG.  I— STANDARD  SAYBOLT  UNIVERSAL  VISCOSIMETER 
For  testing  cylinder,  valve  and  similar  oils  with  the  bath  at  212 
degrees  F.  and  the  oil  at  210  degrees  F  ;  or  lighter  oils  at  any  tem- 
perature up  to  212  degrees  F.  The  instrument  as  shown  is  equipped 
with  electric  heating  element,  with  gas  heating  burner  and  with  U- 
tube  for  steam  heating.* 

which  in  the  standard  Saybolt  viscosimeter  is  accomplished  by 
immersing  the   tube   in   an   oil   bath   which   can   be   artificially 

*Cut  furnished  by  Eimer  &  Amend. 


heated,  usually  for  convenience  by  means  of  an  electric  heater. 
The  temperature  generally  adopted  for  viscosity  tests  on  lubri- 
cating or  transformer  oils  is  40  degrees  C. 

In  using  the  Saybolt  viscosimeter  the  bottom  of  the  tube 
shown  in  Fig.  2  is  first  corked  and  the  upper  part  of  the  tube  is 
then  filled  with  the  oil.  The  air  pressure  in  the  lower  part  pre- 
vents the   oil   from  passing  through  the  orifice.     The  oil  bath 
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3 — VARIATION    OF    VISCOSITY 
WITH    TEMPERATURE 


and  the  oil  sample  are  then  brought  to  the  standard  temper- 
ature as  measured  by  thermometers.  When  the  correct  temper- 
ature has  been  attained  the  cork  is  withdrawn  by  suitable 
means,  such  as  the  loop  of  wire  shown  hanging  in  Fig.  i,  and 
the  time  required  for  exactly  60  cubic  centimeters  of  the  oil 
to  flow  into  the  flask  is  measured  with  a  stop  watch. 

Dean  Harvey 


"Circle  T"  Safety  Service  ffl 

EXTERNALLY  OPERATED  KNIFE  SWITCHES 


"Safety  Service"  Knife  Switches  can  be 
operated  safely  by  any  kind  of  inexperi- 
enced labor.  No  danger  of  shock  in  renevsr- 
ing  fuses  or  in  opening  and  closing  switch . 


Catch  prevents  switch  from  being  connected  until 
cover  is  closei! 


"SAFETY  SERVICE"  FEATURES 

1.  Box  cannot  be  opened  until  Switch  is  disconnected. 

2.  Switch  cannot  be  connected  until  Box  is  closed. 
Hence  it  is  always  impossible  at  any  time  to  come  in  touch  with  a  live  closed  Switch. 

.r,»v,»T,o,  Send  for  our  ''Safety  Service'  Bullciin. 
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Any  device    or    combination    of    de- 
The     •         vices   which    will    prevent   the   flash- 
Flash  ing-over     of     direct-current     railway 
Suppressor        generators  when  subjected  to  severe 
short-circuits  may  truly  be  considered  a   marked  ad- 
vancement in  the  electrical  art.     For  years,  engineers 
have  striven  to  obtain  this  result,  but  without  success, 
until  finally  it  has  become  generally  considered  that  all 
railway  generators   will    flash   over   if   subjected    to   a 
severe  enough  short-circuit. 

Various  improvements  have  been  made  from  time 
to  time  in  the  inherent  commutation  characteristics  of 
direct-current  generators,  the  most  notable  of  which 
were  the  introduction  of  commutating  poles  and  the 
neutralization  of  the  effect  of  the  armature  current  on 
the  main  field  by  the  introduction  of  conductors  con- 
nected in  series  with  the  armature  and  located  in  the 
main  pole  faces.  Arc  barriers  on  the  commutators 
have  also  proved  of  value,  but  up  until  the  present 
time  no  railway  equipments  could  be  said  to  be 
immune  from  flashing. 

As  higher  voltages  have  come  into  use,  the  dan- 
gers to  attendants  and  to  apparatus  due  to  flashing 
have  increased  greatly,  and  the  absolute  necessity  of 
some  device  which  will  truly  prevent  flashing  has  be- 
come quite  evident.  All  existing  devices  have  been  in 
the  nature  of  auxiliaries,  operating  externally,  and 
tending  to  reduce  the  intensity  and  damage  of  the 
short-circuit.  The  flash  suppressor,  described  in  this 
issue  of  the  Journal  by  Messrs.  Storer  and  Hague, 
may  be  said  to  operate  internally,  not  externally.  It 
suppresses  instantly  the  underlying  causes  of  flashing, 
namely,  high  brush  currents  and  high  voltages  between 
adjacent  commutator  bars.  These  factors  cannot  ex- 
ist, or  be  maintained  simultaneously  with  an  interna! 
short-circuit,  such  as  is  produced  by  the  flash  suppres- 
sor described.  Hence,  it  can  be  said  that  this  arc  sup- 
pressor attacks,  for  the  first  time,  the  source  of  flash- 
ing, and  therein  lies  the  assurance  that  the  "Suppressor 
will  suppress."  David  Hall 

The  virtue  in  a  reactance  coil,  when 
The  Mutual      yggj  ^^  g^^  3  ^^^^  jj^^;^  ^^  ^j^^  f^^^  ^^ 

Forces  between   current,    lies    in    its    magnetic    field. 
Keactance        When  trouble  comes  and  a  large  part 
*"  *  of    the    impedance    of    the    circuit 

is  cut  out,  as  at  times  of  short-circuit,  this  field  comes 
to  the  rescue  with  a  counter  e.m.f.  which  chokes  back 
the  tremendous  current  which  would  otherwise  flow. 
This  is  the  commendable  side  of  the  behaviour  of  a 
current-limiting  reactor. 

If  this  magnetic  field,  however,  happens  to  come 
within  the  range  of  influence  of  another  field  of  the 
same  sort,  both  reactors  develop  a  tendency  to  move 
either  toward  each  other  or  away  from  each  other  de- 


pending upon  how  they  are  connected  in  the  circuit. 
This  tendency  can  become  great  enough  to  have  ser- 
ious results  when  a  short-circuit  occurs,  if  the  coils 
are  located  too  close  together.  So  it  behooves  the 
user  of  current-limiting  reactors  to  know  something 
about  the  magnitude  of  this  tendency,  which  is  one  of 
the  less  commendable  attributes  of  the  magnetic  field. 

The  mutual  forces  between  coils  depend  upon  the 
current  flow  in  the  coils  and  the  number  of  lines  of 
force  from  one  coil  which  thread  through  the  other  coil, 
i.  e.  the  mutual  inductance.  The  magnitudes  of  the 
forces  can,  therefore,  be  calculated  and  expressed  in 
pounds.  Mr.  H.  B.  Dwight  has  developed,  in  this  issue 
of  the  Journal,  a  very  interesting  set  of  formulae  to 
calculate  the  mutual  forces  between  coils  when  installed 
one  above  another  with  a  common  axis. 

In  the  example  given  involving  the  forces  of  repul- 
sion acting  on  the  end  coils  of  a  group  of  three,  the 
average  force  on  each  end  coil  is  approximately  19 
pounds  with  a  current  of  500  amperes.  Assuming  the 
coils  to  be  connected  in  an  11  000  volt,  three-phase,  25 
cycle  system  large  enough  to  ignore  the  impedance  of 
the  generators  themselves,  the  current  through  the  coils 
with  a  complete  three-phase  short-circuit  would  be  9000 
amperes  and  the  average  force  of  repulsion  between  the 
end  coils  would  become  approximately  6300  pounds. 
In  an  actual  installation,  the  forces  would  be  less  be- 
cause the  coils  would  be  spaced  further  apart. 

A  very  interesting  feature  of  Mr.  Dwight's  article 
is  the  close  agreement  between  the  calculations  and 
tests  actually  made  on  a  coil.  W.  M.  Dann 


As  pointed  out  by  Mr.  R.  N.  Ehrhart 
What  Would  jj^  jjjig  jggyg  ^f  ^j^^  J Q u R N A L,  Jamcs 
ait  I  ninK  .  Watt's  first  engine  used  steam  at  very 
little  if  any  above  atmospheric  pressure.  In  these  days 
of  coal  conservation,  this  fact  is  well  worth  remember- 
ing. The  sky  lines  of  our  industrial  centers  are  pierced 
by  numerous  jets  of  white  vapor  which  represent  wast- 
age of  steam  at  least  as  good  as  was  available  to  Watt 
in  his  initial  experiments.  It  is  doubtful  whether  this 
famous  engineer  would  have  any  great  degree  of  ad- 
miration for  some  of  our  "improvements"  over  his  early 
designs. 

Of  course  it  is  impracticable  to  apply  condensers 
to  steam  locomotives  or  to  all  stationery  plants.  Never- 
theless, the  steam  exhausted  at  atmospheric  pressure 
contains  as  much  energy  which  can  be  made  available 
as  is  developed  by  it  in  expanding  to  atmospheric 
pressure.  Even  an  elementary  consideration  of  the 
principles  involved  emphasizes  the  desirability  of  burn- 
ing coal  for  power  purposes  in  the  largest  and  most 
efficient  generating  stations  only.  The  sooner  this  re- 
sult can  be  generally  brought  about,  the  sooner  can  coal 
conservation  become  truly  effective.     Chas.  R.  Riker 
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N.  W,  Storer 

THE  GREATEST  DIFFICULTIES  connected 
with  supi)lying  direct  current  power  for  railway 
purposes  have  always  been  in  the  coninnitation 
of  the  generators  or  rotary  converters  during  the 
short-circuits  which  are  apparently  inherent  to  this 
class  of  service,  and  in  the  circuit  breakers  for  inter- 
rupting the  current.  Time  and  experience  have 
worked  wonders  in  overcoming  these  difficulties  with 
the  standard  600  volt  railways,  and  the  modern  gener- 
ator with  compensating  winding  and  commutating 
poles  is  a  remarkably  rugged  and  serviceable  machine. 
It  will  widistand  high  momentary  overloads  without 
injury  and  nothing  but  the  most  abnormal  short-cir- 
cuit on  the  line  will  cause  what  is  known  as  a  flash- 
over.  The  standard  switchboard  circuit  breaker  has 
kept  pace  with  the  generator  in  elTectiveness. 

The  increasing  use  of  direct  current  at  higher  and 
higher  voltages  has  called  attention  to  the  fact  that  the 
problem  of  commutation  on  excessive  overloads  is 
still  with  us.  It  increases  in  magnitude  as  the  voltage 
rises,  for  two  very  good  reasons; — first,  it  is  difficult, 
if  not  impossible,  to  obtain  as  good  commutation  as 
with  the  lower  voltages,  and  second,  a  short-circuit  on 
the  line  usually  gives  a  much  greater  overload,  becau,se 
the  line  resistance,  especially  near  the  station,  is  not 
increased  in  proportion  to  the  voltage.  The  result 
has  been  that  in  practically  all  the  heavy  installations 
from  1200  volts  up,  flashing  has  been  much  more  pre- 
valent than  with  the  average  600  volt  station,  while 
in  stations  for  2400  and  3000  volts,  it  has  been  so  ser- 
ious as  to  threaten  the  success  of  the  entire  installa- 
tion. Fortunately,  it  has  been  possible  by  some  means 
to  alleviate  the  trouble  either  by  tapping  in  feeders  at  a 
distance  from  the  substation,  which  introduces  a  per- 
manent resistance  in  the  circuit,  or  by  the  use  of  other 
even  more  drastic  remedies. 

A  number  of  important  features  enter  into  a  con- 
sideration of  this  problem,  prominent  among  which  are 
the  nature  and  cause  of  flashing  and  the  time  element 
involved.  Flashing  is  the  phenomenon  ensuing  when 
the  commutator  becomes  enveloped  and  short-circuited 
by  a  conducting  flame  reaching  from  brush  to  brush  or 
from  brush  to  ground.  It  is  primarily  the  result  of 
the  machine's  effort  to  free  itself  from  delivering  a 
load  beyond  its  limiting  capacity,  and  may  be  initiated 
by  a  number  of  causes. 

The  voltage  and  current  relations  of  a  generator 
under  extreme  overload  conditions,  are  shown  in  Figs. 
I,  2  and  3  for  two  typical  cases  on  a  non-compensated 
commutating-pole  generator.  In  Test  /  Fig.  i,  the 
machine  was  short-circuited  through  a  predetermined 
resistance  of  sufficient  value  to  give  five  times  full- 
load  current.  This  was  approximately  the  maximum 
current  this  machine  could  deliver  and  not  flash  over. 
The  current  rises  to  its  maximum  value  in  approxi- 
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mately  o.oi  second  while  the  time  required  for  the 
ordinary  circuit  breaker  to  begin  to  act  is  about  0.07 
seconds.  The  voltage  shows  the  characteristic  initial 
dip  of  the  same  duration  as  the  increase  of  current. 
The  voltage  between  o.oi  and  0.07  seconds  represents 
the  normal  terminal  voltage  of  the  machine  when  de- 
livering this  large  current,  and  its  departure  from  the 
normal  value  may  be  attributed  largely  to  field  distor- 
tion. The  normal  voltage  is  re-established  after  a 
series  of  oscillations,  which  are  not  entirely  reflected 
in  the  current  wave  because  they  are  partly  due  to  the 
main  field  flux  re-establishing  itself,  and  partly  to  the 
unstable  arc  in  the  circuit  breaker. 

In  test  2,  Figs.  2  and  3,  the  resistance  was  lowered 
sufficiently  to  cause  the  machine  to  flash  over.  In  this 
case  the  oscillograph  reads  only  the  current  in  the  exter- 
nal circuit,  and  does  not  read  the  current  which  flashes 
between  brush  arms.  The  field  distortion  and  drop  in 
voltage  are  more  pronounced  because  they  are  caused 
by  the  total  current  which  is  in  excess  of  the  value 
shown.     The     flashover     probably     started     at     about 
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FIG.    I — MAXIMUM     SHORT-CIRCUIT     POSSIBLE    WITHOUT    FLASHOVEK 

0.025  seconds,  and  developed  into  a  complete  flashover 
at  0.065  seconds,  as  the  line  current  beyond  this  time 
shows  a  gradual  decrease  due  to  the  current  taking 
the  lower  resistance  path  through  the  arc.  The  line 
current  is  interrupted  before  the  flash  is  ended,  so  that 
normal  voltage  is  not  re-established  until  the  flashing 
ceased. 

While  flashing  may  be  started  by  a  number  of 
causes,  the  two  principal  ones  are  high-voltage  be- 
tween commutator  bars,  regardless  of  its  origin,  and 
bad  commutation  due  to  excessive  overloads.  The 
maximum  voltage  between  adjacent  commutator  bars 
under  load  conditions  and  the  voltage  per  unit  circum- 
ference of  commutator  surface  are  criterions  of  the 
probability  of  flashing.  Line  voltage  exists  across  the 
commutator  face  between  adjacent  brush  arms,  and 
this  voltage  is  split  up  into  as  many  sections  as  there 
are  commutator  bars  per  pole,  being  distributed  be- 
tween the  bars  in  proportion  to  the  voltages  generated 
by  the  coils  connected  to  them.  The  mechanical  sepa- 
ration between  adjacent  bars  is  usually  30  to  40  mils, 
so  that  it  might  be  inferred  from  the  sparking  voltage 
required  to  jump  this  distance  in  air  that  potentials  of 
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several  hundred  volts  might  be  safe  between  adjacent 
bars.  However,  experience  has  proven  that  approxi- 
mately thirty  volts  is  the  maximum  that  is  safe  for 
large  machines.  Compensating-pole  face  windings, 
by  eliminating  load  distortions,  are  very  beneficial  in 
preventing  excessive  voltages  between  adjacent  bars, 
and  make  their  use  imperative  on  generating  equip- 
ments where  unusual  voltages  and  overload  condi- 
tions are  encountered. 

Current  is  delivered  from  a  direct-current  gener- 
ator to  its  line  through  the  process  of  commutation. 
Successful  commutation  requires  that  each  armature 
coil  must  have  its  current  completely  reversed  each 
time  the  bars,  to  which  it  is  connected,  pass  under  the 
brushes.  The  reversal  of  current  in  an  inductive 
armature  coil  necessarily  involves  a  change  of  mag- 
netic energ}'  in  the  coil,  and  unless  this  energy  change 
is  accomplished  while  the  coil  is  still  short-circuited  by 
the  carbon  brush  it  will  be  evident  b}'  an  arc  as  the 


FIGS.   2   .^ND   3 — LINE   CURRENT,   LINE    VOLTAGE.    FIELD   CURRENT   AND 
VOLT.^GE    UNDER    A    BRUSH 

During  a  short-circuit  which  caused  a  flashover. 

coil  breakes  contact  with  the  brush.  It  is  the  function 
of  the  commutating  poles  to  accomplish  this  energy 
change  in  the  commutating  coils,  and  to  the  extent  to 
which  they  fail  to  reverse  the  load  current  in  the  al- 
lotted time  sparking  results.  For  perfect  operation, 
commutating  pole  strength  must  increase  directly  with 
the  load  current  and  this  requires  that  the  poles  be 
carefully  proportioned  magnetically  in  order  to  use 
the  space  that  is  available  for  them  to  the  fullest  ad- 
vantage. Commutating  poles  of  tapered  body  sections 
represent  the  maximum  which  the  designer  can  do  to 
improve  the  commutating  pole's  efficiency  at  very  high 
loads. 

On  overloads  so  severe  that  the  brushes  glow 
and  vaporize  and  the  commutating  poles  can  no  longer 
perfectly  reverse  the  load  current  in  the  commutating 
coils,  an  incipient  arc  may  shoot  out  conducting  vapor 
and  bridje  across  a  number  of  commutator  bars  hav- 
ing a  high  total  difference  of  potential.     In  this  case. 


the  arc  so  started  between  bars  may  be  successively 
carried  around  the  commutator  by  mechanical  rotation, 
resulting  in  a  short-circuit  between  brush  arms,  or  it 
may  blow  itself  out  in  an  explosive  puf¥,  or,  on 
grounded  circuit  machines,  it  may  even  find  a  shorter 
patli  to  the  opposite  polarity  by  jumping  through  the 
envelope  of  conducting  carbon  and  copper  vapor  to 
bearing  pedestals  or  frames.  At  the  time  of  flash- 
over,  an  enormous  amount  of  energy  is  concentrated  in 
a  very  small  space,  resulting  in  burning  of  brush- 
holders,  roughening  the  commutator  surface,  marking 
of  pedestals,  and  injury  to  bearings,  not  to  mention  the 
hazard  to  attendants  who  may  be  near. 

There  are  two  time  factors  lo  be  considered  in 
any  study  of  flashing.  First,  the  time  recjuired  in 
case  of  short-circuit  for  the  current  to  reach  a  value 
that  will  cause  flashing.  This  depends  on  the  imped- 
ance of  the  entire  circuit,  including  machine  and  line. 
Second,  the  frequency  of  the  generator,  since  this  de- 
termines the  time  required  for  a  bar  to  pass  fj-om  one 
brush  to  another.  For  example,  a  commutator  bar  on 
a  25  cycle  generator  will  pass  from  one  brush  to  an- 
other in  0.020  second,  while  a  60  cycle  machine  al- 
lows only  0.0083  second.  In  the  worst  case,  that  of 
a  short-circuit  at  the  terminals  of  the  generator,  the 
time  required  for  the  current  to  build  up  to  the  flash- 
ing value  depends  on  the  impedance  of  the  machine 
alone,  so  that  the  ultimate  time  factors  are  both  deter- 
mined by  the  design  of  the  generator. 

Usually,  it  requires  from  0.003  to  0.006  second 
for  the  current  to  reach  a  flashing  value;  this,  of 
course,  being  dependent  both  on  the  overload  capacity 
of  the  machine  and  on  its  impedance.  Inasmuch  as 
the  time  of  one  alternation  is  usually  several  times  this 
amount,  the  time  interval  from  the  beginning  of  a 
short-circuit  until  flashing  takes  place  depends  more  on 
the  latter  characteristic  than  on  the  former.  It 
is,  of  course,  true  that  the  higher  the  armature  fre- 
quency the  less  the  distance  between  brush-holders 
usually  is,  and  this  increases  still  more  the  liability  to 
flash,  since  a  slight  puff  may  reach  from  one  brush- 
holder  to  another  in  far  less  time  than  it  takes  for  the 
commutator  bar  to  travel  between  brushes.  To  pre- 
vent this,  barriers  are  sometimes  resorted  to  which 
make  it  difficult  for  the  arc  to  travel  directly  from  one 
brushholder  to  the  other,  or  from  brushholder  to 
ground.  These  have  been  found  to  be  of  very  ma- 
terial assistance,  where  high-speed  circuit  breakers  are 
used,  although  they  are  essentially  a  makeshift,  since 
they  only  reduce  the  effects  instead  of  removing  the 
cause. 

It  is  obvious  that,  if  the  circuit  could  always  be 
opened  before  the  current  could  reach  the  flashing 
value,  it  would  practically  prevent  flashing  caused  by 
overloading.  This,  however,  has  thus  far  been  out  of 
the  question  for  heavy  currents  and  high  voltages, 
since  not  only  must  the  circuit  breaker  be  open,  but 
the  arc  must  be  broken  in  the  few  thousandths  of  a 
second  required  for  the  current  to  build  up  to  its  maxi- 
mum safe  value.     It  has  been  possible,  however,  due 
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to  the  greater  time  allowed  an  accouni  of  the  usual  low 
armature  frequency  of  high  voltage  generators,  to 
open  the  circuit  or  to  insert  a  limiting  resistance  in  it 
before  the  machine  can  flash  from  brush  to  brush,  ex- 
cept under  the  most  severe  conditions.  This  requires, 
as  may  be  readily  understood,  a  circuit  breaker  with  a 
rather  complicated  mechanism  and  extremely  power- 
ful springs  under  heavy  pressure.  Such  a  circuit 
breaker  must  be  able  to  carry  the  normal  current  with 
the  usual  temperature  rise  and  must  be  able  to  open  the 
high-voltage  circuit  or  insert  the  limiting  resistance. 
Such  a  circuit  breaker  will  be  subject  to  relatively 
rapid  deterioration  and,  unless  kept  at  the  maximum 
point  of  efficiency,  will  slow  up  its  speed;  then  if  it 
fails  to  open  the  circuit  before  the  flash  starts,  it  will 
be  too  late  to  stop  it. 

A  device  for  preventing  flashing,  which  differs 
radically  in  its  theory  of  operation  from  all  circuit 
opening  or  reactance  inserting,  devices,  has  recently 
been  successfully  developed.  It  is  a  device  which 
functions  to  protect  the  machine  from  injuring  itself 
when  its  current  output  exceeds  a  predetermined 
value.  It  is  known  as  the  "flash  suppressor"  and  is  be- 
ing installed  by  the  Westinghouse  Company  in  the 
3000  volt  substations  of  the  C.  M.  &  St.  P.  Railway. 
The  flash  suppressor  directly  attacks  the  cause  of 
flashing  and  directly  suppresses  it  while  all  other 
schemes,  so  far  proposed,  have  merely  attempted  to 
minimize  the  liability  of  flashing  or  to  mitigate  its  ef- 
fect more  or  less  completely.  The  flash  suppressor 
consists  of  a  set  of  small  contactors,  arranged  to 
short-circuit  the  armature  windings  of  the  direct-cur- 
rent generator  through  three  collector  rings,  connected 
in  three-phase  relation.  This  device  is  actuated  and 
tripped  in  a  manner  similar  to  that  of  the  circuit 
breaker,  but  with  this  difference — the  contacts,  which 
carry  current  only  momentarily  when  the  device  ope- 
rates, are  very  small  and  light,  and  have  normally 
but  a  short  distance  to  travel ;  it  differs  also,  in  the  fact 
that  this  device  closes  a  circuit  while  a  circuit  breaker 
opens  one  and  must,  therefore,  quench  the  arc  before 
it  can  completely  rupture  the  circuit. 

To  secure  operation  equally  as  quick  as  that  of  a 
high  speed  circuit  breaker,  only  a  relatively  simple 
mechanism  is  required,  and  it  is  not  difficult  to  secure 
a  much  higher  speed  without  complication.  The  con- 
tactor can  easily  be  made  to  close  in  from  0.006  to 
O.ooS  of  a  second,  which  is  amply  fast  to  prevent  a 
flash  from  spreading  on  any  but  the  higher  frequency 
machines. 

The  flash  suppressor  performs  a  double  function, 
— first,  closing  a  short-circuit  on  the  collector  rings, 
which  simultaneously  reduces  the  voltage  between 
commutator  bars  practically  to  zero.  If  the  voltage 
per  coil  were  the  same  throughout  the  winding,  this 
short-circuit  would  reduce  the  voltage  between  all  bars 
to  zero;  but  owing  to  the  locations  of  the  various  coils 
with  respect  to  the  poles,  their  voltages  differ  and 
there  will  be  small  voltages  remaining  between  some 
commutator  bars;  not  enough,  however,  to  support  an 


arc.  Consequently,  if  flashing  has  not  started  when 
the  contactor  closes,  it  will  not  start;  and,  if  it  has 
started,  it  is  instantly  suppressed.  The  second  func- 
tion of  the  flash  suppressor  consists  in  cutting  down  the 
field  flux.  A  short-circuit  through  the  collector  rings 
causes  a  large  wattless  current  to  flow  through  the 
armature  windings  whose  magnetizing  force  opposes 
that  of  the  field  and  cuts  down  the  voltage  at  the  maxi- 
mum safe  rate,  without  opening  either  field  or  armature 
circuit. 

It  will  thus  be  seen  that  the  stored  energy,  not 
only  of  the  line  but  of  the  machine  itself,  is  harmlessly 
short-circuited  through  the  machine  and  dissipated  in 
the  armature  and  field  windings.  The  direct-current 
circuit  breaker  at  the  switchboard  will  be  opened  auto- 
matically, but  only  after  the  flash  suppressor  has  done 
its  work  and  then  of  course,  the  voltage  is  reduced 
practically  to  zero.  The  use  of  the  flash  suppressor, 
therefore,  not  only  eliminates  the  danger  to  the  ma- 
chine from  flashing,  but  also  eliminates  the  necessity 
for  opening  the  extremely  heavy  short-circuit  currents 
with  the  circuit  breaker,  and  the  attendant  surges  in 
the  line.  In  other  words,  the  fire-works  are  elimi- 
nated from  the  substation. 


\ 


FIG.  4 — 1000  K\V,  650  VOLT,  750  R.P.M.  GENERATOR 

On  wliicli  short-circuit  tests  were  made. 

During  the  development  of  this  method  of  sup- 
pressing flashing,  a  large  number  of  tests  were  made 
on  machines  of  different  types  and  characteristics.  The 
following  tests  are  representative  and  apply  to  the 
type  of  generator  generally  used  in  high  voltage  di- 
rect-current railway  service.  Oscillograph  records 
have  been  taken  which  portray  the  characteristics  of 
direct-current  generators  on  extreme  overloads  and 
the  changes  in  these  characteristics  which  are  brought 
about  by  the  application  of  the  flash  suppressor.  The 
direct-current  generator  used  in  these  tests  is  the  lOOO 
kw,  650  volt,  750  r.p.m.,  machine  shown  in  Fig.  4. 
This  machine  embodies  no  unusual  design  features 
not  standard  with  railway  generators  that  would  tend 
to  give  it  unusual  momentary  overload  capacity. 

The  characteristics  of  this  machine,  on  the  limit- 
ing overload  which  it  will  stand  without  flashing,  are 
shown  in  Fig.  5.  During  this  test,  the  collector  rings 
were  not  short-circuited,  and  the  results  are  typical  of 
a  standard  compensated  direct-current  generator.  The 
armature  current  rises  to  a  constant  value  of   13  000 
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amperes,  or  about  eight  times  full  load  current.  The 
total  circuit  resistance  measured  0.0287  ohm,  and  the 
actual  current  obtained  was  57  percent  of  the 
theoretical  current  that  would  be  obtained  by  dividing 
the  terminal  voltage  by  the  circuit  resistance.  The 
initial  rate  of  current  increase  is  about  2500  amperes 
per  o.ooi  second  ;;nd  the  current  rises  to  95  percent  of 
its  final  value  in  the  first  o.oio  second. 
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FIG.    5 — ARMATURE    AND   FIELD   CURRENTS 

During  maximum  short-circuit  possible  without  flashover. 
The  breaks  in  the  zero  lines  represent  time  intervals  of  0.0167 
second. 

The  shunt  field  current  undergoes  a  sudden  in- 
crease in  value  which  is  characteristic,  even  of  com- 
pensated generators  when  a  suddenly  applied  overload 
or  a  partial  flash  occurs.  The  increase  of  field  cur- 
rent to  2.5  times  normal  value  is  due  to  tfux  distor- 
tions, the  demagnetizing  action  of  local  currents  in  the 
commutated  armature  coils,  and  possibly  to  some  of 
the  commutator  bars  being  short-circuited  by  the  par- 
tial flashover. 

With  the  flash  suppressor  adjusted  for  short-cir- 
cuiting the  alternating-current  side  0.006  second  after 
the  direct-current  side.  Fig.  6  oscillogram  was  taken. 
This  shows  the  direct-current,  field  current  and  col- 
lector ring  voltage.  Both  short-circuits  were  made  at 
650  volts  without  resistance  or  reactance  of  any  kind 
in  the  circuit.  The  premises  outlined  in  the  forego- 
ing theory  were  completely  borne  out,  as  the  flash  at 
the  commutator  at  the  time  of  direct-current  short- 
circuit  was  confined  to  a  small  explosive  puff  of  ex- 
tremely short  duration  which  did  not  damage  either 
brushholders  or  commutator  surface.    Many  duplicate 


FIG.   6 — OSCILLOGRAPH    CURVES 

VVith  the  flash  suppressor  adjusted  to  short-circuit  the  al- 
ternating current  0.006  second  after  the  direct-current  short-cir- 
cuit occurs. 

oscillograph  records  of  combined  short-circuits  were 
made  which  established  that  the  suppression  of  flash- 
ing is  entirely  independent  of  the  point  of  the  alternat- 
mg  voltage  wave  at  which  the  short-circuit  occurs, 
and  that  all  armature  positions  give  essentially  the 
same  effect.  By  this  oscillogram  the  delay  of  the  al- 
ternating-short-circuit behind  the  direct-current  short- 
circuit  nia\-  he  very  accurately  measured. 


Since  the  use  of  the  flash  suppressor  nivolves 
short-circuiting  the  alternating-current  side  of  a  gener- 
ator a  few  thousandths  of  a  second  after  a  direct-cur- 
rent overload  is  applied,  it  is  of  interest  to  know  the 
magnitude  of  the  alternating  current  flowing  when  the 
collector  rings  are  short-circuited  upon  themselves. 
The  current  flowing  when  the  alternating-current  side 
of  the  machine  is  short-circuited  is  very  materially 
less  than  the  current  flowing  when  the  direct-current 
side  is  short-circuited,  since  the  winding  resistance  is 
the  principal  limiting  factor  at  time  of  direct-current 
short-circuit,  while  the  winding  reactance  imposes 
greater  limitation  on  the  alternating-current  short- 
circuit.  Moreover,  the  polyphase  reactance  of  the 
armature  winding  is  nearly  twice  as  great  as  the  re- 
actance of  an  alternator  of  equal  rating,  because  of  the 
large  number  of  turns  required  for  a  given  voltage  in 
order  to  avoid  an  excessive  average  voltage  between 
commutator  bars. 

The  alternating  currents  in  the  three  phases  on 
short-circuit  at  full  voltage  are  shown  in  Fig.  7.  An 
analysis  of  the  currents  in  all  three  phases  indicates 
that  the  resultant  current  rises  uniformly  in  magni- 
tude until  it  reaches  its  maximum  value  in  approx. 
0.014  second  (one-half  cycle)   after  the  instant  of  ap- 


FIG.   7 — ALTERNATING-CURRENT     WAVES     IN     EACH     OF     THE     THREE 

PHASES 

plication  of  the  alternating-current  short-circuit.  It 
is  an  inherent  condition  of  any  polyphase  short-circuit 
that  the  resultant  armature  currents  attain  their  maxi- 
mum magnitude  after  one  alternation  from  the  instant 
of  short-circuit.  The  armature  current  and  field  have 
verj'  unusual  characteristics  under  combined  alternat- 
ing and  direct-current  short-circuit  conditions.  In- 
spection of  Fig.  6  shows  that  the  direct-current  begins 
to  increase  at  the  uniform  rate  of  about  2700  amperes 
per  O.OOI  second,  and  in  0.006  second  reaches  a  value 
of  14  000  amperes.  The  application  of  tire  collector 
ring  short-circuit  immediately  arrests  any  further  in- 
crease of  direct-current,  and  in  the  next  0.014  second 
(one-half  cycle)  the  direct-current  is  steadily  de- 
creased until  it  drops  to  practically  zero.  The  large 
decrease  of  the  direct-current  in  the  0.014  second,  fol- 
lowing the  application  of  the  alternating  short-circuit, 
i.  e.,  the  time  required  for  the  alternating-current  to 
attain  its  maximum  value,  is  due  to  the  well-known 
fact  that  an  armature  winding  can  deliver  only  a  de- 
finite current  on  short-circuit.  This  current  is  limited  by 
the  electrical  constants  of  the  armature  winding  and 
is  not  affected  by  the  number  of  points  at  which  a 
short-circuit  is  applied  to  the  winding.  This  simply 
means   that   the   transient   short-circuit   current  output 
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from  the  collector  side  is  subtracted  directly  from  the 
direct-current  output  and  the  decrease  of  direct-cur- 
rent corresponds  exactly  to  the  building  up  of  the  al- 
ternating short-circuit  current.  On  each  successive 
machine  alternation,  the  direct-current  pulsates  to  a 
maximum  and  minimum  value  of  steadily  decreasing 
magnitude.  The  direct-current  finally  settles  to  a  con- 
stant value  of  about  7000  amperes  (4.5  times  full  load) 
in  about  0.075  second. 

It  will  be  noted  that,  in  case  of  a  direct-current 
short-circuit  through  a  relatively  low  resistance,  as  in 
Fig.  5,  the  direct  current  rose  only  to  57  percent  of 
the  theoretical  value  obtained  by  dividing  the  terminal 
voltage  by  the  total  circuit  resistance.  In  Fig.  6,  which 
shows  the  direct-current  reaching  an  almost  constant 
value  before  the  flash  suppressor  is  actuated,  the  cur- 
rent only  reached  30  percent  of  its  theoretical  short- 
circuit  value.  In  this  connection,  extensive  tests  have 
shown  that  high-speed  compensated  generators  will 
deliver  12  to  15  times  full-load  current  on  direct 
short-circuit    (including  the  current  in  the  flashover). 

FIG.   8 — 0SCILLOGR.\PH   CUR\T:S   DURING   FLASHOVER 


dition  of  the  series  field,  nor  is  its  characteristic  oscil- 
lation reduced.  The  shunt  field  current  is  affected 
very  considerabl}',  due  to  the  series  field  magnetization 
discharging  through  the  shunt  field  circuit  in  the 
period  before  the  alternating-current  short-circuit  is 
applied.  The  operation  of  the  machine  was  not  ma- 
terially dilferent  as  regards  the  volume  of  flash  from  a 
short-circuit,  under  the  same  conditions,  as  a  shunt 
generator. 

The  characteristics  of  the  direct-current  wave 
show  clearly  wherein  the  merits  of  the  flash  suppres- 
sor lie.  The  application  of  the  alternating-current 
short-circuit  not  only  arrests  the  increase  of  current 
feeding  into  the  direct-current  short-circuit,  but  it 
actually  suppresses  this  current  to  practically  zero  for 
an  instant.  This  characteristic,  in  conjunction  with 
the  reduction  of  the  voltage  between  commutator  bars, 
effectually  snuffs  out  any  arc  that  has  been  started  by 
the  direct-current  before  the  alternating-current  short- 
circuit  is  applied.  The  direct-current  rises  to  a  suffi- 
cient value  to  flash,  but  it  is  removed  bv  the  alternat- 


With  the  flash  suppressor  adjusted  to  short-circuit  the  al- 
ternating-current o.oil  second  after  the  direct-current  short- 
circuit  occurs. 

This  short-circuit  current  is  about  25  to  30  percent  of 
the  theoretical  short-circuit  current  based  upon  the 
circuit  resistance,  including  brush  contact. 

The  characteristic  curve  of  the  various  currents 
are  not  materially  changed,  as  the  time  of  the  alternat- 
ing short-circuit  is  further  delayed  after  the  direct- 
current  short-circuit  is  applied.  Fig  8  shows  the  al- 
ternating-current short-circuit  delayed  o.oii  second 
after  the  direct-current  and  this  condition  was  mainly 
evidenced  in  operaion  by  a  slight  increase  in  the  explo- 
sive puff  of  the  arc  blowing  itself  out,  before  it  had 
time  to  do  any  damage.  The  direct-current  in  this  case 
rose  to  about  19  000  amperes,  or  twelve  times  full-load, 
while  the  field  current  did  not  rise  as  high  as  when  the 
delay  of  the  alternating-current  short-circuit  was  less. 

These  tests  were  made  on  the  inachine  as  a  sepa- 
rately  excited  shunt  generator,  as  th'S  is  the  fnost  favor- 
able condition  for  operation  of  railway  generators 
which  are  required  to  function  on  regenerative  loads. 
In  order  to  establish  the  operating  characteristics  of  a 
compound-wound  machine,  the  series  field  was  con- 
nected in  circuit.  A  short-circuit  on  a  compound 
machine  with  the  alternating-current  short-circuit  de- 
layed o.oio  second  is  shown  in  Fig.  9.  The  maximum 
value  of  the  direct-current  is  not  changed  by  the  ad- 
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KIG.    g — OSCILLOGRAPH    CURVES    OF    A    CO .M POUND-WOUND    GENERATOR 

With     the     ahernating-current     short-circuit     delayed     O.OI 
second  after  the  direct-current  short-circuit. 

ing-current  short-circuit  long  before  a  bar  can  pass 
from  one  brush  arm  to  the  next,  and  the  flash  which 
actually  gets  started  is  summarily  suppressed. 

The  value  to  which  the  shunt  field  current  rises  is 
an  accurate  measure  of  the  rate  at  which  the  main  field 
flux  is  reduced,  and  also  of  the  voltage  induced  in  the 
shunt  field  coils  during  the  period  of  short-circuit.  An 
inspection  of  the  field  current  curve  shows  that  the 
maximum  current  is  only  seven  times  the  normal  full 
load,  so  that  the  voltage  induced  in  the  shunt  field 
coils  is  six  times  the  excitation  voltage.  High-volt- 
age railway  generators  are  invariably  separately  ex- 
cited at  some  low  voltage,  such  as  125  volts,  (of  which 
one-half  is  normally  consumed  in  field  rheostat)  so  that 
an  induced  field  voltage  of  six  times  normal  is  a  negli- 
gible increase  on  field  coils  which  are  normally  de- 
signed to  withstand  a  much  higher  voltage. 

The  tests  which  have  been  described  are  only 
typical  of  a  large  number  that  were  made  during  tiie 
development  of  the  flash  suppressor.  All  of  these 
tests,  on  machines  of  widely  different  characteristics, 
point  to  the  fact  that  m  the  flash  suppressor  has  been 
found  a  real  and  positive  preventive  of  flashing  of  di- 
rect-current railway  generators. 
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Condenser  practice  was  discussed  at  some  length  in  a  series  of  articles  in  Vol.  VI  of  the  Journal 
from  July  to  December  inclusive,  and  in  July  of  Vol.  VII.  The  present  article  may  be  considered  as  sup- 
plementary to  the  above  series,  bringing  it  up  to  dat;   and    reviewing   the   latest   developments.     (Ed.) 


THE  history  of  the  condenser  begins  with  that  of 
the  steam  engine.  It  is  difficult  to  trace  the  an- 
cestry of  the  condenser  back  to  the  days  of 
antiquity,  which  saw  the  birth  of  Hero's  turbine,  yet 
one  might  facetiously  argue  that  condensers  were 
known  to  the  Greeks,  since  a  knowledge  of  the  subject 
of  condensation  was  certainly  shown  in  a  passage  which 
occurs  in  the  Odyssy — "Olympus,  abode  of  the  Gods, 
down  whose  slopes  condensing  vapors  flow."  The 
steam  motor  and  condenser  are  so  closely  associated 
that  an  advance  in  the  art  of  one  compels  a  correspond- 
ing advance  in  the  other.  As  engines  grew  in  size  and 
efficiency,  the  condenser  likewise  improved,  and  when 
the  steam  turbine  came  into  prominence  it  became  evi- 
dent that  to  realize  its  maximum  efficiency  tremendous 
advances  had  to  be  made  in  condenser  practice.  The 
steam  turbine  owes  a  great  measure  of  its  success  to 


FIG.    I — NEWCOMEN    ENGINE,    1/05    A.    D. 

the  development  of  condensing  apparatus.  Condenser 
performance  that  is  today  considered  ordinary  was  a 
few  years  ago  only  a  laboratory  possibility. 

The  earliest  steam  engines  were  of  the  condensmg 
type.  Before  the  days  of  James  Watt,  the  engine 
cylinder  was  both  the  power  developer  and  condenser. 
Usually  the  boilers  developed  steam  at  about  atmos- 
pheric pressure,  as  tlie  mechanic  arts  had  not  developed 
to  a  point  where  high  pressure  boilers  were  possible. 
The  working  cycle  was  about  as  follows:  Steam  was 
turned  into  the  cylinder,  but  as  the  steam  pressure  was 
approximately  that  of  the  atmosphere,  the  piston  was 
not  moved;  then  water  was  sprayed  into  the  cylinder, 
condensing  the  steam  and  creating  a  partial  vacuum, 
that  is,  the  pressure  was  reduced  below  that  of  the  at- 
mosphere. The  preponderating  pressure  of  the  atmos- 
phere then  moved  the  piston,  which  was  genfrally  con- 
nected to  a  pump  plunger,  as  nearly  all  of  these  earlier 
engines  were  devoted  to  mine  pumping.     The  cycle  was 


then  repeated  after  the  weight  of  the  pump  plunger  had 
returned  the  piston  to  its  original  position.  This  type 
of  engine,  known  as  the  Newcomen  engine,  Fig.  i,  bad 
a  great  disadvantage  in  that  the  cylinder  walls  were 
chilled  by  having  the  water  sprayed  into  the  cylinder, 
and  later  heated  by  the  incoming  steam.  Consequently 
a  great  amount  of  heat  energy  was  lost  in  having  to 
heat  the  chilled  cylinder  walls  at  every  cycle. 

James  Watt's  classic  experiments  showed  a  great 
gain  in  efficiency  by  segregating  the  condensing  func- 
tion from  the  engine  cylinder.  With  the  condenser 
separated  from  the  cylinder,  as  in  Fig.  2,  the  cylinder 
walls  were  not  cooled  to  a  low  temperature  and  later 
heated  by  the  entering  steam,  with  a  consequent  absorp- 
tion of  useful  heat  energy. 


\\   \ll    I'l    \IPI.\(;    ENGINE,    1769   A.   D. 


By  the  year  1800,  the  development  of  the  essen- 
tial elements  of  the  Watt  engine-condenser  was  about 
completed.  It  is  scarcely  believable  that  the  lapse  of 
nearly  a  century  contributed  substantially  nothing  to  the 
development  of  the  condenser,  other  than  mechanical 
improvements,  yet  condensers  built  about  the  beginning 
of  the  twentieth  century  were  not  unlike  those  in  use 
at  the  beginning  of  the  nineteenth,  as  far  as  the  essen- 
tial features  were  concerned. 

With  the  advent  of  the  steam  turbine,  which  for 
all  practical  purposes  was  about  the  year  1900,  came 
pronounced  activity  in  the  development  of  the  con- 
denser. Centrifugal  pumps  rapidly  displaced  those  of 
the  reciprocating  type  for  the  handling  of  water.     Air 
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pumps  were  separated  from  the  other  pumps.  In  the 
Watt  condenser  a  single  pump  handled  condensing 
water,  condensate  and  air  in  the  jet  type,  and  con- 
densate and  air  in  the  surface  type.  The  separation  of 
the  air  pump  marked  a  distinct  step  in  advance.  Higher 
vacua  were  maintained  with  the  "dry  air"  pump  than 
with  the  old  "wet  pump."  The  advantaa-e  of  having  a 
separate  air  pump  is  manifest,  ina.smuch  as  the  air 
handling  problem  is  solved  by  the  use  of  a  pump  de- 
signed only  for  that  purpose,  instead  of  trying  to  make 
a  single  pump  to  handle  both  air  and  water,  when  each 
requires  a  separate  design. 

About  1908  an  entirely  new  epoch  began  in  con- 
denser history.  While  in  a  general  way  it  was  realized 
that  the  efficiency  of  the  air  pump  had  a  great  deal  of 
effect  on  condenser  performance,  it  was  not  conceded 


the  air  by  jackets  prevented  efficient  operation.  In 
other  words,  here  was  an  apparatu.s,  well  built  and  de- 
signed but  possessing  certain  inherent  defects  that  could 
not  be  overcome.  Parsons  was  one  of  the  first  to  real- 
ize some  of  the  shortcomings  of  the  reciprocating  pump, 
and  developed  his  "augmenter  system,"  in  which  a  steam 
jet  is  used  to  augment  the  vacuum  that  can  be  main- 
tained by  the  reciprocating  pump.  However,  this  sys- 
tem is  rather  circumscribed  in  its  application  and  has 
not  achieved  much  prominence  except  in  marine  work. 
The  hydraulic  air  pump  had  none  of  the  defects  of 
the  reciprocating  pump ;  its  very  simplicity  made  it  im- 
possible to  have  the  shortcomings  of  the  complicated 
mechanical  apparatus  it  displaced.  The  primitive  form 
of  hydraulic  air  exhauster  had  been  known  for  very 
many   years,   but    its    great    drawback    was    the    great 


I  IG.   3 — 1250   SQUARE  FOOT   AND   5(  m  1;  1:  >   ^cjlJAKK    FOOT  SUEFACF.   CONm  N^KKS 

For  use  with  500  and  30000  kw  steam  turbines. 


that  material  improvement  could  be  made  in  the  recip- 
rocating air  pumps  then  built.  These  pumps  were  m- 
deed  splendid  pieces  of  machinery,  costly,  well  built  and 
skillfully  designed. 

The  hydraulic  air  pump,  small  and  compact,  made 
its  appearance.  Its  size  and  simplicity  as  compared 
with  the  reciprocating  pump,  made  a  contrast  that  was 
nothing  less  than  ludicrous.  It  encountered  a  storm  of 
ridicule  on  its  introduction.  One's  credulity  was  taxed 
to  the  utmost  to  believe  that  the  diminutive  hydraulic 
air  puinp  could  exceed  in  efficiency  the  highly  organized 
and  developed  reciprocating  pump.  The  reciprocating 
pump,  however,  concealed  certain  inherent  weaknesses. 
Although  tight  when  new,  it  leaked  when  worn  by  a 
moderate  length  of  service.  Its  tremendous  ratio  of 
compression  required  less  clearance  than  was  actually 
practicable,  and  the  impossibility  of  perfect  cooling  of 


amount  of  power  required  for  its  operation.  The 
earlier  types  consisted  of  nothing  more  than  a  jet  of 
water  enclosed  in  a  proper  casing;  the  smooth  jet  of 
water,  by  friction,  dragged  a  small  amount  of  air  with 
it.  Leblanc's  invention  consists  of  a  mechanically 
formed  jet,  broken  up  into  many  laminse,  so  that  instead 
of  having  only  the  friction  of  a  smooth  jet  to  entrain 
air  we  have  the  effect  of  a  series  of  pistons  which  en- 
train many  times  as  much  air  for  "he  same  power  con- 
sumed. The  Leblanc  type  of  pump  gradually  assumed 
the  most  important  place  in  conden;;er  work.  Today  it 
has  practically  driven  the  reciprocating  pump  from  the 
field. 

As  the  size  of  prime  movers  increased,  the  con- 
denser sizes  increased  even  more  rapidly.  Twenty 
years  ago,  when  27  inches  vacuum  was  considered  suffi- 
cient, the  condenser  was  but  a  small  part  of  the  turbine- 
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•condenser  combination.  As  turbine  designs  were  im- 
pnved,  28,  28.5  and  29  inches  vacuum  became  desir- 
able, and  the  condenser  correspondingly  increased  in 
size,  until  today  the  condenser  is  [ihysically  the  larger 
part   of   the   combined  apparatus.     Figs.   3   and  4   are 


difficult  problem.  The  length  of  the  "flow  path"  is  so 
great  that  the  general  tendency  is  to  have  a  great  loss  in 
the  effective  vacuum  produced.  The  vacuum  might  be 
high  at  the  terminal  point  of  steam  flow,  but  due  to  the 
frictional  losses  it  would  be  low  in  the  turbine  exhaust. 
The  Westinghouse  radial  flow  condenser  was  designed 
to  overcome  these  difficulties,  and  for  large  condensers 
marks  a  new  step  in  progress.  In  this  design  the  tubes 
are  so  grouped  that  steam  is  admitted  around  the  whole 
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KIG.    4 — TWIN     TVPE    JET    LUMlENSEK 

For  use  with  a  45000  kw  steam  turbine. 
given  to  show  the  great  size  of  some  of  our  modern 
condensers. 

With  the  great  increase  in  size  during  the  last  de- 
cade, there  has  come  an  increase  in  efficiency.  Special 
studies  have  been  made  towards  more  efficient  mixture 


FU;.   6 — CIRCULATING    PUMP    FOR    A    L-^RGE    CONDENSER 

periphery,  thus  giving  plenty  of  inlet  area  with  low  ve- 
locity, and  a  consequent  reduction  in  frictional  loss.  Air 
is  taken  out  of  the  center  of  the  tube  nest,  so  that  the 
length  of  flow  path  is  reduced  to  a  minimum.  This  con- 
denser has  been  applied  to  turbines  of  the  largest  size, 
and  is  giving  most  excellent  results.  A  condenser  of 
50600  sc|.  ft.  capacity,  which  serves  a  33000  kw  tur- 
bine is  shown  in  Fig.  5. 

The  improvement  in  auxiliaries  alone  could  be  the 
subject  of  a  comprehensive  history.     Ten  years  ago  ihe 


FIG.    5 — 50000    SQUARE-FOOT,    RADIAL-FLOW    CONDENSER    SERVING    A    ,?5  OOO   KW   TURBINE 

•^~Exhaust  connection;   i'— Water  discharge;  j— Water  in'et  ;  .;— Water  reversing  chamber;  5— Condensate  well;  (5— Con- 
denser support  spring;  7 — Condenser  spring  support;  8 — Tube  support;  p — Tube  plate;  /o— Manhole  cover;   n  &  I2 — Air  out- 


let connections 

in  jet  condensers,  better  tube  arrangements  in  surface 
outfits,  and  the  increase  in  efficiency  of  the  condenser 
pumps  and  auxiliaries. 

Most  of  the  larger  turbine  units  are  equipped  with 
surface  condensers.     These  large  condensers  present  a 


small  turbine  began  to  figure  prominently  as  a  prime 
mover,  but  was  available  only  for  direct  connection  to 
pumps  and  other  auxiliaries.  It  was  frequently  used, 
but  was  relatively  inefficient,  as  the  desirable  speed  of 
the  turbine  could  be  harmonized  only  in  a  few  cases 
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with  the  desired  moderate  speed  of  the  driven  eleineiU. 
The  development  of  the  gear  within  the  last  few  years 
has  made  the  turbine  the  ideal  means  of  driving  con- 
denser auxiliaries.  By  means  of  the  gear,  the  driving 
and  driven  elements  can  each  operate  at  their  most  de- 
sirable speeds.  Sonie  years  ago  a  [irime  mover  of  500 
horse-power  was  regarded  as  a  unit  of  some"  substantial 
capacity.  It  is  enlightening  to  know  that  today  some 
condensers  require  more  than  this  for  driving  their 
pumps.  This  fact  brings  clearly  to  mind  the  tremend- 
ous size  to  which  our  condensing  plants  have  grown. 
Today  we  have  condensing  plants  serving  turbines  of 
one  hundred  thousand  horse-power  capacity.  Fig.  6 
shows  a  circulating  pump  for  a  large  condenser. 

The  Westinghou.se  Electric  &  Mfg.  Company  have 


built  sonie  very  exceptional  condensing  plants  for 
marine  work.  These  installations  are  of  interest,  inas- 
much as  they  make  use  of  another  epoch-making  inven- 
tion— the  steam  air  ejector.  This  is  an  air  pump  with 
no  moving  parts,  extremely  light  in  weight  and  more 
efficient  than  the  pumps  which  it  displaces. 

In  conclusion,  the  first  great  epoch  in  condenser 
work  was  from  1785  to  1800,  James  Watt  laying  down 
the  principles  of  design,  which  were  subject  to  little  im- 
provement for  one  hundred  years.  With  the  beginning 
of  the  present  century,  came  an  epoch  in  which  new 
principles  and  ideas  are  introduced  which,  in  connee'Lion 
with  increasing  size,  make  it  evident  that  there  has  been 
a  greater  development  in  the  last  twenty  than  in  the 
preceeding  one  hundred  years. 


\ 
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T.  E.  Keating 


THE  HOPE  Natural  Gas  Company  have  a  pump- 
ing station  at  Hastings,  West  Virginia,  which 
serves  as  the  distribution  center  for  the  gas  this 
company  supplies  to  West  Virginia,  Western  Pennsyl- 
vania and  parts  of  Ohio.  When  the  gas  wells  are  first 
tapped,  pressures  varying  from  600  to  1000  pounds  per 
square  inch  are  usually  obtained,  but  with  continuous 
use  of  the  gas  the  pressures  fall  to  an  average  of  about 
thirty  pounds  per  square  inch,  in  some  wells  gas  being 


inch.  The  necessity  for  additional  pumping  capacity  at 
this  station  and  an  investigation  into  the  relative  effi- 
ciencies of  extensions  of  the  gas-driven  and  steam- 
driven  compressors  lead  to  the  installation  of  the  very 
novel  equipment  here  described. 

The  steam  plant  consists  of  twelve  373  horse-power, 
gas-fired,  water-tube  boilers  operating  under  140  lbs. 
pressure  with  no  superheat.  There  are  nine  compres- 
sor units,  the  steam  end  of  each  consisting  of  a  27  by 
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FIG. I — A    I.OW-PRES.SURE    STEAM     TURBINE-DKIVEX     COMPRESSOR    UNIT,  RATED  AT  3000  COMP.JESSOR   INDICATED   HORSE-POWER 

This  unit  consists  of  a  Westinghouse-Parsons  double-flo  .-,  low-pressure  steam  turbine,  a  Westinghouse  reduction  gear, 
reciprocating  parts,  and  two  IngersoH-Rand  Gas  compressors.  The  turbine  operates  at  a  speed  of  1500  r.p.m.  and  is  connected 
to  the  pinion  of  the  reduction  gear.  On  each  side  of  the  gear  case  are  standard  extra  heavy  engine  frames,  carrymg  the 
reciprocating  parts  driven  by  the  cranks  on  eacli  end  of  the  si  )w-speed  shaft  of  tlie  reduction  gear.  To  the  end  of  each  en- 
gine frame  is  secured  a  24 'by  36  inch  Ingersoll-Rand  hurricane  valve  reciprocating  compressor.  The  turbine  receives  its 
steam  from  the  exhaust  of  the  cross-compound  Corliss  engines  and  in  turn  exhausts  at  a  pressure  of  about  one  pound  abso- 
lute,   into   a    Westinghouse-Leblanc   condenser,    installed    directly  under  the  exhaust  openings  of  the  turbine. 


drawn  out  at  near  atmospheric  pressure.  In  order  to 
compress  this  gas  to  a  proper  distribution  pressure  for 
the  hundreds  of  miles  of  piping  employed,  powerful 
pumping  stations  are  required.  These  compressors  may 
be  driven  by  either  steam  or  gas  engines.  In  the 
Ha.stings  station  both  types  are  employed,  compressing 
the  gas  to  a  discharge  pressure  of  325  pounds  per  square 


54  by  60  inch  National  Transit  cross-compound  engine, 
operating  at  70  r.p.m.  Four  of  the  units  are  direct  con- 
nected to  National  Transit  37.5  by  60  inch  Corliss,  low- 
pressure  compressing  cylinders,  operating  with  5 
pounds  suction  and  45  pounds  discharge.  The  other 
five  engines  are  direct  connected  to  20  by  60  inch  Inger- 
soll-Rand   hurricane    inlet,    high-pressure    compressing 
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cylinders,  operating  with  45  pounds  suction  and  325 
pounds  discharge.  All  the  engines  operate  condensing, 
the  vacuum  averaging  from  20  to  24  inches,  maintained 
by  jet  condensers  with  wet  vacuum  pumps. 

Adjoining  the  steam  plant  is  a  gas-engine  station 
consisting  of  four  38.5  by  60  inch  .Snow  single-crank 
gas  pumpers,  two  of  them  being  direct  connected  to 
24  by  60  inch  compressing  cylinders,  operating  with  70 
lbs.  suction  and  325  lbs.  discharge,  with  an  average 
speed  of  80  r.p.m. 

In  discussing  the  best  method  of  meeting  the  de- 
mand for  additional  capacity,  the  suggestion  was  made 
by  Mr.  Cooper,  engineer  of  the  Hope  Natural  Gas  Com- 
pany, that  the  efficiency  of  the  station  might  be  im- 
proved to  a  greater  extent  by  the  installation  of  a  low- 
pressure  turbine  in  the  steam  plant,  than  by  a  gas  engine 
unit  in  the  gas  driven  station.  Inasmuch  as  a  turbine 
installation  involved  a  reduction  gear  for  connection  to 
the  reciprocating  compressors,  and  the  adaptation  of  a 
high-speed  turbine  and  reduction  gear  for  this  purpose 
was  somewhat  revolutionary  and,  furthermore,  as  there 
were  not  sufficient  data  at  hand  to  determine  the  rela- 


FIC.   2 — THE  TURBINE  ROTOR 

All  the  blades  are  of  the  reaction  type.  Steam  is  admitted 
at  the  middle  of  the  spindle  and  flows  iri  opposite  directions 
to  the  e.xhaust  chamber  of  the  turbine  casing. 

tive  efficiency  of  the  steam  engine — turbine  combination 
and  the  gas  driven  units,  arrangements  were  made  to 
conduct  tests  on  the  steam  engines  under  both  condens- 
ing and  non-condensing  operation.  Meanwhile  West- 
inghouse  engineers,  in  collaboration  with  the  Ingersoll- 
Rand  Company,  investigated  the  practicability  of  con- 
structing a  reduction  gear  unit  suitable  for  the  rigid 
service  required  to  drive  reciprocating  compressors. 

The  object  of  the  steam  tests  conducted  was  to  de- 
termine the  amount  of  steam  required  to  develop  a 
horse-power  in  the  compressor  cylinders  under  existing 
condensing  operation,  as  well  as  the  steam  consumption 
under  non-pondensing  operation  in  order  to  estimate  the 
gain  by  use  of  an  exhaust  steam  turbine.  Due  to  the 
operating  conditions  it  was  not  feasible  or  necessary  to 
conduct  an  economy  test  on  the  engine  and  compressor 
segregated  from  the  condensing  equipment,  as  the  pump 
drive  for  the  wet  vacuutn  pump  exhausted  into  the  main 
condenser,  and  it  was  furthermore  the  plan  to  lead  the 
exhaust  of  the  future  auxiliary  dri/e  into  the  low  pres- 
sure turbine. 


With  a  gas  suction  pressure  jf  94.5  lbs.  and  dis- 
charge of  325  lbs.,  peak  load  on  the  compressor  cy- 
linders, the  engine  developed  1660  compressor  horse- 
power at  a  rate  of  19.6  lbs.  of  steam  per  compressor  in- 
dicated horse-power  hour.  On  this  test  the  steam 
throttle  pressure  was  134.4  lbs.  gauge,  receiver  pres- 
sures 17  lbs.  and  vacuum  21.46  inches,  referred  to  a  30 
inch  barometer.  The  following  day  a  non-condensing 
test  was  conducted  with  131  lbs.  gauge  steam  pressure 
and  0.4  lbs.  back  pressure.  With  52  lbs.  gas  suction 
pressure  and  334  lbs.  discharge,  the  engine  developed 
1650  compressor  indicated  horse-power,  with  a  steam 
consumption  of  24.5  lbs,  steam  per  compressor  indicated 
horse-power  hour.  Indicator  cards  were  taken  on  both 
the  steam  cylinders  and  gas  cylinders  showing  an  aver- 
age value  of  89  percent  efficiency  between  the  steam  and 
gas  ends. 

As  there  were  nine  steam  engine  units  in  the  plant 
it  was  not  considered  advisable  to  figure  on  a  low-pres- 


FIG.   3 — CO.MPLEIELV    ASSE.MKLED   I-LEXIBLE   PINION   REDUCTION    GEAR, 
WITH    THE    COMPRESSOR    CR.-\NKS    PRESSED    ON    THE    ENDS    OF   THE 
SLOW-SPEED    SH.\FT 

The  pinion,  in  its  flexible  frame,  operates  at  a  speed  of 
1500  r.p.m.  and  the  slow-speed  shaft  at  120  r.p.m.  The  gear 
teeth  are  of  the  double  helical  type. 

sure  turbine  for  each  engine,  and  estimates  for  the  first 
unit  were  based  on  a  turbine  of  sufficient  capacity  to 
utilize  the  full  exhaust  of  two  engines,  but  the  piping 
arranged  to  accommodate  the  e.xhaust  of  three  engines. 
In  this  way  it  is  possible  to  operate  the  turbine  in  con- 
junction with  any  two  of  three  engines  at  full  capacity, 
or  all  three  engines  operating  at  somewhat  below  full 
rating. 

Inasmuch  as  the  determining  factor  from  a  fuel 
standpoint  is  the  amount  of  gas  required  to  develop  a 
compressor  horse-power  it  is  necessary  to  reduce  the 
test  data  to  this  basis.  The  Corliss  engines  are  capable 
of  developing  1660  compressor  indicated  horse-power 
when  running  condensing  at  a  rate  of  19.6  lbs.  steam  per 
compressor  indicated  horse-power  hour  including  the 
steam  required  for  the  condenser  serving  the  engine. 
As  1.5  cu.  ft.  of  gas  are  reifuired  under  the  boilers  to 
develop  one  pound  of  steam,  the  gas  consumption  rate 
for  the  engines  running  condensing  is  29.3  cu.  ft.  per 
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compressor  indicated  horse-power.  With  two  engines 
running  non-condensing,  each  developing  1660  compres- 
sor indicated  horse-power,  there  would  be  required 
81  400  lbs.  of  steam  per  hour.  Assuming  this  steam  is 
exhausted  into  a  low-pressure  turbine  served  by  a  jet 
condenser,  diere  would  be  developed  in  the  turbine  3050 
compressor  indicated  hor.'^e-power.  This  is  based  on 
using  the  exhaust  steam  of  the  turbine-driven  pumps 
and  deducting  for  the  moisture  content  due  to  conden- 
sation. This  gives  a  total  of  6370  compressor  indicated 
horse-power  developed  by  the  two  engines  and  turbine 
at  a  rate  of  21.2  cu.  ft.  of  gas  per  compressor  indicated 
horse-power-hour. 

The  saving  by  the  exhaust  steam  turbine  installa- 
tion amounts  to  not  less  than  27.5  percent,  that  is,  with 
two  engines  and  the  turbine  operating  as  a  unit  and 
running  at  full  capacity,  and  delivering  a  certain 
quantity  of  gas,  the  gas  consumed  for  fuel  is  27.5  per- 
cent less  than  would  be  the  case  were  that  same  quantity 
of  gas  pumped  by  engines  only,  but  running  condensing 
■ — or  to  put  it  another  way,  with  the  same  quantity  of 


FIG.    4 — THE   MAIN   DRIVEN   GEAR  WITH    ITS   SHAFT  AND  COMPRESSOR 

CRANKS 

The  gear  is  of  the  built-up  type,  the  teeth  being  cut  in  re- 
movable rims.  The  cranks  are  of  cast  steel  with  the  crank  pins 
an  integral  part  of  the  castings.  The  diameter  of  the  gear  is 
ten  feet. 

gas  used  as  fuel,  the  gas  pumped  by  the  engine-turbine 
combination  would  be  38  percent  greater  in  volume  than 
would  be  pumped  by  the  engines  alone,  exhausting  into 
their  own  conden.sers. 

More  important  than  the  fuel  consumption  and  first 
cost  of  the  turbine  geared  unit  was  assurance  that  this 
equipment  would  be  able  to  meet  the  severe  duty  re- 
quired and  give  continuous  service.  The  Ingersoll-Rand 
gas  compressing  cylinders  contemplated  were  among  the 
largest  in  the  country  for  this  purpose,  and  unusually 
heavy  cranks  and  cross-head  slide  frames  were  required 
to  transmit  the  3000  horse-power  for  the  relatively  short 
stroke  used.  This  in  turn  meant  particularly  severe  duty 
on  the  gear.  While  reduction  gears  had  been  built  to 
transmit  greater  horse-power,  none  had  been  contem- 
plated for  such  power  with  the  irregular  force  resulting 
from  reciprocating  pistons  driven  by  cranks  set  at  90 
degrees,  and  it  is  very  doubtful  if  this  problein  could 
have  been  met  successfully,  if  it  were  not  for  the  flexible 
frame  arrangeinent  of  the  Westinghouse  reduction  gear 


which  permits  and  maintains  very  uniformly  distributed 
tooth,  pressures. 

If  a  rigid  frrme  jc~r  we-^e  instr.llcd,  very  sli^it  er- 
rors of  alignment  in  gear  and  pinion  axes,  such  as  t.c 
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FIG.    5 — PINION    AND    FRAME    REMOVED   FROM    GEAR    BOX 

liable  to  occur  in  this  service  where  the  gear  is  not  sub- 
ject to  uniform  pressure  throughout  a  complete  revolu- 
tion, would  lead  to  serious  reduction  in  length  of  tooth 
contacts  and  consequently  to  more  than  proportionate 
rises  of  the  maximum  stresses  as  the  intensity  of  pres- 
sure at  the  reduced  contacts  is  necessarily  very  unevenly 
distributed.  The  possibility  of  this  difficulty  is  entirely 
avoided  by  the  introduction  of  the  flexible  frame  fea- 
ture, by  means  of  which  the  position  of  the  pinion  shaft 
is  wholly  controlled  by  the  interaction  of  the  teeth  in 
contact. 

The  object  of  the  flexible  frame  construction  is 
the  elimination  of  the  concentration  of  tooth  pressures 
due  to  slight  errors  in  alignment  caused  either  by  care- 
less erection  or  conditions  arising  incidental  to  operation. 
It  is  not  intended  that  this  feature  will  compensate  for 
errors  in  gear  cutting  as  has  been  wrongly  assumed  by 
many  engineers.  Almost  perfect  accuracy  in  tooth  cut- 
ting is  just  as  essential  in  flexible  frame  gear  applica- 
tions as  in  rigid  frames,  and  the  adjustment  of  the  gear 
cutters  is  continually  checked  to  make  certain  of  the 
degree  of  refinement  required. 

The  principle  upon  which  this  non-rigid  type  of 
pinion  support  is  based  is  shown  in  Fig.  5.     The  pinion 


KIG.   6 — I'lNluN    A.ND    IRAME    .MOUNTED  ON    I-BEAM    SECTION   IN   GEAR 

BOX 

bearings  are  carried  in  a  very  stifl:'  frame  supported  at 
the  middle  of  its  length  by  an  I-beam  section,  the  flexi- 
bility being  provided  by  the  web  of  the  I-beam.     When 
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the  teelh  arc  not  in  r.ioli  .he  1)1111011  sUi:i)ort  is  quite  free 
to  move  about  an  axis  transverse  to  the  axes  of  the  gear 
and  pinion,  and  wlien  the  teeth  are  in  mesh  the  exact 
operating  position  of  the  pinion  is  determined  principal- 


These  frames,  which  are  in?t-ir.ed  on  each  side  of  the  main 
gear  casing,  are  the  heaviest  for  the  length  of  the  stroke  (36 
inches)  ever  made  in  this  country.  Through  each  is  transmit- 
ted 1500  horse-power.  The  main  bearing  is  22  by  38  inches, 
the  crank  pin  13  by  13  inches,  and  the  crosshead  pins  11  by  13 
inches. 

ly  by  the  interaction  of  the  teeth.  In  this  manner  sHght 
errors  of  alignment  arising  from  improper  erection  or 
incidental  to  operation,  as  for  example  temperature 
variations,  are  compensated,  allowing  equality  of  tooth 
pressure  distribution. 


I  II     8 — COMPRESSOR    CYLINDERS 

The  cyHnders  in  this  unit  are  among  the  largest  in  use  in 
gas-compressing  service.  Each  has  a  diameter  of  27  inches 
and  tlie  piston  has  a  stroke  of  36  inches.  They  are  designed 
to  operate  against  a  discharge  head  of  325  lbs.  gage.  The 
heads  are  made  of  steel.  The  inlet  valves  are  of  the  "hurri- 
cane inlet"  type,  and  the  discharge  valves  are  of  the  "inside 
guide  hollow  stem  direct  lift  cushioned"  type.  With  an  intake 
pressure  of  109.5  lbs.  gage  (peak  load  intake)  the  energy  con- 
sumed in  compressing  gas  is  3040  horse-power  and  the  actual 
free  gas  delivery  per  24  hours  is  466000000  cubic  feet. 

It  is  customary  to  place  the  gear  and  pinion  axes  in 
a  horizontal  plane  as  indicated  in  Fig.  6,  but  in  the  in- 
stallation under  discussion  the  pinion  was  placed  above 
the  gear  as  shown  in  the  illustration  Fig.  3.  When  free- 
dom of  adjustment  is  permitted  in  the  vertical  plane  of 


the  pinion  due  to  the  flexure  of  the  web,  horizontal  mo- 
tion which  would  cause  instability  and  irregular  depth 
of  tooth  mesh  is  prevented  by  means  of  struts  bearing 
against  the  pinion  frame.  In  the  case  of  the  gear  driv- 
ing reciprocating  compressors  through  cranks  set  at 
ninety  degrees  the  angular  variation  in  torque  would  set 
up  a  weaving  motion  in  the  gear  shaft.  In  order  to 
provide  for  this  irregularity  the  pinion  was  set  above 
the  gear,  the  pinion  frame  being  held  rigid  in  the  vertical 
plane  and  freedom  of  motion  allowed  in  the  horizontal 
plane. 


FIG,    g — VVESTIXGHOrSE-I.EBLANC    CONDENSER 

i  iiis  condenser,  through  its  double  inlet,  is  directly  con- 
nectc  1  to  the  double  exliaust  outlets  of  the  turbine.  The  cir- 
cular, ;g  or  discharge  water  pump  is  directly  underneath  the 
condc  iser  mixing  chamber  and  the  Leblanc  rotating  type  air 
pumji  is  bolted  on  the  side  of  the  pump  chamber.  The  pump 
runuv  ;■  of  the  circulating  pump  and  the  air  pump  runner  are 
mour;cd  on  the  same  shaft.  These  are  the  only  moving  parts 
of  th :  condenser,  there  being  no  reciprocating  parts  or  valves. 
The  condenser  drive  connects  to  the  flanged  coupling  shown 
in  the  lower  left  hand  side  of  the  figure. 

The  installation  has  been  eminently  successful  and 
in  four  years  of  service  has  proven  itself  capable  of 
meeting  and  sustaining  the  severe  duties  imposed  upon 
it.  During  a  period  of  long  continued  demand  for  gas 
the  unit  operated  at  approximately  rated  capacity  for 
fifteen  weeks  without  shut  down.  Incidentally  the  far- 
sightedness of  the  engineers  in  installing  steam  driven 
compressors  is  demonstrated  by  the  fact  that  they  have 
since  rebuilt  the  boiler  settings  for  mechanical  stokers 
finding  it  more  profitable  to  burn  coal  and  sell  the  gas 
than  to  use  it  as  fuel. 


F.  D.  Newbury 
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THIS  ARTICLE  is  a  continuation  of  tlie  one  on  "Armature  Reaction   of   rdyphase   Alternators"   in 
the  April  issue.     Figure  numbers  below   17  refer  to  the  previous  article. 


SINGLE-PHASE  armature  reaction  may  be  in- 
vestigated by  the  same  methods  as  have  been  em- 
ployed for  the  study  of  polyphase  reaction.  The 
single-phase  winding  will  be  assumed  to  have  six  slots 
per  pole  and  the  coils  per  pole  arranged  in  two  groups, 
as  shown  in  Fig.  17.  This  should  be  compared  with 
Fig.  3.  The  directions  of  voltages  and  currents  and 
fluxe.=  (at  100  percent  power-factor)  are  determined  by 
the  elementary  principles  already  covered.  The  field 
set  up  by  the  current  in  the  armature  winding  with  the 
current  in  phase  with  the  no-load  voltage  is  shown  for 
different  positions  of  the  rotor  in  Figs.  18  to  21.  This 
flux  is  an  alternating  field,  stationary  in  space  instead 
of  the  rotating  field,  constant  in  magnitude,  that  results 
from  the  polyphase  currents.  Thus,  in  Fig.  18,  the 
armature  flux  has  its  maximum  value ;  in  Fig.  19  it  has 
decreased  to  0.7  of  this;  while  in  Fig.  20  the  armature 
field  has  entirely  disappeared. 

The  effect  of  change  of  current  phase  is  to  change 
the  relative  positions  of  the  maximum  armature  field 
and  the  rotor.  In  Fig.  18,  the  rotor  is  90  degrees  ahead 
of  the  maximum  armature  field.  lit  Fig.  22,  showing 
the  conditions  for  maximum  armature  current  when  the 
current  lags  behind  the  no-load  voltage  90  degrees,  the 
armature  field  directly  opposes  the  main  field. 

The  voltage  generated  in  the  armature  winding  at 
the  instants  of  time  corresponding  to  the  rotor  positions 
of  Figs.  18  to  21  is  proportional  to  the  sum  of  the  re- 
sultant flux  ordinates  immediately  over  the  several  con- 
ductors of  the  winding.  If  the  generated  voltage  wave 
is  obtained  in  this  way,  using  first,  the  no-load  flux 
curve;  second,  the  full-load,  100  percent  power- factor 
resultant  flux  curve;  and,  finally,  the  full-load  zero 
power-factor  resultant  flux  curve,  it  will  be  found  that 
these  three  voltage  curves  are  exactly  the  same  in  value 
and  phase.  From  this  it  would  appear  that,  in  the 
single-phase  alternator,  neither  the  power-factor  nor 
the  value  of  the  armature  current  has  any  effect  tend- 
ing to  reduce  the  generated  voltage.  This,  of  course, 
is  contrary  to  experience ;  yet  the  flux  diagrams  shown 
are  correct.  The  explanation  of  this  apparent  contra- 
diction is  that  the  simple  single-phase  armature  field  as 
shown  never  exists  in  a  practical  generator ;  it  can  only 
exist  when  the  rotor  is  not  present  or  in  a  generator 
having  a  perfectly  laminated  and  insulated  rotor. 

It  will  be  observed  from  the  diagrams  representing 
this  single-phase  armature  flux  that  the  m.m.f.  is  alter- 
nating and  stationary  in  space  with  respect  to  the  arma- 
ture conductors.  With  the  type  of  winding  shown  by 
Fig.  17,  in  which  adjacent  groups  of  coils  are  connected 
in  the  winding  in  reverse  directions,  this  alternating 
field  generates  a  voltage  in  one  group  of  coil  sides  that 
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is  equal  and  opposite  to  the  voltage  generated  in  the 
adjacent  group  of  coil  sides.  Thus  in  each  group  of 
slots  and,  consequently,  in 'the  complete  winding,  the 
effect  of  the  armature  flux  on  the  generated  voltage  is 
nil. 

This  alternating  armature  flux  can  onl)'  exist  when 
the  rotor  is  absent  or  in  the  ideal  case  of  a  perfectly 

laminated   rotor, 
because    the    pres- 
ence  o  f    any    con- 
ducting   circuit    in 
the    path    of    this 
flux  brings  into  ex- 
istence     secondary 
currents  and  fluxes 
that    modify    the 
armature  flux   and 
tend   t  o   wipe   out 
that    part    o  f    the 
armature  flux  that 
varies  with  respect 
to  the  rotor.      The 
alternator    with    a 
perfectly  laminated 
rotor    is    like    a 
transformer      with 
the    secondary    cir- 
cuit open.  The  en- 
tire  armature   flux 
is     "leakage"     flux 
and  is   effective   in 
g  e  n  e  r  a  t  ing    the 
counter    e.m.f.    of 
s  e  1  f-i  n  d  u  c  tion. 
Thus,  with  nonnal 
voltage      generated 
in    the    winding, 
only     a     negligible 
current    can     be 
drawn    from    the 
a  r  m  a  ture,    corre- 
sponding   to     the 
magnetizing     c  u  r- 
rent    of    a    trans- 
former  with   open 
single-phase     alternator,     like     the 
only     have     an     appreciable     cur- 
the    flux    due    to    the    armature 


Fig.  21 


FIGS.    17     TO     21 — SUCCESSIVE 
GKAMS 


FLUX     DIA- 


secondary.  The 
transformer,  can 
rent  flowing  when 
(or  primary)  current  is  neutralized  to  a  greater  or 
lesser  degree  by  an  opposing  secondary  flux.  In  an 
alternator  with  a  completely  laminated  rotor,  this  sec- 
ondary circuit  is  absent  or,  at  best,  very  ineffective,  and 
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the  armature  circuit  has  very  high  inductance;  if,  how- 
•ever,  a  cage  winding  of  low  resistance  is  added  to  the 
rotor,  a  very  effective  secondary  circuit  is  provided,  and 
practically  all  flux  variation  with  respect  to  the  rotor 
is  eliminated.  With  a  perfectly  laminated  rotor  the 
single-phase  armature  reaction  is  that  shown  by  the  dia- 
grams; the  armature  impedance  is  very  high  and  the 
alternator  cannot  maintain  its  voltage  with  an  appreci- 
able load.  With  a  perfect  damping  winding  on  the 
rotor,  the  single-phase  reaction  is  so  modified  that 
there  is  no  flux  variation  with  respect  to  the  rotor,  and, 
consequently,  the  single-phase  reaction  is  actually  very 
different  from  the  fields  shown  in  the  diagrams  and, 
in  effect,  is  the  same  as  a  polyphase  reaction. 

This  transformation  of  the  single-phase  magnetic 
field  into  a  field  having  the  same  characteristics  as  the 
field  set  up  by  a  polyphase  winding  is  most  readily  ex- 
plained by  means  of  diagrams  of  the  fluxes  existing  at 
different  instants  of  time.  In  the  single-phase  genera- 
tor with  a  cage  winding  on  the  rotor,  there  exists  the 
flux  due  to  current  in  the  single-phase  armature  wind- 
ing; a  fiux  due  to  polyphase  currents  induced  in  the 
cage  winding  by  the  single-phase  armature  flux ;  and, 

finally,  a  resultant 
of  these  two  fluxes 
which  is  the  true 
armature  reaction. 
T  o  simplify 
the  diagrams,  i  t 
will  b  e  assumed 
that  the  armature 
flux  has  a  sine 
shape,  instead  of 
the  stepped  form, 
as  previously  used,  and  that  the  armature  wind- 
ing is  concentrated  in  two  slots.  In  Fig.  23  this 
armature  coil  is  represented  at  AA'  and  the  shape  of 
the  armature  flux  in  space  is  represented  by  the  sine 
curve  ADA'.  The  position  of  the  armature  flux  is  de- 
termined by  the  space  position  of  the  armature  coil. 
The  simultaneous  position  of  the  rotor  poles  and  the 
direction  of  motion  are  as  shown,  and  correspond  to 
the  assumptions  made  in  the  previous  diagrams.  The 
cage  winding  is  represented  by  two  coils  spaced  90  de- 
grees apart,  XX'  (located  on  the  centers  of  adjacent 
poles)  and  YY'  (located  midway  between  poles).  The 
cage  winding  is,  in  effect,  a  polyphase  winding  having 
as  many  phases  as  there  are  bars  per  pole,  but  its  effects 
can  be  shown  equally  well  by  treating  it  as  a  two-phase 
winding.  Consider  first  the  voltages  generated  in  the 
cage  winding  by  the  alternating  armature  flux  as  if  the 
two-cage  winding  phase  circuits  were  open.  This  vol- 
tage is  due  to  two  actions,  the  transformer  action  of 
the  alternating  armature  flux  and  the  generator  action 
of  the  rotating  winding.  There  would  be  a  voltage 
generated  in  the  cage  winding,  due  to  the  varying  arma- 
ture field,  even  though  the  cage  winding  did  not  rotate, 
and  similarly,  there  would  be  a  voltage  generated  in  the 
cage  winding  due  to  its  rotation,  even  though  the  arma- 
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ture  field  were  constant.  The  combined  effect  of  these 
actions  can  be  observed  by  determining  the  total  flux  en- 
closed by  the  two  coils  representing  the  cage  winding 
at  different  times.  The  voltage  generated  in  the  coils 
will  be  proportional  to  the  change  in  flux  enclosed  dur- 
ing equal  intervals  of  time.  Thus,  in  Fig.  23,  the  coil 
XX'  of  the  cage  winding  is  exactly  opposite  the  arma- 
ture coil  and  encloses  the  total  armature  flux  of  one 
polarity.  In  Fig.  24  the  relations  existing  after  the 
rotor  has  moved  45  degrees  are  illustrated.  The  arma- 
ture flux  has  the  same  position  as  in  Fig.  23,  but  has 
decreased  to  0.7  of  its  former  value.  The  movement 
of  the  rotor  has  carried  the  cage  winding  coil  A'A''  to  a 
new  position,  such  that  it  encloses  three-quarters  of  the 
armature  flux  of  one  polarity  and  one-quarter  of  the 
flux  of  the  o[)posite  polarity.  The  eft'ective  armature 
flux  enclosed  by  the  cage  winding  coil  ,YA"  is  that  part 
XCDY  (shown  with  single  cross-hatching).  The  ef- 
fect of  the  armature  flu.x  YA'D  is  neutralizied  by  that 
of  the  flux  A  X  C  .     Thus  by  rotating  the  cage  winding 

coil  45  degrees, 
the  effective  flux 
enclosed  by  it  has 
decreased  from 
the  value  repre- 
sented by  the  area 
XDX',  in  Fig.  23, 
to  the  value  re- 
presented by  the 
area  XCDY,  i  n 
Fig.  24.  If  the 
area  of  XDX'  is 
taken  as  unity,  the 
area  of  XCDY 
will  be  0.50;  the 
difference  between 
these  areas  (0.50) 
is  pioportional  to 
the  change  in  flux  and,  consequently,  is  proportional  to 
the  average  voltage  generated  during  this  interval. 

In  Fig.  23  the  cage  winding  coil  }'}''  encloses  one- 
half  of  the  armature  flux  of  one  polarity  and  one-half 
of  the  flux  of  the  other  polarity;  the  net  result  is  that 
coil  YY'  encloses  zero  flux.  In  Fig.  24  the  coil  YY'  en- 
closes net  flux  equal  to  X'C'D'  Y'  which  has  the  same 
value  as  the  net  flux  enclosed  by  coil  A'A"  but  has  the 
opposite  polarity.  Thus,  the  flux  enclosed  by  coil  YY' 
changed  from  zero  to  0.50  in  rotating  45  degrees.  The 
direction  of  the  voltage  generated,  according  to  the 
fundamental  law  of  induction,  is  such  as  to  oppose  the 
change  in  flux ;  thus  an  increasing  positive  flux  gene- 
rates a  negative  voltage,  a  decreasing  positive  flux  gen- 
erates a  positive  voltage,  a  decreasing  negative  flux  gen- 
erates a  negative  voltage,  and  an  increasing  negative 
flux  generates  a  positive  voltage.  Thus  in  coil  XX'  the 
voltage  generated  is  negative;  and  in  coil  YY'  the  vol- 
tage generated  is  also  negative. 

The  voltages  induced  in  the  cage  winding  can  be 
determined  in  a  similar  manner  for  as  many  positions 


FIGS.   23    AND    24 — EFFECT   OF    CAGE    WIND- 
ING   IN    PRODUCING    A    FLUX     WAVE 
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of  the  rotor  as  desired.  In  Table  I  are  shown  the  flux 
values  and  the  change  in  flux  for  nine  positions  of  the 
rotor,  22.5  degrees  apart,  starting  with  the  position 
shown  in  Fig.  23.  The  values  of  enclosed  flux  in  Table 
I  were  determined  from  a  diagram  of  the  form  shown 
in  Fig.  25.  This  shows  in  a  convenient  way  the  values 
of  armature  flux  for  the  nine  different  times  selected 
and  shows  the  corresponding  positions  of  the  two  cage 
winding  coils. 

Figs.  26  and  27  are  plots  of  the  flux  and  voltage 
values  in  the  preceding  table;  Fig.  26  shows  conditions 
for  coil  A' A"'  and  Fig.  27  for  coil  YY'.  It  will  be  seen  at 
once  that  while  the  rotor  has  turned  through  180  de- 
grees the  voltage  induced  in  the  cage  winding  has  com- 
pleted a  cycle,  or  360  degrees ;  that  is,  the  voltage  gen- 
erated in  the  cage  winding  has  a  frequency  double  that 
of  the  voltage  generated  in  the  armature  winding.  The 
physical  reason  for  this  double  frequency  is  the  exist- 
ence of  two  actions,  each  resulting  in  voltage  genera- 
tion :  voltage  is  generated  by  the  variation  of  the  arma- 
ture winding  flux,  as  in  a  transformer,  and  voltage  is 
generated  by  the  rotation  of  the  cage  winding  as  in  a  re- 
volving-armature alternator.     The  effects  of  these  two 


Center  Line  of 
North  Pole  of 
Rotor 


FIG.   25 — ARMATURE  FLUX   WAVES 

Taken  at   nine   different   times  and  positions   and   showing 
the  corresponding  positions  of  the  two  cage  windings. 

actions  can  be  separately  shown  by  the  same  methods 
of  analysis  as  already  used  in  determining  the  results  of 
their  combined  action.  First,  consider  winding  YY', 
as  this  happens  to  be  somewhat  the  simpler.  If  the 
armature  flux  is  assumed  to  be  constant,  the  flux  en- 
closed by  the  coil  YY'  will  vary,  due  to  its  rotation. 
This  variation  is  readily  determined  from  Fig.  25,  using 
the  armature  flux  corresponding  to  position  (i)  for  all 
positions  of  the  rotor.  These  values  of  flux  and  volt- 
age are  shown  in  columns  j  and  4  of  Table  II  and  in 
curves  i  and  A  of  Fig.  28.  It  will  be  seen  that 
the  flux  enclosed  by  the  coil  in  various  positions  of  the 
rotor  varies  from  zero  in  position  (i)  to  a  maximum 
in  position  (5)  and  this  curve  has  the  same  shape  and 
values  as  the  curve  representing  the  space  distribution 
of  the  armature  flux  in  Fig.  25.  The  voltage,  propor- 
tional to  the  rate  of  change  of  flux,  is  a  sine  curve  of 
fundamental  frequency  lagging  behind  its  flux  by  90  de- 
grees. 

The  effect  of  the  variation  in  armature  winding 
flux  that  actually  occurs,  may  be  seen  by  determining 
the  reduction  in  the  flux  enclosed  by  coil  YY'  in  each 


rotor  position,  due  to  the  difterence  between  the  as- 
sumed constant  armature  winding  flux  and  the  flux  that 
actually  exists.  Thus  in  position  (i)  the  assumed  and 
actual  fluxes  are  identical.  In  position  (2)  the  actual 
enclosed  flux,  considering  the  combined  effect  of  mo- 
tion and  of  the  changing  flux  is  equal  to  the  enclosed 
flux  based  on  constant  armature  flux,  multiplied  by  the 
area  enclosed  by  curve  2,  Fig.  25  (the  area  of  curve  i 
being  unity)  ;  or  it  is  0.38  (column  j,  Table  II)  multi- 
plied by  0.92,  which  equals  0.35.  Column  5,  Table  II, 
shows  these  values  for  the  nine  rotor  positions  and 
column  6,  which  shows  the  difference  between  the  suc- 
cessive flux  values  of  column  5,  with  the  algebraic  sign 
reversed,  represents  the  voltage  induced  by  the  resultant 
rate  of  change  of  flux.  These  values  are  identical  with 
the  values  of  column  6,  Table  I,  as  they  represent  the 
same  voltage. 

The  two  sets  of  flux  values  and  of  voltage  values 
are  plotted  in  Fig.  28.  Flux  curve  /  and  voltage  curve 
A  represent  conditions  due  to  rotation  only — the  arma- 

TABLE  I 


.■\rea  uf  Flnclosed 

1 

Flux 

Voltage  Generated      | 

(I) 

(2) 

[Position 

(3)                  (4) 

(5) 

(6) 

Degrees 

By  Coil        By  Coil 

In  Coil 

In  Coil 

XX'               YY' 

XX' 

VY' 

I  (Fig.  23) 

0. 

—  LOO 

00 

—0.15 

—0.35 

2 

22.5 

—0.85 

+0.35 

-0.35 

—0.15 

3  (Fig.  24) 

45 

—0.50 

+0.50 

—0.35 

+0.1 5 

4 

67.5 

—0.15 

+0.35 

—0.15 

+0.35 

5 

90 

00 

00 

+0.1 5 

+0.35 

6 

1 12.5 

—0.15 

—0.3s 

+0.35  . 

+0.IS 

7 

135 

—0.50 

—0.50 

4-0.35 

—0.15 

8 

157.5 

-0.85 

— <).35 

-fo.15 

—0.3s 

9 

180 

—LOO 

00 

ture  flux  being  assumed  constant  at  its  maximum  value. 
Flux  curve  2  and  voltage  curve  B  represent  the  result- 
ant enclosed  flux  and  voltage  induced  by  the  combined 
effect  of  motion  and  change  in  flux.  Curves  /  and  A, 
based  on  the  assumption  of  an  exciting  field  of  constant 
value,  (as  if,  for  instance,  the  armature  winding  were 
excited  by  direct-current,  and  the  conductors  were  so 
distributed  that  a  sine-shaped  field  was  produced)  are 
sine  curves  of  fundamental  frequency.  The  flux  curve 
/.  in  fact,  duplicates  in  shape  the  assumed  constant 
value  armature  flux.  The  actual  flux  and  voltage  values 
differ  from  these  on  account  of  the  actual  reduction  in 
armature  flux  values  from  the  assumed  constant  values. 
At  position  /  (zero  degrees)  the  actual  and  assumed 
flux  values  are  the  same;  at  position  2,  (22.5  degrees 
from  i)  the  actual  flux  enclosed  is  92  percent  of  the 
assumed  flux  because  the  actual  armature  exciting  flux 
has  decreased  to  92  percent  of  its  assumed  constant 
value ;  at  position  5  (45  degrees  from  j)  the  actual  flux 
enclosed  by  the  cage  winding  coil  is  71  percent  of  its 
assumed  value;  at  position  4,  it  is  38  percent,  and  at 
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position  ji  it  has  been  reduced  to  zero  because  at  this 
position  the  actual  armature  current  and  flux  are  zero. 
Thus,  there  is  one  zero  value  of  enclosed  flux  at  posi- 
tion /  due  to  the  position  of  the  cage  winding  coil —that 
is  due  to  rotation,  and  a  second  zero  value  at  position  3 
due  to  the  variation  in  armature  flux.  Beyond  posi- 
tion 5,  the  direction  of  the  enclosed  flux  reverses  be- 
cause the  armature  flux  reverses.  There  is,  then,  a 
double  frequency  flux  and  voltage  produced  in  the  cage 
winding  coil,  because  of  the  combined  effect  of  rotation 
and  exciting  flux  variation.  The  actions  taking  place 
in  the  other  cage  winding  phase,  coil  XX',  can  be  shown 
in  the  same  way.  The  numerical  values  of  fluxes  are 
given  in  Table  III,  and  these  values  are  plotted  in  Fig. 
29.     While  the  shape  of  the  component  curves  differs 
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The  cage-winding  voltages  were  determined  on  the 
basis  of  armature  current  in  phase  with  the  armature 
voltage,  and  the  armature  current  is  so  indicated  in  Fig. 
30.  The  cage-winding  currents  lag  one-quarter  cycle, 
because  the  cage-winding  circuits  are  practically  induc- 
tive; the  cage  winding  is  effective  in  proportion  to  the 
approach  to  this  condition,  and  in  practice  the  resistance 
is  made  as  small  as  practicable. 

The  time  and  space  relations  of  the  fluxes  set  up  by 
the  armature  and  cage  windings  are  illustrated  in  Figs. 
31  to  35.  In  these  figures  A  A'  is  the  armature  coil  and 
XX'  and  YY'  are  the  cage-winding  phases,  as  in  pre- 
vious diagrams.     The  armature  and  cage-winding  cur- 


Fig.  27 

FIUS.    26    .\ND    27 — FLUX     .\ND    VOLTAGE 
W.-WF-S  FOR  COILS  A'.Y '    .^ND   YY' 

radically  from  the  corresponding  curves  of  Fig.  28,  the 
resultant  curves  are  the  same  except  for  the  45  degree 
difference  in  phase. 

In  the  case  of  coil  A'A'',  it  is  possible  to  arrive  at 
the  same  result  by  starting  with  che  assumption  of  a 
stationary  cage  winding,  determining  the  voltage  in- 
duced by  the  varying  armature  flu.x  and  then  determin- 
ing the  change  in  flux  caused  by  rotation.  The  results 
of  this  method  are  shown  in  Table  IV. 

If  the  direction  of  the  voltage  generated  in  the 
armature  winding  by  the  main  exciting  field  be  deter- 
mined in  accordance  with  the  same  method  and  con- 
ventions as  used  for  determining  the  direction  of  the 
voltages  in  the  cage  winding — it  is  found  that  the  main 
voltage  is  negative,  and  has  its  maximum  value  in  posi- 
tion /,  Fig.  25.  Fig.  30  shows  the  relative  directions 
and  time  phases  of  the  armature  voltage  and  the  cage- 
winding  voltages  (transferred  from  Figs.  28  and  29). 
The  cage-winding  currents  in  Fig.  30  are  shown  lag- 
ging one-quarter  cycle  behind  their  respective  voltages. 


Fig.  29 


FIGS.    28   .\ND  29 — FLUX   .\XD  VOLT.AGE   W.WES 

Assuming  constant  armature  flux. 

rents  produce  fluxes  having  the  same  relative  instan- 
taneous values  and  directions  as  their  respective  cur- 
rents. The  space  relations  are  determined  by  the  posi- 
tions of  the  several  coils.  Each  of  the  diagrams  show 
the  space  distribution  of  the  fluxes  at  one  instant  of 
time.  In  Fig.  31,  the  time  is  that  corresponding  to  zero 
degrees  of  Fig.  30,  or  position  /  of  Fig.  25.  The  arma- 
ture flux  has  its  maximvun  negative  value  corresponding 
to  the  value  of  the  current  in  Fig.  30.  This  direction 
is  opposite  to  that  of  the  trailing  A^  pole,  as  previously 
established  (Fig.  17).  Coil  A'A'  produces  its  maximum 
flux  in  the  positive  direction  as  shown  by  the  current  in 
Fig.  30,  and  coil  )'}''  produces  no  flu.x,  since  at  this  in- 
stant the  current  in  }'}*'  is  zero.  The  maximum  value 
of  the  cage  winding  flux  is  shown  as  one-half  the  maxi- 
mum value  of  the  armature  flux.  This  relation  exists 
because  the  flux  enclosed  by  each  phase  of  the  cage 
winding,  as  illustrated  by  Figs.  26  and  27,  or  28  and  29, 
is  one-half  of  the  armature  flux.  The  flux  produced  by 
the  current  in  each  cage-winding  phase  is,  neglecting 
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TABLE  II— FLUXES   ENCLOSED  BY  AND  VOLTAGES  INDUCED  IN  COIL  YY' 

Starting  with  assumption  of  constant  armature  flux. 


(1) 

(2) 

{3) — FIu-V  Enclosed  \i\ 

1 

(4)— \'oltage 

(5) — Enclosed  Flux  Considering 

(6)— Vultage 

Coil  .Assuming  Con- 

Induced by 

Combined  Effect  of  Motion  and 

Induced  bv 

Position 

Degrees 

stant  Armature  Flu.x 

Changes  in  (3) 

Change  of  Flux 

(*hanges  in  (5) 

I 

0 

0 

—0.38 

oX  1.00  =  0 

—0.35 

2 

22.5 

+0.38 

—0.33 

+0.38  X  (+0.92)  =+0.35 

—0.15 

3 

45 

+0.71 

— 0.21 

+0.71  X  (+0.71)  =+0.50 

+0.15 

4 

67.5 

+0.92 

—0.08 

+0.92  X  (+0.38)  =  +0.35 

+0.35 

5 

90 

+1.00 

+O.0S 

+1.00  X  0  =  0 

+0.35 

6 

1 12.5 

+0.92 

+0.21 

+0.92  X  (—0.38)  =  —0.35 

+0.15 

7 

135 

+0.71 

+0.33 

+0.71  X  (—0.71)  =—0.50 

—0.1 5 

8 

I57.S 

+0.38 

+0.38  - 

+0.38  X  (-0.92)  =  -0.3s 

—0.35 

9 

180 

0 

0  X  1.00  =  0 

Curve  I,  Fig.  28 

Curve  A,  Fig.  2g 

Curve  2,  Fig.  28 

Curve  B,  Fig.  28 

TABLE  III— FLUXES  ENCLOSED  BY  AND  VOLTAGES  INDUCED  IN  COIL  XX' 
Starting  with  assumption  of  constant  armature  flux. 


(1) 

Position 

(2) 

Degrees 

{3) — Flu-v  Enclosed  b\- 
Coil  Assuming  Con- 
stant .Armature  Flux 

(4) -Voltage 

Induced  by 

Changes  in   (3) 

(5) — Enclosed  Flux  Considering 

Combined  Effect  of  Motion  and 

Change  of  Flux 

(6)  —Voltage 

Induced  by 

Changes  in    (5) 

I 

0 

— I.OO 

—0.08 

— I.OOX  (  +  1.00)  =— I.OO 

—0.15 

2 

22.5 

—0.92 

— 0.21 

— O.92X   (+0.92)  =—0.85 

—0.35 

3 

45 

—0.71 

— O.71X  (+0.71)  =—0,50 

4 

67.5 

—0.38 

—0.33 
—0.38 

— O.38X   (+0.38)  =-0.15 

-0.35 
—0.15 

5 
6 

7 

90 

1 12.5 
135 

0 

+0.38 
+0.71 

-0.38 
—0.33 

0X0  =  0 

+0.38  X  (—0.38)  =-0.15 
+0.71  X  (—0.71)  =—0.50 

+0.15 
+0.35 

8 

157.5 

+0.92 

—0.21 
—0.08 

+0.92 X  (—0.92)  =—0.85 

+0.35 
+0.15 

9 

180 

+1.00 

+1.00  X  ( — l-OO)  = — I.OO 

Curve  I,  Fig.  29 

Curve  A,  Fig.  29 

Curve  2,  Fig.  29 

Curve  B,  Fig.  29 

TABLE  IV— FLUXES  ENCLOSED  BY  AND  VOLTAGES  INDUCED  IN  COIL  XX' 

Starting  with  assumption  o£  stationary  cage  winding  coil. 


(I) 

(2) 

[\) — Net  Area  of  Arma- 

(4)—Voltage 

(5)  — Encli)Sed  Flux  Considering 
Combined  EfTecl  of  Motion  and 

(6J  — \'oltage 

ture  Flux  .Assuming 

Induced  bv 

Induced  bv 

Position 

Degrees 

Coil  Stationary 

Changes  in  (3) 

Change  of  Flux 

Changes  in    (5) 

I 

0 

—  I.OO 

—0.08 

— I.OOX   (+1.00)  = — I.OO 

—0.15 

2 

22.5 

—0.92 

—0.21 

— O.92X   (+0.92)  =—0.85 

—0.35 

3 

45 

—0.71 

—0.33 

—0.71  X  (+0.71)  =—0.50 

—0.35 

4 

67.5 

-0.38 

-0.38 

-0.38  X  (+o.38)=-o.is 

-0.15 

5 

90 

0 

-0.38 

0X0  =  0 

+0.15 

6 

112.5 

+0.38 

—0.33 

+0.38  X  (—0.38)  =-0,15 

+0.35 

7 

i35_ 

+0.71 

—0.21 

+0.71  X  (—0.71)  =—0.50 

+0.35 

8 

157.5 

+0.92 

—0.08 

+0.92  X  (—0.92)  =  —0.85 

+0.15 

9 

180 

+1.00 

+  1.00 X  (—1.00)  =— I.OO 

1 

leakage  and  resist- 
ance, equal  and  op- 
posite to  that  part  of 
the  armature  flux  en- 
closed by  the  cage 
winding.  As  a  mat- 
ter of  fact,  this  fun- 
damental relation 
gives  at  once  the 
phase  as  well  as  the 
magnitude  of  the  flux 
produced  by  each 
cage-winding  phase 
without  taking  the  in- 
termediate steps  of 
determining  the  cage- 
winding  voltage  and 
current.  It  will  be 
seen  that  the  cage- 
.winding  current 
cun'es  in  Fig.  30  are 
the  images  of  the  en- 
closed flux  curves  of 
Figs.  26  and  27. 

The  field  set  up 
by  the  complete  cage 
winding  at  this  in- 
stant is  that  set  up  by 
phase  XX' .  This  flux 
combines  with  that  of 
the  armature  winding 
to  produce  the  result- 
ant armature  reac- 
tion, as  shown. 

At  a  later  time, 
when  the  rotor  has 
turned  22.5  degrees, 
the  flux  relations  are 
as  shown  by  Fig.  32. 
The  armature  flux  oc- 
cupies the  same  posi- 
tion in  space,  but  has 
decreased  to  92  per- 
cent of  its  former 
value  (see  Fig.  30). 
The  space  position  of 
the  flux  due  to  XX' 
has  advanced  22.5  de- 
grees (with  the  rotor) 
and  has  decreased  i  n 
magnitude  to  0.7  of 
its  former  value  (see 
Fig.  30).  The  cur- 
rent in  cage-winding 
phase  YY'  has  in- 
creased from  zero  to 
0.7  of  its  maximum 
value,  but  i  n  t  h  e  op- 
posite direction  to 
that  of  the  current  in 
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XX'.  The  flux  set  ui)  by  this  current  is  located  in  space 
by  the  position  of  coil  YV  as  shown.  The  fluxes  due  to 
the  two  cage-winding  phases  combine  to  form  the  cage- 
winding  flux,  and  this,  in  turn,  combines  with  the  arma- 
ture flux  to  produce  the  resultant  armature  reaction. 
The  ordinates  of  the  curve  marked  cage-winding  flux 
are  the  algebraic  sum  of  the  corresponding  ordinates  of 
the  curves  XX'  and  YY';  similarly,  the  ordinates  of  the 
curve  representing  the  resultant  armature  reaction  are 
the  algebraic  sum  of  the  corresponding  values  of  the 
cage-winding  flux  and  the  armature  winding  flux. 

Flo's.  2>i>  34  ^"'^  35  show  the  armature  flux,  the 
cage-winding  flux,  and  the  resultant  armature  reaction 
for  additional  instants  of  time  and  positions  of  the  rotor 
varying  by  22.5  degrees.  In  each  case,  the  values  of  the 
fluxes  have  been  determined  from  the  values  of  currents 
shown  by  Fig.  30,  and  the  space  locations  have  been  de- 
termined by  the  space  positions  of  the  several  windings. 

Comparing  the  resultant  fluxes  shown  in  these 
figures, -it  is  seen  that  the  field  established  by  the  poly- 
phase cage  winding  is  a  rotating  field  of  constant  value 
as  in  other  polvphase  windings;  but  that  the  speed  of 
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poles  and  exciting  winding.  With  a  rotating  field  alter- 
nator the  currents  generated  in  the  stationary  armature 
produce  a  field  that  rotates  in  the  same  direction  as  the 
rotor  but  still  in  a  direction  contrary  to  the  relative  mo- 
tion of  the  armature.  ( See  Figs.  3  and  11).  The  cage- 
winding  is  analogous  to  the  armature  winding  in  the 
polyphase  alternator,  and  since  the  cage-winding  is 
located  on  the  rotor  and  the  exciting  winding  is  station- 
ary, the  field  established  by  the  currents  in  the  cage- 
winding  rotates  in  a  direction  contrary  to  that  of  the 
cage-winding  itself,  as  in  the  rotating  armature  alterna- 


FIG.   30 — RELATIVE   DIRECTIONS    AND   TIME    PHASES 

Of  the  armature  and  cage-winding  voltages. 

rotation,  with  respect  to  the  rotor,  is  twice  the  rotor 
speed,  and  the  direction  of  rotation  is  contrary  to  that 
of  the  rotor.  In  Fig.  31,  the  maximum  point  of  the 
cage-winding  flux  B  is  located  midway  between  N  and 
S  main  poles.  In  Fig.  33,  the  corresponding  maximum 
point  B  is  located  directly  in  line  with  the  A''  pole.  Thus, 
while  the  rotor  has  turned  45  degrees,  mechanically,  the 
cage- winding  flux  has  rotated  one-half  pole  pitch  or  90 
degrees,  with  respect  to  the  rotor.  With  respect  to  the 
stationary  armature  winding,  the  cage  winding  field  has 
moved  45  degrees — qr  at  the  same  speed  as  the  r^'lor. 
The  speed  is  double  that  of  the  rotor,  because  of  the 
double  frequency  voltages  and  currents  generated  in  the 
cage-winding  by  the  armature  flux.  The  opposite  di- 
rection of  rotation  of  the  rotating  field  follows  directly 
from  the  location  of  the  cage-windings  on  the  rotor. 
The  reason  for  this  may  be  clearer  if  the  analogous 
conditions  in  the  polyphase  alternator  are  reviewed. 
With  a  rotating  armature  winding,  the  field  established 
by  the  armature  currents  rotates  in  a  direction  contrary 
to  that  of  the  mechanical  rotation  of  the  winding,  and 
is,  therefore,  stationary  with  respect  to  the  stationary 
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FICS.    .31    TO  35 — SUCCESSU'E   FLUX    WAVES 

tor.  Since  the  speed  of  rotation  of  the  cage-winding 
field  is  double  that  of  the  rotor,  the  field  rotates  at  syn- 
chronous speed  with  respect  to  the  stationary  armature 
winding. 

It  is  also  evident  from  inspection  of  Figs.  31  to  35 
that  the  resultant  of  the  armature  flux  and  cage-wind- 
ing flux — the  true  armature  reaction — is  a  field  of  con- 
stant magnitude  that  is  stationary  in  space  with  respect 
to  the  rotor.  In  each  of  the  several  figures  represent- 
ing different  rotor  positions,  the  curve  of  resultant  arm- 
ature reaction  has  its  maximum  value  midway  between 
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the  N  and  5  main  poles  of  the  rotor,  this  sj)ace  position 
of  maximum  flux  moving  synchronously  with  the  rotor. 
The  resultant  single-phase  reaction  is  therefore  a  mag- 
netic fieki  of  the  same  nature  as  the  field  set  up  by  a 
polyphase  winding.  Thus  it  is  that  single-phase  arma- 
ture reaction  is  a  special  case  of  polyphase  armature 
reaction. 

While  it  has  taken  considerable  time  and  space  to 
show  that  the  alternating  field  set  up  by  the  single-phase 
armature  current  does  become  a  rotating  field  of  con- 
stant value,  the  reason  why  can  be  quickly  stated.  As 
long  as  there  is  any  part  of  the  stationary  alternating 
field  due  to  the  armature  winding  in  existence  that 
varies  either  in  value  or  position  with  respect  to  the  ro- 
tor, it  generates  a  voltage  in  the  rotor,  and  this  voltage, 
in  turn,  produces  a  flux  tending  to  wipe  out  the  exciting 
flux.  Thus  with  the  assimiptions  of  perfect  flux  link- 
age between  the  armature  and  cage  windings,  and  of  no 
loss  in  the  cage-winding,  there  can  be  no  part  of  the 
armature  flux  remaining,  except  that  part  that  does  not 
vary  with  respect  to  the  rotor.  The  rotor,  provided 
with  a  perfect  cage-winding,  obliterates  all  except  that 
flux  rotating  synchronously  with  it. 

In  this  article,  the  single-phase  reaction  has 
been  treated  as  the  resultant  of  two  component  fields ; 
one  component  is  the  pulsating  field  due  to  the  current 
in  the  armature  winding  that  would  exist  were  the  ro- 
tor absent;  the  other  component  is  the  field  set  up  by 
the  current  in  the  cage-winding,  these  currents  being 
caused  by  the  first  component  field.  This  method  of 
analysis  introduces  no  conceptions  other  than  the  fun- 
damental ones  of  a  pulsating  single-phase  field  set  up 
by  the  single-phase  current  in  the  armature  winding,  and 
the  voltage  generated  in  a  second  winding  by  the  flux 
due  to  the  first.  From  this  point  of  view,  it  is  correct 
to  say  that  the  armature  reaction  of  a  single-phase  gen- 
erator is  a  synchronously  rotating  field.  It  is  not 
necessary  to  account  for  the  double  frequency  current 
in  the  cage-winding  by  decomposing  the  pulsating 
single-phase  field  into  two  oppositely  rotating  fields ;  it 
follows  directly  from  the  double  frequency  voltage  gen- 
erated in  the  cage-winding  by  the  combined  effect  of 
flux  pulsation  and  winding  rotation. 

This  conception  of  two  oppositely  rotating  fields  is 
quite  generally  used  in  explaining  the  actions  of  single- 
phase  fields.  It  is  easy  to  see  that  two  such  rotating  fields 
are  equivalent  to  a  single  pulsating  field  stationary  in 
space.  When  the  two  rotating  fields  are  in  phase,  the 
pulsating  field  has  its  maximum  value.  Therefore  the 
rotating  fields  must  have  one-half  the  maximum  value 
of  the  pulsating  field.  When  each  rotating  field  has 
turned  90  degrees  they  are  equal  and  opposite;  and  the 
pulsating  field  is  zero.     At  intermediate  points  the  re- 


sultant field  is  constant  in  position  and  varies  sinusoid- 
ally  in  value.  By  this  conception  the  existance  of  double 
frequency  currents  in  the  cage-winding  is  also  simply 
e.xplained.  The  backwardly  rotating  component  field 
cuts  the  rotor  winding  at  double  synchronous  speed, 
and  generates  in  it  double  f requeue}-  voltage ;  since  the 
winding  is  closed,  currents  flow  that  tend  to  establish  a 
field  opposing  the  initiating  field,  and  the  voltage  and 
current  in  the  cage-winding  increase  until — barring 
electrical  losses  and  flux  leakage — the  backwardly  rotat- 
ing field  is  completely  wiped  out.  This  component  hav- 
ing been  disposed  of,  there  remains  only  the  forwardly 
rotating  field  as  the  equivalent  armature  reaction. 

Of  course,  these  two  methods  are  both  correct  and 
lead  to  identical  results.  The  first  method  is  obviously 
more  involved  and  more  diflicult  to  follow.  It  has  been 
used  here  in  spite  of  these  draw-backs  because  it  ap- 
pears to  the  writer  as  the  logical  step-by-step  method  of 
approach ;  it  shows,  for  example,  the  fundamental  im- 
portance of  the  cage-winding,  that  without  a  path  "for 
polyphase  currents  in  the  rotor  the  single-phase  reaction 
would  be  a  pulsating  field  and  the  armature  could  not 
deliver  current.  The  two  rotating  field  method  e.xiJlains 
what  happens,  while  the  other  method,  in  addition,  more 
completely  explains  how  it  happens.  The  expedient 
of  two  oppositely  rotating  fields  is  a  short  cut  that  is 
extremely  useful  in  arriving  quickly  at  results ;  the 
longer  and  more  direct  method  is  mainly  of  educational 
value. 

It  has  been  shown  that  the  true  armature  reaction 
of  the  single-phase  alternator  is  of  the  same  nature  as 
the  armature  reaction  of  the  polyphase  alternator.  It 
follows  then  that  the  effects  of  armature  reaction  on 
generated  voltage  are  also  of  the  same  nature  as  in  the 
polyphase  alternator.  The  single-phase  armature  re- 
action combines  with  the  main  flux,  producing  a  result- 
ant flux  as  shown  in  the  diagrams  of  conditions  in  the 
polyphase  machine.  The  effect  of  power-factor  is  also 
the  same.  While  the  analysis  of  single-phase  reaction 
was  based  on  an  assumption  of  100  percent  power-fac- 
tor, the  choice  of  another  power-factor  will  only  have 
the  effect  of  producing  corresponding  phase  changes  in 
the  cage-winding  currents  and  fluxes.  The  resultant  of 
the  armature  flux  and  the  cage-winding  flux  will  be 
the  same  except  for  the  different  relative  positions  of 
resultant  armature  reaction  and  main  exciting  flux. 


Correction — There  is  an  error  in  the  previous  installment  of 
this  article  that  should  be  corrected.  Fig.  5  is  incorrect  in 
that  the  flux  of  only  one  polarity  has  been  considered.  There 
is  also  an  equal  flux,  opposite  in  polarity  and  displaced  180 
electrical  degrees  from  the  flux  shown  in  Fig.  5.  When  both 
these  polarities  are  taken  into  account  the  armature  flux  of 
the  winding  represented  by  P"ig.  5  is  identical  with  that  of 
Figs.  3  and  4.  Fig.  5  and  the  paragraph  in  the  middle  of  the 
second  column  of  p.  107  referring  to  Fig.  5  should  be  omitted. 
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IX  THE  USUAL  discussion  of  transformer  design, 
the  mathematical  difficulties  often  obscure  the  ac- 
tual relations  between  the  various  quantities  in- 
volved. The  following  analysis  is  intended  to  show 
these  relations  in  a  general  way  without  the  use  of 
mathematics.  It  is  obvious  that  the  relations  between 
all  of  these  variables  mathematicalh'  developed  would 
result  in  rather  complicated  operations  and  expressions. 

TYPES  OF  CONSTRUCTION 

The  shell  and  core  types  are  the  two  fundamental 
forms  of  transformer  construction.  All  others  are 
modifications  of  these.  In  the  former,  the  iron  encloses 
the  winding  like  a  shell,  and  in  the  latter  the  iron  forms 
the  core  upon  which  the  windings  are  mounted.  The 
relation  between  these  fundamental  types  is  given  in 
Fig.  I.  which  shows  that  an  interchange  of  the  iron  and 
copper  elements  will  transform  the  shell  type  into  the 
core  type,  and  vice  versa. 

A  section  through  the  copper  element  at  right 
angles  to  the  conductors  is  usually  rectangular  in  shape 
for  both  the  shell  and  core  types,  which  also  gives  a 
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FIG.   2 — S    E    C   T   I   O    X 
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OF       A       CORE       TYPE 
TRANSFORMER 


rectangular  section  through  the  iron  element.  Some- 
times the  section  of  the  iron  circuit  is  given  a  cruciform 
shape  in  which  case  the  windings  take  a  circular  form 
as  shown  in  Fig.  2.  This  cruciform  design  is  used 
mainly  for  the  high  voltage  core  type  transformers,  be- 
cause of  the  ease  with  which  the  circular  coils  may  be 
wound  and  because  sharp  bends  in  the  insulation  are 
avoided. 

The  development  of  the  distributed  shell  and  core 
types  of  construction  from  the  simple  forms,  is  by  the 
addition  of  two  smaller  iron  circuits  to  the  shell  type, 
or  two  small  copper  circuits  to  the  core  type ;  as  shown 
'"  F'g-  3-  The  reason  for  the  use  of  this  form  is  the 
economy  secured  by  the  use  of  the  smaller  mean  turn 
of  the  element  which  is  separated  or  distributed  into  a 
number  of  parts. 

In  the  shell  type  of  design  in  all  its  forms  and  in 
the  simple  core  type,  it  is  possible  to  widen  those  por- 
tions of  the  magnetic  circuit  which  are  not  surrounded 
by  the  windings,  as  shown  in  Figs,  i  and  2.  An  in- 
crease in  the  area  of  these  portions  of  the  magnetic  cir- 


cuit permits  them  to  run  at  a  lower  magnetic  density 
than  the  unwidened  parts,  thus  giving  a  lower  iron  loss. 
A\hen  low  losses  are  desired  better  results  can  usually 
be  obtained  by  this  expedient  than  by  putting  the  in- 
creased material  into  a  uniformly  increased  section  of 
either  iron  or  copper. 

Another  modification  of  the  core  construction  is 
shown  in  Fig.  4,  which  is  the  form  used  for  three-phase 
transformers.  There  are  three  separate  magnetic  cir- 
cuits, one  for  each  of  the  three-phase  fluxes.  Such  a 
construction  produces  complications  in  the  assembly  of 
the  various  parts,  which  are  overcome  as  shown  in  Fig. 
V  While  a  three-phase  transformer  can  be  built  with 
three  separate  magnetic  circuits,  the  only  saving  as 
compared  with  three  single-phase  transformers,  is  the 
use  of  a  single  case  as  against  the  use  of  three  with  the 
single-phase  units.  With  the  three  magnetic  circuus 
interlinked,  there  is  a  saving  in  material  in  comparisoTi 
with  three  single-phase  transformers  aggregating  the 
same  capacity. 

SELECTION   OF  TRANSFORMER  TYPE 

The  shell  .qnd  core  types  of  transformer  construc- 


FIG.    3 — RELATIOX     BETWEEN     THE     DISTRIBUTED     SHELL     AND     CORE 
TYPE  TRAXSFORMER   CONSTRUCTION 

tion  each  have  a  fairly  well  marked  portion  of  the  total 
range  of  k.  v.  a.,  voltage  and  frequency,  to  which  it  is 
best  adapted,  other  conditions  being  the  same.  The 
most  direct  way  to  make  a  comparison  of  the  relative 
economy  of  the  two  types  for  a  particular  transformer 
lating  is  to  make  comjiarative  designs  for  both  types, 
the  comparison  being  usually  made  on  the  basis  of  a 
minimum  cost  of  material  required  for  a  transformer 
which  will  meet  given  insulation  tests  and  to  have  cer- 
tain performance  characteristics.  Upon  analysis  it  is 
found,  on  the  basis  of  economy  of  material  alone,  that 
small,  high-voltage  transformers  should  be  core  type 
and  large,  low-voltage  transformers  should  be  shell  type. 
Further  it  is  found  that  the  main  factor  which  controls 
the  design,  as  to  type,  is  the  space  factor  of  tlif;  winding, 
or  the  percentage  of  the  total  winding  space  occupied 
by  copper.  The  space  not  occupied  by  copper  is  that 
required  for  insulation  or  for  ventilating  ducts.  Small 
high-voltage  transformers  have  a  relativel}'  poor  space 
factor,  which  grows  better  as  the  k.  v.  a.  increases  and 
the   voltage   rating  decreases.     AMiile  the   relation  be- 
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tween  the  space  factor  of  the  winding  and  the  most 
economical  type  of  transformer  to  meet  certain  speci- 
fications is  not  obvious,  the  following  explanation  will 
make  it  more  apparent. 

A  shell  type  of  transformer  has  a  short  mean  turn 
of  iron,  while  a  core  type  has  a  short  mean  turn  of 
copper.  There  is  a  tendency  to  use  the  greater  amount 
of  the  material  having  the  shorter  mean  turn,  because 
with  a  given  amount  of  material,  the  part  which  has 
the  short  mean  turn  is  the  most  effective  in  producing 
an  element  of  large  sectional  area.  The  materials  are 
economically  disposed  when,  with  a  given  amount  of 
iron  and  copper,  the  sectional  area  of  each  is  a  maxi- 
mum. This  is  true  because  the  output  of  the  trans- 
former is  a  maximum  when  the  product  of  these  areas 
is  a  maximum.  With  the  shell  type  of  transformer, 
since  the  weight  of  copper  is  small,  the  sectional  area 
is  small  and  the  space  factor  of  the  copper  has  a  great 
effect  upon  the  design ;  that  is  the  winding  with  a  large 
percentage  of  insulation  is  at  a  disadvantage  with  this 
type.  On  the  other  hand,  with  a  core  type  of  trans- 
former, whose  weight  of  copper  is  relatively  large, 
greater  constant  insulation  values  do  not  ali'ect  the  de- 
sign so  markedly. 
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FIG.   4 — THREE-PHASE    CORE    TYPE    FIG.    5 — ARR.\NCEMENT      OF      THE 
TRANSFORMER  LAMINATIONS 


For  each  voltage  and  frequency  class,  therefore, 
there  is  a  transformer  of  a  certain  output  rating,  above 
which  the  space  factor  makes  the  shell  type  cheaper 
and  below  which  the  core  type  uses  less  material. 

EFFF.CT  OF  CHANGING  THE   PROPORTIONS  OF  A 
TRANSFORMER 

A  transformer  of  fixed  output  rnd  dimensions,  was 
considered  in  Part  IV,*  and  the  losses  were  varied  by 
changing  the  densities  of  working  the  iron  and  copper. 
Since  the  dimensions  of  the  iron  and  copper  elements 
remained  constant,  the  weight  of  these  parts  did  not 
change.  In  another  case  the  iron  loss  only  was  made 
to  vary  by  changing  the  frequency  at  which  the  trans- 
former was  working. 

The  problem  of  design  involves  varying  the  losses 
by  changing  the  dimensions  and  weight  of  the  magnetic 
circuit  and  windings,  which  means  that  the  cost  of  the 
materials  also  changes.  This  condition  can  best  be  an- 
alyzed by  the  use  of  equation  14,  Part  IV.  For  this 
purpose  a  slight  modification  of  this  equation  may  be 
made  by  representing  by  N  the  product  of  the  areas  of 
the  iron  section  Ai  and  of  the  winding  section  Ac  or, — 
N  =  A,Ac  (/) 


Substituting  this  value   in   equation   14,   Part   IV, 
gives,— 

B  hS.  f  N 
P  = (^) 

7  X  JO" 

Keeping  the  output,  working  densities,  frequency 
and  winding  space  factor  constant,  the  value  of  N  in 
equation  2  becomes  constant.  Tnis  means  that  the 
product  of  the  area  of  the  winding  space  and  the  area 
of  the  iron  section  is  fixed,  but  that  the  values  of  the 
areas  themselves  may  be  variable.  This  allows  a  varia- 
tion in  the  dimensions  of  the  transformer,  as  for  in- 
stance .ic  may  be  large  in  which  case  Ai  being  small, 
the  weight  of  copper  in  the  transformer  would  be  rela- 
tively greater  than  the  weight  of  iron.  On  the  other 
hand,  Ai  might  be  larger  and  the  transformer  would  be 
relatively  heavy  in  iron.  Since  the  energ}-  loss  per 
pound  of  iron  and  copper  remains  constant,  the  losses 
will  vary  as  the  weights  of  these  materials  in  the  mag- 
netic circuit  and  windings.  In  addition  to  the  changes 
resulting  from  a  variation  in  the  relative  values  of  A> 
and  Ac,  the  relative  dimensions  of  the  iron  and  copper 
sections  may  be  changed.  There  are,  therefore,  three 
main  variables*  to  be  taken  into  account : — 

I — The  ratio  of  the  area  of  the  iron  to  the  area  of  the  cop- 
per section. 
2 — The  ratio  of  the  dimensions  of  the  winding  section. 
3 — The  ratio  of  the  dimensions  of  the  iron  section. 

The  distributed  shell  or  core  type  introduces  an- 
other variable,  which  is  the  ratio  of  the  areas  of  the 
two  small  circuits  to  the  areas  of  the  two  larger  ones. 
Also  widening  of  the  magnetic  circuit  introduces  a  fifth 
variable  into  the  design,  which  is  the  ratio  of  the  wid- 
ened section  to  the  unwidened  part,  thus  making  five 
variables  in  the  most  general  case  of  transformer  de- 
sign. 

F.FFECT   OF    CIIANGINC,   THE   RATIO   OF   THE   AREA   OF   THE 
IRON  TO  THE  AREA  OF  THE  COPPER  SECTION 

This  ratio  is  the  most  important  of  the  five  var- 
iables which  are  involved  in  the  most  general  case  of 
design,  as  a  small  change  in  its  value  has  a  marked  af- 
fect on  the  losses  and  cost.  As  the  area  of  the  iron 
section  increases  and  that  of  the  copper  section  de- 
creases, the  weight  of  iron,  the  iron  loss  and  the  cost 
of  the  iron  increases  and  the  weight  of  copper,  copper 
loss  and  cost  of  copper  decreases.  If  the  copper  section 
has  a  low  space  factor,  that  is  a  small  amount  of  copper, 
a  reduction  of  the  area  of  the  copper  section  will  not 
mean  a  large  reduction  in  weight  or  cost  of  the  copper. 
Therefore  with  a  low  copper  space  factor  the  iron  sec- 
tion will  be  smaller  and  the  gross  copper  section  will  be 
larger  than  with  a  high  copper  space  factor.  The  actual 
value  of  the  variable  in  a  particular  case,  depends  on 
the  relative  cost  of  iron  and  copper  per  pound,  as  well 
as  the  insulation  clearances  or  the  space  factor  of  the 
copper  section. 


*Nov.  '17,  p.  475. 


*Mr.  Charles  Fortescue  was  one  of  the  first  to  express  the 
losses  and  the  cost  of  the  active  material  of  a  transformer  in 
terms  of  these  variables. 
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EFFECT  OF  CHANGING  THE  RATIO  OF  THE  DIMENSIONS  OF 
THE    IRON    AND    COPPER    SECTIONS 

It  is  evident  that  the  length  of  the  mean  turn  of 
both  the  iron  and  the  copper  elements  should  be  a  mini- 
mum for  a  given  area  of  their  sections.  Thus  when  the 
mean  length  of  turn  of  each  element  is  a  minimum,  a 
given  number  of  turns  of  copper  would  have  a  mini- 
mum weight  and  resistance,  and  the  iron  circuit  would 
have  a  minimum  amount  of  material.  For  example, 
with  the  iron  section  a  square,  the  mean  turn  of  copper 
would  be  a  minimum  for  a  given  area  of  the  iron  sec- 
tion, but  on  the  other  hand,  the  mean  turn  of  the  iron 
itself  would  be  greater  than  if  the  iron  section  were 
rectangular.  It  is  therefore  apparent  that  there  is  a 
direct  relation  between  these  two  variables. 

Small  changes  in  these  variables,  however,  have 
only  a  slight  effect  on  the  design  and  when  their  best 
values  have  been  determined  they  may  thereafter  be 
regarded  as  constants  without  appreciable  loss ;  unless 
there  is  some  other  reason  for  a  change  in  their  value, 
than  the  question  of  economy  of  material  or  reduction 
in  loss. 

RATIO  OF  THE  AREAS  OF  THE  LARGE  AND  SMALL  CIRCUITS 
WITH  THE  DISTRIBUTED  SHELL  AND  CORE  TYPES 

Since  the  gain  by  the  use  of  the  distributed  shell 
and  core  types  of  construction,  as  compared  to  the 
simple  forms  is  not  great,  slight  changes  in  this  var- 
iable would  not  be  expected  to  affect  the  design  ma- 
terially. When  its  value  has  once  been  determined  it 
may  thereafter  be  considered  a  constant,  even  though 
theoretically  it  is  a  variable  whose  value  depends  on  the 
ratio  of  the  dimensions  of  the  winding  section,  which 
in  turn  is  related  to  the  other  design  variables. 

PERCENTAGE  OF  WIDENING  OF  THE   MAGNETIC   CIRCUIT 

The  widening  of  the  magnetic  circuit  may  be 
looked  upon  as  an  expedient  to  reduce  the  iron  loss  by 
reducing  the  magnetic  density  in  the  widened  part. 
The  loss  in  the  widened  portion  will  decrease  approxi- 
mately as  the  square  of  the  increase  in  area,  but  the 
weight  of  iron  in  this  part  will  increase  by  an  amount 
proportional  to  the  increase  of  the  area,  so  that  the 
iron  loss  in  the  widened  part  will  decrease  approxi- 
mately as  the  percent  widening.  A  similar  reduction 
in  iron  loss  can  be  secured  by  increasing  the  dimensions 
of  the  transformer  as  a  whole,  in  which  case  the  cost 
would  increase  at  a  different  rate  than  when  the  cost 
is  increased  by  widening.  The  relation  between  these 
two  rates  of  cost  increase  is  a  complicated  one.  It  is 
found  that  when  a  certain  widening  is  reached,  it  is 
cheaper  to  further  reduce  the  iron  loss  by  putting  more 
material  into  the  transformer  as  a  whole  than  by  ad- 
ditional widening.  The  most  economical  widening  is 
different  for  the  different  types  of  transformers,  being 
greater  for  the  shell  than  for  the  core  type. 

Another  reason  for  the  use  of  the  widened  mag- 
netic circuit,  is  that  the  exciting  current  is  reduced, 
partly  by  putting  the  joints  in  the  low  density  part  and 
because  ordinarily  the  exciting  current  is  reduced  by  the 


same  steps  which  reduce  the  iron  loss.  While  theoret- 
ically the  percentage  widening  is  related  to  the  other  de-r 
sign  variables,  practically  it  may  be  considered  as  a  con- 
slant  after  a  reasonable  value  has  once  been  determined 
upon  for  some  particular  case. 

METHODS   OF   DESIGN 

There  are  two  fundamental  premises  from  which 
the  design  of  a  transformer  may  be  started.  These  are 
as  follows : — 

I — With  tlie  magnetic  and  current  densities  fixed,  to  design 

a  transformer  having  a  minimum  cost. 
2 — With  the  magnetic  and  current  densities  fixed,  to  design 

a  transformer  for  which  the  sum  of  the  losses  will  be  a 

minimum. 

The  first  premise  is  to  make  the  cheapest  possible 
design  without  considering  the  losses.  Because  the  cop- 
per cannot  be  worked  beyond  a  certain  density  because 
of  heating,  and  the  iron  cannot  be  operated  beyond  a 
definite  magnetic  density  because  of  saturation  of  the 
circuit,  there  is  a  limit  to  the  cheapness  of  a  transformer 
for  a  given  rating.  Thus  the  problem  becomes  one  of 
designing  a  transformer  with  fixed  current  and  mag- 
netic densities.  For  this  case  where  low  losses  are  not 
important,  it  would  not  be  necessary  to  use  either  the 
distributed  shell  or  core  types  of  design,  or  to  widen 
the  magnetic  circuit.  The  proper  design  for  this  case 
will  usually  be  the  one  whose  cost  of  iron  and  copper 
are  approximately  equal. 

To  design  a  transformer  for  a  minimum  sum  of 
the  losses  instead  of  a  minimum  cost,  with  the  densities 
fixed  in  both  cases,  the  correct  design  would  usually  be 
the  one  where  the  iron  loss  is  approximately  equal  to 
the  copper  loss.  The  designs  for  the  two  cases  would 
be  identical  if  the  ratio  of  the  cost  per  pound  of  iron  to 
the  cost  per  pound  of  copper  is  equal  to  the  ratio  of  the 
watts  lost  per  pound  in  each. 

When  a  transformer  is  designed  to  have  given 
losses,  the  problem  is  not  primarily  one  of  fixed  densi- 
ties, because  in  this  case  the  densities  depend  on  the 
given  losses.  For  example,  if  the  iron  loss  is  to  be 
small,  the  iron  density  must  be  correspondingly  low, 
and  the  same  condition  applies  to  the  copper  circuit. 
Therefore,  if  the  iron  and  copper  densities  are  low  to 
give  sinall  losses,  the  weights  of  iron  and  copper  will 
be  correspondingly  high  and  the  cost  of  the  transformer 
will  be  large.  .  To  view  this  last  problem  from  another 
angle,  suppose  a  transformer  was  designed  with  the 
magnetic  and  current  densities  fixed  and  for  a  given 
equivalent  total  loss.  If  this  equivalent  loss  is  for  ex- 
ample larger  than  the  equivalent  loss  desired,  the  mag- 
netic and  copper  densities  must  be  reduced.  If  now  the 
relative  value  of  the  iron  and  copper  losses  is  not  that 
desired,  they  may  be  varied  in  the  manner  described  in 
Part  IV.  In  case  the  saturation  of  the  magnetic  or 
heating  of  the  copper  circuit  will  not  permit  the  desired 
relation  between  the  iron  and  coppei'  losses  to  be  se- 
cured, the  design  must  be  distorted  in  order  to  secure 
this  result.  If  for  example  the  iron  loss  is  not  low 
enough,  the  iron  section  must  be  made  smaller  and  the 
copper  section  larger  until  the  reduced  amount  of  iron 
will  permit  the  desired  iron  loss  to  be  secured. 
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SIXCE  REACTANCE  COILS  are  sometimes 
mounted  end  to  end,  so  as  to  have  the  same  axis, 
formulas  are  desirable  for  the  repulsion  and  mu- 
tual inductance  of  reactance  coils  in  this  position.  The 
values  of  mutual  inductance  are  useful  for  determining 
and  correcting  the  unbalance  in  voltage  which  occurs 
when  three  coils  are  mounted  close  together  along  the 
same  axis.  The  values  of  repulsion  are  useful  in  de- 
signing the  supports  of  the  coils,  and  in  determining  how- 
close  together  the  coils  may  be  mounted  without  danger 
of  damage  at  times  of  short  circuit.  The  formulje 
here  presented  refer  to  cylindrical  coils  of  usual 
shape,  of  equal  diameter  and  the  same  style  of 
winding,  and  are  for  coils  of  unequal,  as  well  as  equal, 
length.  The  formulas  have  been  s[)ecially  derived  so 
as  to  include  allowances  for  the  thickness  of  the  coils. 

Let  there  be  two  reactance 
coils,  of  lengths  </  and  h,  Fig.  i, 
mounted  so  as  to  have  the  same 
axis,  and  separated  by  a  dis- 
tance t.  The  dimensions  should 
be  measured  to  the  pitch  lines  of 
the  wire  or  cable  of  which  the 
coil  is  wound.  Let  the  two 
coils  have  the  same  diameter 
and  the  same  style  of  winding. 
Then  it  is  possible  to  assume  a 
coil  of  length  t  placed  between 
them,  so  as  to  make  one  long 
uniform  coil. 

The  self-inductance  of  this 
long  coil  is, — 
Zg+h-^t  =  L.  +  Lh  +  L,  +  ^ilAi,  +  .'Ar,,  +  ^/l/,„ 
where  Mbh  is  the  mutual  inductance  of  the  two  original 
coils  of  length  g  and  h,  etc. 

Also,— Z,„4,  =  L.,  +  Lt  +  zM^t 

and,— Ah-t  =  Ai,  4-  -^t  +  ^^u 

Eliminating  M«t  and  Mi<t  from  these  equations,  gives, — 


Dwil.HT 

force  is  equal  to  the  ditiferential  of  the  mutual  induct- 
ance with  respect  to  the  distance  between  the  coils, 
when  one  unit  of  current  is  flowing  in  each  coil,  abso- 
lute electro-magnetic  units  being  used  throughout.  This 
result  is  derived  as  follows: — 

Let  the  force  in  dynes  be  F,  and  the  currents  in  the 
two  coils  be  /,  and  I.,,  in  abamperes,  or  absolute  elec- 
tro-magnetic units  of  current.  Let  one  coil  move  a 
short  distance  ds  in  time  dt.     The  rate  of  mechanical 

working  is  F'-jj . 

This  is  equal  to  the  rate  of  electrical  working  which 

is,— 


I 


.'^    ■ 


i 


"IG.    I —    REACTANXE 

COILS    WITH    THE   S.\ME 

AXIS 


-f;4  h--t 


2i\l.ii'.  -h  /.g+1  -|-  L\^\X  —  l-\ 


Therefore, 
^V„„  =  - 


(/,K+l,-!l    -\-   U    -    /-K-t    -    Z-hJ-t)* 


(i) 


The  number  of  turns  to  be  used  in  figuring  the 
four  self-inductances  will  be  different  in  each  case,  and 
will  be  proportional  to  the  length  of  coil  considered. 
The  calculation  of  formula  /  can  be  avoided  when  the 
coils  are  of  e(|ual  length  and  when  a  very  precise  re- 
sult is  not  required,  by  using  the  curves  of  mutual  in- 
ductance, Fig.  2. 

The  force  of  repulsion  or  attraction  between  two 
coils  carrying  current  may  be  calculated  from  the  ex- 
pression for  the  mutual  inductance  of  the  coils.     The 


*Scc  The  Bulletin  of  the  Bureau  of  Standards,  Vol.  8,  No. 
I,  by  E.  B.  Rosa  and  F.  W.  Grover,  p.  72. 
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-  f.,E  = 
^\here  E  is  the  e.m.f.  generated  in  the  coil  by  the  change 
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FIG.    2 — MUTUAL    INDUCTANCE    OK    REACTANCE   COILS    IN    FIG.    I. 

of  lines  of  force  through  it.     Therefore, — 

dM  ,  , 

F  =  -  /i  /.  -^  dynes  (-' ) 

The  expression  for  mutual  inductance  in  equation 
I  is  readily  differentiated,  but  the  parts  must  be  consid- 
ered separately  since  it  is  indeterminate  what  formula 
v.'ill  be  used  in  calculating  each  part. 

By  differentiating  the  formulas  for  self-inductance 
of  coils,  the  following  method  is  derived  for  calculating 
the  force  of  repulsion  or  attraction  between  two  coaxial 
coils  of  the  same  diameter  and  style  of  winding: — 

Find  the  quantity  O^  for  the  four  cases  when  /  = 


y 


+  /(  -!-  /,  t,  (/  -I-  /,  and  h  +  t. 


L'i  = 


When  /  is  greater  than  d, — 


IT-  (/-'   II t- 


(   ?  7     i:'\d''^  d''  d" 


d'" 


0.0/01 


-f-  o.ooyj 
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When  /  is  less  than  d  and  greater  than  c, — 

K4ci\  (         '    ^-    ,  J_  JL      J-  !—\ 
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FIG.   i — .MECHANICAL   FORCE   BETWEEN    REACTANCE  COILS    WITH    THE 
S.\ME  AXIS 

-Vvereage  force  in  pounds  =  P  (from  curve)  X  A  /=  X  ^' 
cos  0,  where  0  is  the  phase  angle  between  h  and  /:  and  N  is 
the  number  of  turns  per  coil. 

When  I  is  less  than  c, — 


logh 


tt/ 


43    c-         7      n 

144  d-  ^  lb  c-  d-  ^  JO 


--1 


"9"  c- 


.(5) 


/^  = 


.(6) 


Then  the  ettective  force  in  pounds  is,  — 

/i  Ii 
4.4:;  X  /o'  ^-=+'  +  ^''+'  ~  ^s+ii+t  -  Ct)  pounds.. 

where  I^  and  /.  are  in  amperes. 

In  the  above  formulas,  the  dimensions  may  all  be 
in  inches,  or  they  may  all  be  in  centimeters.  The 
t|uantity  m  is  not  the  number  of  turns  in  a  coil,  but  it  is 
the  number  of  turns  per  inch  of  coil  when  all  the  di- 
mensions are  in  inches,  and  it  is  the  number  of  turns 
per  centimeter  of  coil  when  all  the  dimensions  are  in 

centimeters.     Also  logh-^  (the    natural    or    hyperbolic 

logarithm  of  ^)  =  2.3026  logi,,^. 

The  values  of  0  should  be  calculated  with  care,  as 
the  result  of  the  subtraction  is  smaller  than  the  values. 
Neither  formula  j  nor  ,/  is  very  convergent  for  /  =d, 

at  which  value  of  1,  0  =  3.966  dnir,  when  ~  is  4  • 

a  0 

Formulas  J  to  d  are  not  suitable  for  very  short  coils, 
such  as  those  of  shorter  length  than  indicated  in  Fig.  3. 
The  results  of  the  abo\e  formulas  are  plotted  in 
curves  in  Fig.  3,  for  various  usual  shapes  of  coils,  when 
the  two  coils  are  of  equal  length.  Since  it  is  not  usuallv 


desired  to  know  the  repulsion  between  reactors  with 
very  great  accuracy,  the  curves  of  Fig.  3  can  be  used 
for  solving  problems,  thus  avoiding  the  necessity  of 
making  the  calculations. 

The  mechanical  force  between  two  coils  with  the 
same  axis  is  an  attraction  when  the  currents  in  them  are 
in  the  same  direction  around  the  coils,  and  a  repulsion 
when  the  currents  are  in  opposite  directions  around  the 
coils.  With  alternating  currents,  the  forces,  as  calcu- 
lated in  this  article,  are  average  forces. 

The  results  of  the  method  of  calculating  the  repul- 
sion of  reactors  given  in  this  article  can  be  compared 
with  a  test  curve  which  has  been  published.*  The  di- 
mensions of  the  coils  tested  are  given  in  Example  I  of 
this  article,  and  the  curves  of  calculated  and  measured 
repulsions  are  shown  in  Fig.  4. 

EXAMPLE  I— (See  Fig.  4)- 

Find  the  average  mechanical   force  acting  on  each  of  two 
coils,  placed  end  to  end,  as  follows : — 

Mean  diameter  of  coils   d  =   25.53  inches. 

Length  of  coils  g  =  h  =  b  =   30.87  inches. 

Thickness  of  winding  c  =     4-8/  mche?. 

Number  of  turns  per  coil   N  =114  turns. 

1  )iameter   of    conductors    0.408  inches. 

Pitch   of    conductors    0.813  inches. 

Air  space  between  coils,  from  copper  to 

copper 15  inches. 

Theoretical  separation  of  coils   t  =    14.60  inches. 

Current  in  the  coils   ii  =  1=  =500  amperes 

ii  and  I:  are  in  phase. 

Bv  formula  3, — 


g.Sr  ffJ-     ( 

,-,  =  &,+.  =  -^  X  25.53-  X  j^j^  yi  -  o.,2 


0.0404  4-  0.0051 

By  Formula   (3), 
g.S7 


o.oooS  -\-  0.000/ 


■/I  -\-  o.orsi  — 
=  37300 


(X 


X  25.53' y.  j^j:^  yi  -  0.1271  +  O.OI2I 

+  0.0006  — I  =  j^'  20iA 
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Fir,.    4 — COMPARISON    OF    CALCL'LATED    WITH     TEST    VALUES 

By  Formula  (4), 


(,),  =   >r  X  25.53   X  {^  X   14.60 


\4-'93 


~  30.Sf 
-\-  0.01S5  -\-  o.ooS4\  =  30000 

Force  in  pounds  at  500  amperes,  by  formula  6, 
500  X  500 


o.34go  4-  0.0076 


4-45  X  JO' 


(2  X  37300  —  3S 200  —  30000)  =  35.7  pounds. 


*"The  Mechanical  Stresses  in  Reactance  Coils,"  bj'  W.  M. 
r>aim,  in  the  Joi^rnal  for  .\pril,  '14,  Fig.  8,  p.  206. 
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This   result   can   be   obtained   approximately   by   means   of 
Fig.  3,  as  follows, — 

/          /y.6o  b  ^o.S? 
=  0.572 


d   -  25.53   ~  "■'''  d 

F  =  J/  X  10-''  X  500-  X  114- 


$6  pounds. 


EXAMPLE  11— 

Find,  by  means  of  Fig.  2,  the  mutual  inductance  of  the  two 
coils  in  Example  I,  and  the  voltage  drop  in  one  coil  at  60  cycles. 
M  =  0.68  X  /o-»  X  25.53  X  ///-  =  0.000226  henry. 

The  voltage  drop  in  one  coil  due  to  mutual  inductance  at 
500  amperes  and  60  cycles  is, — 

^  TT  X  60  X  0.000226  X  500  =  ./5  rolls. 

EXAMPLE  Ill- 
Find  the  total  average  force  exerted  on  each  of  three  coils 
placed  end  to  end,  the  dimensions  being  the  same  as  in  Ex- 
ample  I,   and   three-phase   current  of  500  amperes   per  phase 
flowing  in  the  coils. 

The  average  force  between  two  of  the  coils  is  proportional 
to  the  average  of  the  products  of  the  instantaneous  values  of 


two  alternating  currents  which  are  120  degrees  out  of  phase. 
It  may  therefore  be  calculated  the  same  as  the  \yatts  which  are 
due  to  an  alternating  voltage  and  current  which  are  out  of 
phase.  The  average  force  between  the  middle  coil  and  an  end 
coil  is,  therefore,  using  Fig.  3,— 

//  X  JO-''  X  500  X  500  X  cos  120°  X  ///  =  /S  pounds . 

For  the  two  end  coils, — 

/  60.07 

—r  =  =  2. J'; 

d         25 -Si 

The  average  force  on  one  end  coil  exerted  by  the  other 
end  coil  is,  therefore,  approximately,- — 

0.5  X  10-''  X  500  X  500  X  cos  120"  X  1 1 4-  =  o.S  pounds. 

This  average  force  is  to  be  added  to  the  previous  value, 
making  the  total  average  force  on  either  end  coil  approximately 
19  pounds. 

The  average  force  on  the  middle  coil  is  zero,  since  it  is 
subjected  to  an  equal  repulsion  from  each  of  the  end  coils. 
The  middle  coil  is,  however,  subjected  to  a  momentary  force, 
first  in  one  direction  and  then  in  the  other,  during  each  cycle. 
The  above  forces  become  much  larger  under  shortcircuit  con- 
ditions since  they  increase  as  the  square  of  the  current. 
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THE  PROBLEM  of  starting  and  accelerating  elec- 
tric motors  has  received  considerable  study.  The 
problem  of  braking  a  motor  and  holding  its  load 
is  similar,  in  many  respects,  to  that  of  starting  and  ac- 
celerating, but  the  methods  used  differ.  Braking  may 
be  accomplished  by  the  use  of  a  friction  brake  or  by 
dynamic  braking.  In  the  first  method  the  stored  energy 
of  the  revolving  armature  and  the  moving  load  is  ab- 
sorbed by  the  friction  surfaces  and  dissipated  as  heat. 
In  the  second  method  it  is  delivered  by  the  armature  as 
electrical  energy,  which  may  be  absorbed  in  an  external 
resistance  or  returned  to  the  supply  circuit. 

The  stored  energj'  of  a  revolving  armature  is  given 
by  the  formula*  : — 


A  =  0.5  —  CO-  G". 


.(I) 


Expressed  in  ft.  lbs.   this  energy  is  given  by  the 
equation, — 

]\\  5-'  G-^ 


W^       Ir.pviX- 


6400 


.(2) 


The  torque  required  to  retard  the  revolving  arma- 
ture is  given  by  the  equation,  — 


T-- 


W,G'       </co 
e      ^  di 


dw 
Where  -jr  represents    the    rate   of    retardation    at    any    ni- 

stant.      The    average    rate    of    retardation    in  /  seconds  =  y- 

The  average  retarding   torque    then,    expressed    as    a    practical 
formula,  is. — 

T  = 


U\  G-  S 

J20  I 


.(3) 


Conversely  the  time  required  to  stop  a  motor  when  the 
braking  force  is  applied  is, — 


.(4) 


'  ~     S^o  ■/■     

In   applying  e(]uations    (3)    and    (4)    it   should  be 
kept   in   mind   that    T   is   the   average   braking  torque. 


which  is  not  necessarily  equal  to  the  final  torque  exerted 
by  the  brake.  A  friction  brake  has  a  slight  time  element 
in  setting  which  causes  the  braking  force  to  be  applied 
gradually.  This  time  element  is  a  good  feature  in  some 
applications,  such  as  an  elevator  and  means  are  some- 
times employed  to  produce  it. 

The  above  equations  do  not  take  into  account  the 
stored  energy  of   the  driven  load.     In  the  case  of   a 


*In  this  article  the  following  notation  is  used  throughout : — 

A    =:  stored  energy  of  the  motor  armature  in  foot-pounds. 

B    =  angle  covered  by  two  shoes  in  radians. 

G  ^  shoe  width  -^  wheel  radius. 

D    =the  stored  energy  of  the  hoist  drum  in  foot-pounds. 

E  =  The  total  stored  energy  of  any  system  in  foot-pounds. 

El  =  the  line  voltage. 

£o  =  the  counter  e.m.f.  of  the  motor. 

£t  =  the  voltage  at  the  terminals  of  the  motor. 

f     =  coefficient  of  friction. 

P   :=the  energy  absorbed  by  the  hoist  mechanism  in  foot- 
pounds. 

g    =  acceleration  of  gravity  =  32  (approx.) 

G   =  radius  of  .gyration  in  feet. 

/     =  the  load  current  of  the  motor. 

In  =  the  current  in  the  dynamic  braking  circuit. 

k     ^a  factor  "depending  upon  the  radius  of  the  hoist  drum 
and  the  gear  reduction  between  the  drum  and  the  motor  shaft. 

K   =^a.  constant  depending  upon  the  design  of  the  motor. 

L    —  the  stored  energy  of  the  load  including  ropes,  coun- 
terbalances,  etc. 

p     =  pressure  in  pounds  per  square  inch. 

Pj  =the   retarding  force   in  pounds   required   to   stop  the 
moving  load. 

R    '—  the  resistance  of  the  motor  armature. 

y^B  —  the  resistance  of  the  dynamic  braking  circuit. 

5'   =  the  full-load  speed  of  the  motor  in  r.p-m. 

i,  —the  full-tload  speed  of  the  shaft  on  which  the  brake  is 
applied. 

/     -—the  time  in  seconds  required  to  stop. 

T   =  the  torque  in  pounds  at  one  foot  radius. 

p'    =:the  speed  of  the  load  in  ft.  per  min. 

(■I/,  =  the  weight  of  the  armature  in  pounds. 

f'F2  =  the  weight  of  hoisted  load,  including  ropes,  counter- 
balances etc.  .  r   1      1      J 

(1/3  =  the  weight  of  the  unbalanced  portion  of  the  load, 
oj— the  angular  velocity  of  the  armature  in   radians  per 
see.  =:  r-p.m.  -v-  10  for  practical  use. 

4>  =  the  total  field  llu.x. 
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hoist  the  load  moves  in  a  straight  line  and  the  stored 
energy  is  given  by  the  equation, — 

Expressed  in  foot-pounds  this  is, — 

Ft.-ibs.  =  „:^  - (5) 


1 


2J0  000 

Equation  (5)  gives  the  energy  stored  in  the  load 
but  does  not  necessarily  represent  the  energy  that  must 
be  handled  by  the  brake.  The  latter  will  be  more  or 
less  dependent  upon  whether  the  load  is  being  hoisted  or 
lowered  and  upon  the  time  employed  in  braking.  This 
is  evident  since  a  body  moving  upward  is  doing  work 
against  gravity  and  will  finally  come  to  rest  of  its  own 

This  work  done  by  gravity  =      '       ft. -lbs. 


accord. 


W, 


in  this  case  being  the  unbalanced  load.  Then  the  stored 
energy  that  must  be  handled  by  the  brake  in  stopping  a 
hoisted  load  is  given  by  the  equation, — 
((•,  V-      ir,:  vi 


.(6) 


2 JO  000  J2u         

The  stored  energy  that  must  be  handled  in  stop- 
ping a  descending  load  is, — 


L  = 


WW 


-+■ 


ll'sl'/ 


.(7) 


2j;o  000  J  20 

The  force  required  at  any  instant  to  retard  a  mov- 

H   dv 
P- 


ing  body  is  given  by  the  equation, 


dt 


Where  -^  =  the  rate  of  change  of  velocity  at  any 
instant.  If  the  body  is  brought  to  rest  in  t  seconds  the 
average  value  of  --^  =  -7-  Then  the  average  force  re- 
quired to  bring  the  body  to  rest  from  a  velocity  V  in 

W  V 

time  t  IS  P  =  —X— .  The  braking  force  required  to  stop 
a  hoisted  load  is, — 

W:  V 

^^-^  JJ^-M-  "'^ (8) 

The  braking  force  required  to  stop  a  descending 
load  is, — 


X 


601 


+  u\ 


•(9) 


The  above  values  of  P^  are  the  forces  acting  di- 
rectly on  the  load.  The  load  is  hoisted  by  a  rope  pass- 
ing over  a  drum  which  is  geared  through  several  reduc- 
tions to  the  motor  shaft.  It  is  common  practice  to  ap- 
ply the  brake  at  the  motor  shaft  which  runs  at  a  much 
higher  speed  than  the  drum.  The  torque  at  the  motor 
shaft  is  reduced  by  an  amount  depending  upon  the  gear 
reduction.  The  required  braking  torque  in  pounds  at 
one  foot  radius  at  the  motor  shaft  isT  =^  k  P^  where  k 
is  a  factor  depending  upon  the  radius  of  the  hoist  drum 
and  the  gear  reduction  between  the  drum  and  the  motor 
shaft. 

The  stored  energ}-  of  the  drum  and  other  moving 
parts  of  the  hoist  mechanism  and  the  friction  of  the 
hoist  also  affect  the  amount  of  braking  required.  In 
very  large  hoists  the  weight  of  the  hoisting  ropes  may 
need  to  be  considered.  The  stored  energy  of  the  drum 
and  the  friction  of  the  hoist  are  not  easily  determined 
since  they  vary  with  different  types  and  builds  of  hoists. 
They  can  best  be  expressed  as  a  percentage  of  other 
larger  factors. 


The  stored  energy  that  must  be  taken  care  of  in 
braking  in  the  case  of  a  hoist  is, — 

E  =  A+L  +  D  —  F (10) 

Having  the  total  stored  energ}'  and  the  time   re- 
quired to  stop,  the  amount  of  braking  torque  may  be 
obtained  from  the  equation, — 
E  X  60 


T= 


t    TT    Si 


.(II) 


DYNAMIC  BRAKING  PRINCIPLES 

If  a  motor  is  driven  by  the  load  with  its  field  ex- 
cited, it  will  supply  energj'  to  the  line  if  the  voltage  gen- 
erated by  the  armature  is  greater  than  the  line  voltage. 
The  voltage  which  must  be  applied  to  the  terminals  of 
a  direct-current  motor  is  given  by  the  equation, — 
/£>  =  a;  +  A'/ (12) 

The  counter  e.m.f.  of  the  motor  is  proportional  to 
the  field  flux  X  the  speed  X  the  number  of  conductors 
in  series.     It  may  be  given  by  the  equation, — 
Ec  =  A-<t>  (13) 

^^'hen  a  motor  running  at  a  speed  5"  is  disconnected 
from  the  line  and  the  armature  short-circuited  through 
a  resistance  with  the  field  excitation  unchanged,  the 
voltage  at  the  terminals  of  the  motor  is  given  by  the 
equation, — 

Et  =  Ec  —  hR (14) 

The  rate  of  dissipating  energy  is, — 

Pb  R  +  r-B  Rb (15) 

which  shows  that  the  kinetic  energy^  of  the  revolving 
armature  and  the  moving  load  must  be  dissipated  as 
heat  by  the  dynamic  braking  resistance  and  the  motor 
windings.  Hence,  a  motor  which  is  stopped  frequent- 
ly by  dynamic  braking  must  have  greater  capacity  than 
would  be  required  if  it  had  only  to  accelerate  and  drive 
the  load. 

The  current  that  will  flow  during  dynamic  braking 
is  given  bv  the  equation, — 

'"  -Rb  +  R 

Since  the  braking  torque  is  proportional  to  the  cur- 
rent it  follows  that  the  braking  torque  depends  upon  the 
counter  e.m.f.  of  the  motor  and  the  ohmic  value  of  the 
dynamic  braking  resistance.  As  the  motor  slows  down, 
the  counter  e.m.f.  and  current  fall  ofl:  and  consequently 
the  braking  reduces,  as  the  motor  reaches  a  low  speed. 
For  this  reason  it  is  impossible  to  bring  the  motor  to  a 
complete  stop  with  dynamic  brakings  Fig.  i  shows  the 
case  of  a  constant  speed  motor  retarded  by  dynamic 
braking.* 

The  conditions  are  somewhat  dift'erent  in  the  case 
of  an  adjustable  speed  motor  operating  with  weakened 
field.  Since  the  counter  e.m.f.  of  the  motor  depends 
upon  the  field  flux  the  braking  current  will  be  increased 
if  the  field  is  strengtliened  at  the  time  the  armature  is 
disconnected  from  the  line.  The  case  of  a  400  to  1600 
r.p.m.  motor  in  which  the  field  current  was  brought  to 
the  400  r.p.m.  value  when  the  dynamic  braking  circuit 


*See  article  on  "Industrial  Controllers — IX — Startine  Char- 
,  acteristics  of  Motors  with  Different  Methods  of  Control"  by  H. 
|\  D.  James  in  the  Journ.al  for  Sept.  '17,  p.  340. 
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was  closed  is  shown  in  Fig.  2.  Due  to  the  inductance 
of  the  field  circuit,  the  flux  does  not  build  up  instantly 
while  the  motor  begins  to  slow  down  as  soon  as  the 
dynamic  braking  circuit  is  closed.  The  result  is  that 
the  counter  e.m.f.  does  not  reach  as  high  a  value  as  it 
would  if  the  field  built  up   instantly.     The   combined 


1 100 


% 
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TWE  IN  SECONDS 

FK^    I — .STARTlNi;   TE.-iTS   OK  A    15    HP,    160O  K.P.M.    MOTOR   BELTED   TO 
A    SO'   KW   GENERATOR,    WITH    NO    LOAD   ON    THE   GENERATOR 

Showing  decreasing  torque  with  decreasing  speed  causes 
considerable  drift  before  the  dynamic  braking  finally  brings  the 
motor  to  rest. 

condition  is  that  the  braking  torque  is  quite  constant 
down  to  a  speed  where  the  friction  of  the  load  will 
bring  the  motor  to  rest. 

A  very  different  condition  is  obtained  where  a 
series  motor,  running  at  high  speed  with  weak  field,  is 
disconnected  from  the  line  and  then  reconnected  so  as 
to  build  up  its  own  field.  The  series  field  winding  has  a 
relatively  low  inductance  so  that  the  field  current  and 
flux  build  up  very  quickly.  The  result  is  a  severe  cum- 
ulative braking  action  in  which  the  motor  voltage  and 
dynamic  braking  current  may  become  so  high  as  to 
cause  the  motor  to  flash  over. 

The  Dynamic  Braking  Resistance  must  have  an 
ohmic  value  such  as  to  allow  just  the  proper  current  to 
flow  and  must  be  capable  of  absorbing  and  radiating  as 
heat  the  stored  energy  of  the  motor  and  load.  The  re- 
sistance must  limit  the  current  to  a  value  that  the  motor 
can  safely  commutate  and  that  will  not  subject  the  mo- 
tor or  load  to  undue  shock.  In  some  applications,  such 
as  an  elevator,  the  latter  point  should  receive  particular 
attention. 

Equation  (2)  for  the  stored  energy  of  a  revolving 
armature  may  be  written, — 

ir  5=  G-- 

(16) 


Walt  seconds  = 


4717 


If  the  motor  is  brought  to  rest  in  /  seconds,  the 
rate  of  dissipating  energy  is, — 

w  sr-  G"- 


Watts 


4717  t 


.(17) 


This  is  an  average  value  and  the  rate  of  dissipating 
energy  is  much  higher  at  the  beginning  of  the  c}cle  than 
at  the  close.  Hence,  if  a  resistor  has  considerable  ther- 
mal capacity  it  can  absorb  energy'  at  a  high  rate  at  the 
start  and  radiate  it  at  the  end  of  the  cycle. 

APPLICATIONS  OF  DYNAMIC  BRAKING 

Fixed  Dynamic  Braking — Figs,  i  and  2  show  that 
the  braking  torque  finally  reaches  a  low  value  and  the 


motor  will  drift  for  a  considerable  time.  In  the  case 
of  a  motor  driving  a  load  where  an  exact  stopping  point 
is  not  necessary,  such  as  a  machine  tool,  the  friction  of 
the  machinery  will  bring  the  motor  to  rest  in  a  suffi- 
ciently short  time  after  the  dynamic  brake  becomes  in- 
effective. 

The  braking  connections  for  an  adjustable  speed 
machine  tool  motor  are  shown  in  Fig.  3.  The  operat- 
ing coil  of  the  field  relay  FR  is  connected  in  the  main 
circuit  so  as  to  short-circuit  the  field  resistance  in  start- 
ing and  in  the  dynamic  braking  circuit  so  as  to  give  a 
full  field  during  dynamic  braking.  When  the  motor 
has  come  to  rest  the  dynamic  braking  current  has  re- 
duced to  zero  and  the  relay  drops  out  and  reinserts  the 
field  resistance  so  as  to  reduce  the  field  current  when 
the  motor  is  idle. 

In  a  number  of  steel  mill  applications  such  as  a 
screw  down,  manipulator  fingers,  etc.,  where  a  quick 
stop  at  a  definite  point  is  required,  it  is  common  prac- 
tice to  employ  a  friction  brake  in  addition  to  dynamic 
braking.  The  friction  brake  takes  care  of  a  portion  of 
the  stofed  energy  of  the  armature  and  load  and  pre- 
vents drifting.  A  very  quick  and  positive  stop  can  be 
obtained  in  this  way,  since  the  dynamic  braking  is  a 
maximum  at  the  first  instant  of  application  while  the 
friction  brake  has  a  slight  time  element  in  setting,  but 
exerts  its  maximum  torque  after  the  dyn'amic  braking 
has  begun  to  reduce. 

Dynamic  braking  is  often  used  to  bring  the  motor 
from  full  speed  to  a  fixed  lower  speed.  In  this  case 
the  dynamic  braking  resistance  is  connected  in  parallel 
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TIME  )N  SECONDS 
FIG.    2 — EFFECT  OF   FIELD  VARIATION   ON   DYNAMIC  BRAKING 

Made  with  a  15  hp.  400-1600  r.p.m.  motor  belted  to  a  50 
kw  generator  with  no  load  on  the  generator.  When  the  motor 
was  operating  at  1600  r.p.m.  the  armature  was  disconnected 
from  the  line  and  connected  to  a  resistance  to  give  dynamic 
liraking.  At  the  same  time  the  motor  field  rheostat  was  short- 
circuited,  strengthening  the  field  to  the  400  r.p.m.  value.  The 
curves  show  that  the  field  built  up  faster  than  the  speed  de- 
creased so  that  the  armature  voltage  at  first  increased  and 
then  remained  practically  constant  for  a  considerable  period. 
A  strong  dynamic  brake  was  thus  maintained  until  the  motor 
speed  was  quite  low  so  that  it  could  be  easily  stopped  by  fric- 
tion or  a  mechanical  brake. 

with  the  armature  which  is  connected  to  the  line  in 
series  with  the  starting  resistance.  The  voltage  drop  in 
the  series  resistance  reduces  the  voltage  at  the  motor 
terminals  to  a  value  lower  than  the  counter  e.in.f., 
which  forces  current  through  the  parallel  resistance. 
The  motor  will  quickly  come  to  a  speed  corresponding 
to   the   reduced   terminal   voltage,   its   value   depending 
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upon  the  values  of  the  series  and  parallel  resistances. 
The  connections  of  a  motor  and  controller  embodying 
this  feature  are  shown  in  Fig.  4-  A  typical  application 
is  that  of  the  skip  hoist  for  a  blast  furnace.  Here  the 
buckets  or  skips  must  be  hoisted  at  a  high  speed  but 
must  be  stopped  very  accurately  over  the  mouth  of  the 
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FIG.    3 — CONNECTIONS    FOR    .\X    AH.TUSTABLE    SPEED    MOTOR 

Showing  method  of  obtaining  full  tield  during  starting  and 
dynamic   braking. 

furnace.  To  accomplish  this,  the  slow-down  connec- 
tions are  automatically  made  at  certain  points  in  the 
travel  of  the  skip  and  the  speed  reduced  to  such  a  value 
that  when  the  motor  is  disconnected  from  the  line  and 
the  friction  brake  applied,  the  skip  will  come  to  an  im- 
mediate stop.  The  same  scheme  is  used  for  bringing  an 
elevator  car  to  rest,  except  that  in  this  case  the  point  at 
which  slowdown  and  stop  occur  are  controlled  by  the 
operator. 

Adjustable  Dynamic  Braking — Dynamic  braking  is 
frequently  used  in  connection  with  series  motors  on  un- 
balanced hoists  for  lowering  the  load.  It  is  usually  ne- 
cessary to  provide  for  driving  the  load  downward  if  it 
is  not  heavy  enough  to  overcome  the  friction  of  the 
hoist  mechanism  and  to  limit  the  speed  in  the  case  of 
heavy  loads.  It  is  desirable  also  to  adjust  the  .speed  to 
suit  the  conditions. 

In  lowering,  the  series  field  of  the  motor  is  con- 
nected across  the  line  in  series  with  a  resistance.  A  re- 
sistance is  also  connected  in  series  with  the  armature. 
The  motor  connected  in  this  manner  is  virtually  a  shunt 
machine  with  the  speed  varied  by  a  combination  of 
armature  and  field  control.  While  lowering,  the  motor 
acts  as  a  generator  and  excites  its  own  field.  The  lower- 
ing speed  may  be  changed  by  adjusting  the  resistance  in 
either  the  armature  or  field  circuit,  or  both.  A  friction 
brake  is  required  to  hold  the  load  in  the  off  position  of 
the  controller.  A  series  wound  brake  should  be  used 
with  its  operating  coil  in  series  with  the  field.  Then  if 
the  motor  loses  its  field  from  any  cause  and  tends  to 
speed  up,  the  brake  will  set  and  hold  the  load.  A  typical 
application  of  this  form  of  braking  is  that  of  a  crane 
hoist. 

DYNAMIC  BRAKIXG  OF  ALTEEX.\T1NG-CURREXT  MOTORS 

Dynamic  braking  is  not  as  easy  to  apply  to  alter- 
nating-current as  to  direct-current  motors.  An  induc- 
tion motor  has  its  exciting  current  in  the  same  wind- 
ings as  the  energy  current.  Hence,  it  loses  its  excita- 
tion when  the  motor  is  disconnected  from  the  line  and 
dynamic  braking  cannot  be  obtained.  It  is  possible  to 
excite  the  primary  with  direct  current  and  connect  the 
secondarv'  to  a  resistance.  This  is  sometimes  done,  but 
is  limited  to  applications  where  direct-current  is  avail- 
able. It  is  also  objectionable,  due  to  complications  in 
the  control. 


In  some  cases  the  motor  is  provided  with  two  sets 
of  windings  with  a  ditlerent  number  of  poles.  For  ex- 
ample, a  motor  may  be  wound  for  6  and  i8  poles.  If 
when  the  motor  is  running  on  the  6-pole  or  high  speed 
winding  it  is  changed  over  so  as  to  have  the  i8  pole 
winding  connected  to  the  line,  the  rotor  will  then  be 
running  very  much  above  synchronous  speed  and  will 
act  as  a  generator  and  supply  energv-  to  the  line.  This 
generator  action  will  slow  the  motor  down  to  the  lower 
synchronous  speed.  This  scheme  is  satisfactory  for 
elevators,  skip  hoists,  etc.,  where  the  slowdown  action 
is  necessary,  but  requires  a  rather  expensive  motor  and 
controller. 

ADVANTAGES  AND  DISADVANTAGES  OF  DYNAMIC  BRAKING 

It  has  been  shown  that  while  dynamic  braking  does 
not  eliminate  the  use  of  a  friction  brake,  it  has  some 
very  distinct  advantages  over  the  friction  brake  for  re- 
ducing the  speed  of  a  motor. 

Advantages — 

I — The  stored  energy  of  the  armature  is  largely  dissipated 
in  an  external  resistance  which  may  be  so  located  as  not 
to  affect  the  motor.  In  the  case  of  a  friction  brake  this 
energy  must  be  handled  by  the  brake  shoes  and  wheel 
which  are  close  to  the  motor. 

2 — A  quicker  stop  can  be  made  with  dynamic  braking  due 
to  the  time  element  of  the  friction  brake  in  setting.  The 
quickest  stop  however  can  be  made  with  a  combination 
of  the  two,  as  previously  pointed  out. 

3 — The  kinetic  energy  of  the  revolving  armature  is  de- 
livered directly  to  an  external  circuit  and  does  not  have 
to  be  transmitted  through  the  shaft  to  the  brake  wheel, 
thus  relieving  the  shaft  of  considerable  strain. 

4 — In  cases  where  an  accurate  stop  is  not  necessary,  the 
equipment  for  dynamic  braking  takes  up  less  room,  and 
will  have  a  lower  mamtenance  cost  than  a  friction  brake. 

5 — In  cases  where  a  friction  brake  is  necessary  to  hold  the 
load,  it  is  desirable  to  use  dynamic  braking  for  slowing 
down.  This  relieves  the  friction  brake  of  much  wear 
and  tear  and  consequent  expense  in  upkeep. 

Disadvantages — 

1 — The  motor  cannot  be  brought  to  a  complete  stop  unless 
the  driven  load  has  considerable  friction. 

2 — Dynamic  braking  cannot  be  obtained  in  case  of  volt- 
age failure  without  the  use  of  a  series  winding.       • 

3 — A  controller  for  dynamic  braking  requires  an  additional 
contact  and  resistance  which  adds  to  the  cost. 

4 — If  the  motor  is  stopped  very  frequently  by  dynamic 
braking,  its  capacity  must  be  greater  to  take  care  of 
the  heating. 

5 — Dynamic  braking  is  not  generally  applicable  to  alternat- 
ing-current motors, 
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FIG.    4 — CONNECTIONS    OF    ,\N    ADJUSTABLE    SPEED    MOTOR 

Showing  series  and  parallel  resistors  for  slowing  down  the 
motor  by  dynamic  braking. 

FRICTION  BRAKES 

Although  dynamic  braking  has  relieved  the  friction 
brake  of  much  of  its  most  severe  duty,  and  is  even 
eliminating  it  in  some  cases,  it  is  still  an  important  ele- 
ment in  many  motor  installations.  In  designing  a  brake. 
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or  ill  selecting  one  for  a  i)articular  installation,  the  fol- 
lowing points  should  receive  primary  consideration : — 

The  Brake  Shoe  Linings —  The  material  used  for 
brake  shoe  linings  should  have  a  constant  coefficient  of 
friction  over  a  wide  range  of  pressure  and  speed  and 
should  not  be  affected  by  moisture  or  oil  that  may  get 
on  the  brake  wheel.  It  should  be  a  good  conductor  of 
heat  and  the  temperature  should  not  afi'ect  the  coeffi- 
cient of  friction.  A  fabricated  material  of  asbestos 
and  rubber  tlirough  which  a  number  of  copper  wires 
have  been  woven  has  been  found  to  give  the  best  results 
in  practice.  Cast  iron  shoes  bearing  directly  on  the 
cast  wheel  have  been  found  to  be  ideal  for  conducting 
the  heat  from  the  wheel,  but  are  open  to  the  objection 
that  when  the  face  has  worn  to  a  certain  point  the 
whole  shoe  must  be  replaced.  .  There  is  also  more  wear 
on  the  wheel  than  when  a  shoe  lined  by  a  suitable  fric- 
tion material  is  used.  If  a  lined  shoe  is  used,  a  spare 
set  may  be  kept  on  hand  and  when  the  linings  of  a 
brake  wear  down,  the  spare  shoes  may  be  put  in  and  the 
worn  shoes  relined. 

Method  of  Applying  the  Pressure  to  the  Brake 
Shoes —  When  a  brake  sets  the  braking  torque  should 


right,  but  gradually  loses  its  braking  power  through 
wear,  is  a  menace  since  it  may  fail  to  hold  at  a  critical 
time.  The  brake  shown  in  Fig.  5  is  so  arranged  that, 
if  adjustment  for  shoe  wear  is  neglected,  in  no  case  will 
it  fail  to  set  and  hold  its  load. 

Mechanical  Parts —  The  mechanical  design  of  a 
brake  should  receive  careful  consideration,  since  all 
other  features  depend  upon  the  rigidity  and  arrange- 
ment of  the  mechanical  structure.  The  parts  should 
be  as  light  as  is  consistent  with  strength  and  rigidity. 
Bearing  pins,  where  there  is  any  considerable  motion, 
should  be  designed  so  as  to  have  as  little  friction  as  pos- 
sible and  have  ample  wearing  surfaces.  Since  the  brake 
is  the  ultimate  safety  device  in  many  installations,  the 
fibre  stresses  in  the  materials  should  be  kept  well  within 
safe  limits.  It  is  desirable  that  the  general  design  be 
such  that  the  same  brake  can  be  equipped  with  either  a 
direct-current  or  an  alternating-current  magnet.  A 
direct-current  magnet  is  inherently  more  effective  on 
short  strokes  while  the  alternating-current  magnet  is 
more  effective  when  operating  with  a  long  stroke.  A 
very  good  compromise  can  be  made  by  carefully  pro- 
portioning the  levers  and  selecting  the  proper  location 


FIG.    5 — .^LTERN-^TING-CURRENT     M AGNET-OPER.\TED    BRAKE 


FIG.    6 UIRECT-CURRENT     M  AGNKT-lll'HKATED     BRAKE 


When  the  magnet  is  energized  the  spring  pressure  on  the  shoes  is   released   leaving  the   wheel  free  to   turn.       When  the 
voltage  is  cut  off  from  the  motor  and  brake  magnet,  the  spring  pressure  is  applied  to  the  brake  shoes. 


be  applied  positively  and  uniformly.  In  some  early 
types  of  brakes  the  pressure  was  applied  by  a  weight 
which  was  lifted  by  the  magnet  when  the  brake  was 
released.  The  weight  in  falling  set  the  brake.  With 
such  an  arrangement  the  kinetic  energy  of  the  moving 
weight  caused  a  high  pressure  to  be  applied  to  the  shoes 
at  the  first  instant  of  application,  with  a  corresponding 
excessive  torque.  A  brake  should  be  designed  so  that 
the  inertia  of  the  moving  parts  does  not  produce  this 
excessive  pressure  on  the  shoes.  The  brake  shown  in 
Fig.  5  has  the  moving  arm  slotted  at  the  fulcrum  so 
that,  as  the  magnet  armature  moves  out,  it  can  slightly 
over-travel  without  increasing  the  shoe  pressure,  which 
is  positively  applied  by  the  compression  springs.  The 
value  of  the  retarding  torque  is  adjusted  by  means  of 
the  handle  nut  which  is  held  in  place  by  a  locking  nut. 

Adjustment  for  Wear —  Some  adjustment  for  the 
wear  of  the  shoe  linings  is  necessary  and  the  work  done 
by  the  magnet  must  be  kept  as  near  constant  as  pos- 
sible. Adjustments  of  this  kind  should  be  simple 
and  easily  accessible.  The  adjustment  should  not  be 
such  that,  if  neglected,  the  brake  will  fail  to  hold  its 
full  rated  torque.     A  brake  that  apparently  operates  all- 


of  pin  centers.  Figs.  5  and  6  show  alternating-current 
and  direct-current  brakes  which  are  similar  except  for 
the  magnet  parts. 

Direct-current  Magnets —  There  are  two  general 
types  of  magnets  for  brakes,  namely  the  armature  and 
the  plunger  type.  The  plunger  type  is  open  to  the  ob- 
jection that  the  plunger  moves  inside  of  the  coil  and 
must  be  guided  to  prevent  damage  to  the  insulation. 
The  armature  magnet,  shown  in  Fig.  5  has  the  operat- 
ing coil  held  on  a  stationary  core,  the  end  of  which 
forms  a  pole  and  attracts  the  armature.  This  type,  has 
same  distinct  mechanical  advantages  for  brake  work. 

I — No  moving  parts  inside  of  the  coil  or  winding  to  dam- 
age the  insulation. 

2 — No  guides  required. 

3 — No  danger  of  sticking  due  to  the  plunger  not  being 
properly  guided. 

4 — The  coil  is  easily  removed  for  repairs. 

Magnets  with  an  iron  housing  to  enclose  the  coil 
usually  have  higher  magnetic  leakage  than  an  open  type 
of  magnet.  Better  radiation  of  heat  can  be  secured  if 
the  coil  is  not  enclosed.  There  is  no  advantage  in  en- 
closing the  coil  if  the  winding  is  impregnated  as  a  pro- 
tection against  ordinary  moisture,  oil,  etc. 
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The  material  should  have  as  high  a  magnetic 
penneability  as  possible,  although  this  is  not  as  impor- 
tant in  the  case  of  a  magnet  having  a  long  air-gap  as  it 
is  in  the  case  of  rotating  machinery  where  the  air-gap  is 
relatively  short.  The  size  of  a  brake  magnet  is  deter- 
mined by  tlie  pull  to  be  exerted  when  the  brake  shoes 
are  set  and  the  air-gap  of  the  magnet  is  open.  At  this 
point  practically  all  of  the  ampere-turns  are  used  in  the 
air-gap  so  that  the  material  of  the  magnet  can  be  se- 
lected on  the  basis  of  its  availability  and  cost  rather 
than  its  magnetic  properties.  If  however  there  are 
leakage  paths  that  are  comparable  witli  the  main  air-gap 
in  length,  the  iron  may  become  saturated  due  to  mag- 
netic leakage. 

A  brake  magnet  should  be  large  enough  to  release 
the  shoes  quickly  and  positively  when  the  coil  is  ener- 
gized. In  general,  direct-current  brake  magnet  coils 
are  wound  with  a  comparatively  few  turns  of  heavy 
wire  and  are  connected  in  series  with  the  motor  arma- 
ture. There  are  several  advantages  of  connecting  the 
magnet  coil  in  series  with  the  armature : — 

I— Coils  have  low  inductance,  resulting  in  quick  action. 
2 — When   used   with   series   motors,   danger   of  over-speed- 
ing is  reduced,  since  the  reduction  of  current   incident 
to  high  speed  will  cause  the  brake  to  set. 
3 — In   the   case   of  hoist   motors   lifting   unbalanced   loads, 
the  series  brake  has  the  advantage  that,  if  the  armature 
circuit  should  open,  the  brake  will  set  and  hold  the  load. 
4 — A  series  coil  has  a  low  voltage  across  the  terminals  so 
that   insulation   break    downs   between    turns   are   infre- 
quent.     A  coil  of  a  few  turns  of  heavy  copper  can  have 
insulation  that  will  stand  considerable  overheating  with- 
out serious  injury. 

i\  series-wound  brake  magnet  should  have  enough 
turns  to  release  the  shoes  positively  on  the  first  point  of 
the  controller.  Since  this  current  may  be  50  percent 
of  full  load,  it  is  necessary  that  the  brakes  release  at  a 
value  safely  below  this.  The  coil  must  radiate  the  heat 
produced  by  the  full-load  current  of  the  motor  and 
should  therefore  have  the  same  current  rating  as  the 
motor  with  which  it  is  used.  The  holding  torque  for 
which  the  brake  may  be  set  depends  upon  the  ampere- 
turns  available  for  closing  the  magnet  at  the  instant  of 
starting  the  motor.  For  this  reason  a  brake  used  with 
a  controller  which  passes  100  percent  of  full-load  cur- 
rent on  the  first  point  could  be  set  for  a  higher  torque 
rating  than  if  it  were  used  with  a  controller  that  only 
passed  50  percent  current.  The  brake  coil  could  be 
the  same  in  both  cases  since  the  heating  is  based  on  full- 
load  current.  In  many  cases  a  smaller  brake  could  be 
used  for  certain  applications  if  it  were  known  definitely 
that  a  high  current  peak  was  obtained  itr  starting.  The 
rating  of  the  brake  would  then  be  limited  by  mechani- 
cal stresses  instead  of  the  heating  of  the  magnet. 

Shunt-wound  magnets  are  used  where  the  motor 
current  passes  through  a  low  value  or  reverses  during 
some  point  in  the  cycle  or  where  a  drift  point  is  wanted. 
The  use  of  a  drift  point  on  the  controller  is  to  allow  the 
load  to  coast  before  applying  the  brake.  If  a  shunt  coil 
is  necessary,  it  should  be  wound  for  a  relatively  low 
voltage  and  connected  to  the  line  with  a  resistance  in 
series.     A  discharge  resistance  should  be  provided  to 


prevent  the  inductive  kick  on  opening  the  circuit  from 
breaking  down  the  insulation. 

Alternating-current  Magnets — The  armature  type 
of  magnet  with  an  open  construction  has  the  same  ad- 
vantages for  alternating-current  as  for  direct-current. 
If  a  shaded  pole  face  is  used  it  is  desirable  that  it  be 
kept  outside  of  the  operating  coil.  While  the  same  gen- 
eral laws,  governing  the  magnetic  flux  and  exciting  cur- 
rent, hold  for  alternating-current  as  for  direct-current 
magnets,  the  alternating-current  magnet  presents  many 
problems  and  difficulties  that  are  not  encountered  in 
direct-current  work.  The  alternating  character  of  the 
flux  make  a  laminated  structure  necessary,  to  reduce 
the  heating  from  eddy  currents.  At  the  zero  flux  points 
there  is  no  force  of  attraction  between  the  armature  and 
the  pole  face.*  Therefore,  if  the  magnet  is  to  be  con- 
nected to  a  single-phase  circuit  it  is  necessary  to  put  a 
short-circuited  winding  or  shading  coil  around  a  portion 
of  the  pole  face.  Experience  has  proved  that  correct 
proportioning   of    electric    and    magnetic    circuits    and 
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FIG.    7 — REL.\TION  OF  TORQUE  AND   WHEEL  DI.MIETER  OF  A   MAGNET- 
OPERATED   BRAKE 

careful  design  of  the  shading  coil  are  not  all  that  is  ne- 
cessary. Much  depends  upon  the  mechanical  struc- 
ture, method  of  mounting  and  arrangement  of  parts. 
It  has  been  found  that  certain  constructions,  while  suc- 
cessful under  certain  conditions  or  in  certain  sizes,  may 
be  ver)^  noisy  when  used  under  other  conditions,  or  built 
in  larger  sizes. 

Alternating-current  brake  magnets  may  be  built 
polyphase  as  well  as  single-phase.  In  a  polyphase  magnet 
there  is  always  a  magnetic  flux  in  two  or  more  of  the 
poles  so  that  the  total  pull  never  becomes  zero.  How- 
ever, if  the  construction  is  not  right  there  will  be  a  blow 
at  the  pole  face  in  which  the  zero  flux  does  occur,  due 
to  local  pulling  away  of  the  armature  at  that  point.  A 
heavy  armature  with  considerable  inertia  is  less  likely 
to  chatter  than  one  that  is  light.  For  small  brakes  a 
single-phase  magnet  is  preferable  because  more  pull  can 
be  obtained  for  a  given  weight  of  iron.  The  single- 
phase   circuit   is   also   advantageous    from   the   control 


*See  article  on  "Shading  Coils  for  Single-Phase  Magnets" 
by  Mr.  R.  T.  Kintzing  in  the  Journal  for  Sept.  '15  p.  407. 
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standpoint.  For  large  sizes  the  polyphase  magnet  is 
better. 

The  care  used  in  assembling  an  alternating-current 
magnet  has  much  to  do  with  its  successful  operation.  A 
close  fit  between  the  armature  and  pole  face  is  neces- 
sary to  get  a  good  distribution  of  flux  and  a  quiet  pull 
and  when  properly  designed  and  built  the  alternating- 
current  magnet  gives  good  results. 

Diameter  of  brake  ivheels — In  designing  friction 
brakes,  it  is  important  that  the  brake  wheels  be  of  the 
correct  diameter.  The  correct  wheel  diameter  for  a 
brake  to  hold  a  given  torque  is  given  by  the  formula, — 


D  =  C,     I  Torqiu-  (l8) 


(-'\  =  •?■/, 


=  a  co)istanl •  (19) 


\  144  B  c«x/y.p 
A  curve  plotted  from  the  above  equation  is  shown 
in  Fig.  7.  Knowing  the  torque  the  brake  is  required  to 
hold,  the  proper  wheel  diameter  is  read 
from  the  curve.  In  practice,  the  wheel 
diameters  are  sometimes  limited  by  the 
distance  from  the  center  of  the  wheel  to 
the  base.  It  is  always  desirable  to  have 
this  distance  equal  to  or  smaller  than 
the  corresponding  dimension  on  the  mo- 
tor with  which  the  brake  is  to  be  used. 

APPLICATION  OF  BRAKES 

If  all  the  conditions  under  which  a 
brake  is  to  work  are  known,  it  is  possi- 
ble to  select  a  brake  to  do  the  required 
work,  using  the  formulae  given  in  the 
first  part  of  this  article.  However,  since 
in  the  majority  of  cases  the  data  is  not 
all  available,  it  is  desirable  to  have  some 
arbitrary  basis  on  which  to  apply  a 
brake.  Brakes  are  frequently  applied 
as  full-torque  or  half-torque  brakes.  A 
full-torque  brake  is  one  which  when  set 
exerts  a  retarding  torque  equal  to  the  full-load  torque 
of  the  motor.  A  half-torque  brake  exerts  half  of  the 
above  torque.  The  torque  of  any  motor  is  measured  in 
pounds  at  one  foot  radius  and  may  be  obtained  from  the 
formula, — 

„_    Hf  X  5252 
^  -         S 

Full-torque  brakes  are  used  where  a  quick  stop 
and  considerable  holding  is  required.  On  crane  hoists 
it  is  good  practice  to  put  a  full-torque  brake  on  the  mo- 
tor shaft  and  a  half -torque  brake  on  the  counter  shaft 
of  the  first  gear  reduction.     These  brakes  have  their 


coils  connected  in  series  with  motor  armature.  The 
brakes  in  this  case  help  retard  the  motor  and  load  and 
must  hold  the  heaviest  load  that  will  be  handled  by  the 
crane. 

Brakes  for  mill  floor  service  such  as  manipulators, 
screw  downs,  lift  tables,  etc.  are  usually  applied  on  a 
full-torque  basis.  In  these  installations,  the  service  is 
very  frequent  and  accurate  stops  are  required.  Dynamic 
braking  is  usually  used  in  addition  to  the  friction  brake. 
Series  braking  coils  should  be  used  to  insure  fast  oper- 
ation. The  energy  of  the  motor  armature  comprises 
the  greatest  part  of  the  load. 

Brakes  used  for  elevators,  skip  hoists,  bell  hoists, 
etc.,  are  chiefly  for  the  purpose  of  making  the  final  stop 
and  holding  the  load.  Full-torque  or  half -torque  brakes 
may  be  used,  depending  upon  the  conditions.  Shunt 
brakes  are  usually  employed  due  to  the  nature  of  the 
load  current  which  often  reaches  a  low  value  or 
may  be    regenerative.     In    alternating-current    installa- 


KIG.    S — ^CR.\NE    IKULLEV 

Showing  direct-current  magnet-operated  brake  mounted  on 
the  direct-current  motor. 


tions,  the  brake  usually  both  has  to  retard  and  hold  the 
load,  since  dynamic  braking  is  not  available. 

In  a  number  of  applications  such  as  reversing 
planers,  bucket  conveyors,  etc.,  brakes  are  used  to  stop 
the  moving  load  in  case  of  emergency.  This  corre- 
sponds to  very  light  service  as  far  as  the  brake  shoes 
are  concerned,  but  means  continuous  dut)'  for  the  mag- 
net winding.  Shunt  coils  are  used  and  are  de-energized 
only  in  case  of  failure  of  voltage  or  other  emergency. 
Full-torque  or  half-torque  brakes  may  be  used  depend- 
ing upon  how  quick  a  stop  is  required  and  the  load  the 
brake  is  required  to  hold. 
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INE  HOISTS  may  be  divided  into  two  general 

classes ;    those    for   coal    mines    and    for   metal 

mines   the   essential   difiference  being  that   coal 

mines  are  shallow  and   the   metal   mines   deep.*     Coal 

mining  practice  differs  in  the  anthracite  and  bituminous 

fields,  and  the  practice  varies  in   different  states.     In 

general,  hoists   for  coal  mines  run   froni  250  to   1000 

horse-power.     In   metal   mines,   the   motor  may   reach 

double  the  size  of  that  for  coal  mines.     In  addition  to 

the  main  hoists,  small  hoists  are  frecjuently  put  in  for 

handling  men  and  supplies.  These  hoists  may  be  so  small 

that   the   ordinary    form   of    drum    controller   may   be 

used.** 

The  large  controllers   may   be   divided   into   three 

classes : — 

I — Contactor   Controllers. 
2 — Liquid  Controllers. 
3 — Voltage  Controllers. 

Most  mine 
hoists  are  operated 
from  alteniating- 
c  u  r  rent  supply 
lines  a  n  d  there- 
fore use  alternat- 
ing-current slip 
ring  motors,  either 
to  drive  the  hoist 
directly  or  through 
a  motor-generator 
flywheel  set  to 
supply  direct-cur- 
rent to  the  hoist 
motor.  In  some 
cases  where  d  i- 
rect-current  power 
is  available,  the  di- 
direct-current  mo- 
tor which  operates 
the  hoist  i  s  con- 
trolled directly  from  the  supply  lines 


changing  the  position  of  the  handle,  the  speed  of  the 
motor  may  be  changed. f  Ordinarily,  a  mine  hoist  is 
used  for  the  purpose  of  hoisting  material  out  of  the 
mine.  It  is  therefore  operated  normally  under  load 
conditions  and  a  rheostatic  control  of  this  kind  gives 
satisfactory  operation. f  In  the  off  position  of  the  con- 
troller, a  mechanical  brake  is  applied  for  stopping  the 
hoist  and  holding  it  securely  at  the  landing.  This  brake 
is  often  released  by  an  electro-magnet,  which  is  de-en- 
ergized in  the  off  position  of  the  controller  and  applies 
the  brake. 

One  of  these  controllers  built  for  a  2200  volt  prim- 
ary and  a  low  voltage  secondary  is  shown  in  Fig.  3. 
The  primary  contactors  are  provided  with  large  mag- 
netic blowouts  to  take  care  of  the  high  voltage.  The 
secondary  voltage  of  an  induction  motor  is  determined 
by  the  design  and  is  independent  of  the  primary  voltage. 

It  is  customary  to 
wind  the  second- 
ary of  these  mo- 
tors so  that  the 
standard  low  volt- 
age contactors  can 
be  used.  The 
primary  may  b  e 
wound  for  220, 
440,  550  or  2200 
volts.  For  the 
larger  hoists,  a 
2200  primary  is 
desirable  in  order 
to  keep  the  current 
^mall  and  reduce 
the  size  of  primary 
leads. 

When     the 
empty    cage   is   at 
the  top  of  the  hoist 
and  the  loaded  cage  at  the  bottom,  the  motor  must  lift 
not  only  the  load  in  the  cage,  but  also  the  total  weight  of 
the  rope  between  the  drum  and  cage.     The  weight  of 
This  form  of  control  has  been  used  almost  entirely     the    two    cages    usually    balances.     After    the    load    is 
for  the  smaller  motors  and  also  for  some  of  the  larger     started 


FIG.    I  —  HuisUNG    kUU.M     FOR    VOLTAGE    CONTROL  EQUIPMENT 

Showing  the  flywheel  motor-generator  set  to  the  right,  the  liquid  regu- 
lator in  the  center  and  the  control  panel  at  the  left.  Magnetic  contactors  are 
used  for  varying  the  strength  of  the  generator  field. 


CONTACTOR  CONTROL 


motors  up  to  approximately  1000  horse-power.  It  is 
much  more  durable  than  the  drum  controller  for  small 
motors  and  is  often  preferred,  although  the  first  cost  is 
greater.  The  method  of  control  is  illustrated  in  Fig.  2. 
The  drum  type  master  switch  causes  the  motor  to  op- 
erate in  either  the  hoisting  or  lowering  direction  and  by 


the  rope  on  the  hoisting  side  becomes  shorter 
and  the  rope  on  the  lowering  side  longer,  so  that  the 
work  done  by  the  motor  is  gradually  decreased. J  In 
order  to  assist  the  motor  in  starting  the  load  from  the 
bottom,  one  end  of  the  drum  is  frequently  coned  so  that 
the  rope  is  wound  on  a  small  diameter  at  the  start,  Fig. 
7.     This  works  out  very  well  for  short  travels  where  the 


by    Graham 


_   *See    article    on    "Control    for    Mine    Hoists" 
Bright  in  the  Journal,  for  December,  1914,  p.  704, 

**Drum  controllers  were  illustrated  in  the  Feb  1917  issue 
of  the  Journal,  pp.  55-57,  Figs.  5  to  g.  Their  principal  advan- 
tage is  cheapness  and  compactness,  and  where  the  duty  is  light 
they  are  very  satisfactory.  ' 


tThe  speed-torque  curves  for  this  method  of  control  are 
shown  in  the  Journal,  for  April  1917,  p  152.  These  curves 
5how  that  the  speed  of  the  motor  depends  upon  the  load. 

tThis  is  illustrated  by  the  torque  curve,  Fig.  6.  p.  280  in  the 
Journal,  for  July  1917. 


176 


THE    ELECTRIC    JOURNAL 


rope  can  be  wound  upon  the  drum  in  a  single  layer.  For 
deep  mine  hoists,  the  rope  is  wound  back  and  forth 
across  the  face  of  the  drum  in  layers,  which  makes  it 
necessary  to  use  a  cylindrical  drum  instead  of  a  cone,  so 
that  in  deep  mine  hoisting  the  load  starts  with  maxinuiiii 
torque. 

In  bringing  the  motor  to  rest,  it  is  sometimes  cus- 
tomary to  reverse  the  primary  of  the  motor  for  a  short 
period  of  time.  This  reversing  of  the  motor  is  known 
as  "plugging."  It  results  in  a  high  secondary  voltage. 
If  the  motor  is  running  at  full  speed,  the  slip  of  the  mo- 
tor will  approximate  200  percent  and  the  secondary  volt- 


ing  the  primary  of  the  motor  to  a  direct-current  source 
of  power.     This  adds  some  complication  which  has  pre- 


iBrcakci 


FIG.    2 — DIAGRAM    OF   CONNECTIONS    FOR   CONTACTOR   CONTROLLER 

This  controller  consists  of  two  primary  contactors  I  and  2 
for  the  purpose  of  connecting  the  primary  of  the  motor  to  the 
line  to  give  the  proper  direction  of  rotation.  Four  secondary 
contactors  are  controlled  by  current  limit  relays.  These  sec- 
ondary contactors  automatically  short-circuit  the  resistor  in  the 
secondary  circuit  of  the  motor  during  acceleration.  The  prim- 
ary and  secondary  contactors  are  controlled  by  a  drum-type 
master  switch.  Two  track  limit  switches  automatically  stop  the 
hoist  at  either  limit  of  travel.  The  motor  is  protected  by  a 
three-pole  circuit  breaker  in  the  supply  line. 

age  will  be  double  the  voltage  obtained  when  the  mo- 
tor is  started  from  rest.  If  plugging  is  to  be  practiced, 
the  secondary  control  and  the  insulation  of  the  motor 
windings  should  be  arranged  for  this  higher  voltage. 
The  operator  must  be  careful  to  turn  the  controller  to 
the  off  position  when  the  motor  comes  to  rest  after  plug- 
ging; otherwise,  the  direction  of  rotation  will  be  re- 
versed and  an  accident  may  result. 

The  present  development  of  the  art  has  not  pro- 
duced a  method  for  obtaining  dynamic  braking  for  al- 
ternating-current motors,  which  is  applicable  to  general 
hoisting  requirements.  Dynamic  braking  can  be  ob- 
tained as  explained  in  the  preceding  article,*  by  connect- 


vented  its  general  use. 


FIG.   3 — CONTACTOR    CONTROL    FOR    AN    ALTERNATING-CURRENT    2200 
VOLT  MOTOR 

Three  two-pole  contactors  are  used  to  control  the  primary 
of  the  motor.  One  contactor  is  used  for  hoisting ;  a  second 
contactor  for  lowering,  and  a  third  contactor  operates  for  each 
direction  of  hoist,  acting  as  an  additional  safety  feature  to  in- 
sure the  opening  of  the  motor  circuit  in  case  of  accident  to 
either  of  the  directional  contactors.  Six  two-pole  contactors 
are  used  in  the  secondary  circuit.  The  acceleration  is  con- 
trolled by  current  limit  relays. 

A  direct-current  controller  for  an  automatic  mine 
hoist,  using  a  600  horse-power,  direct-current  motor  is 
shown  in  Fig.  4.  The  hoist  is  operated  in  much  the 
same  way  as  a  skip  hoist  or  elevator.  After  the  motor 
is  started,  the  load  is  hoisted  to  the  proper  level,  auto- 


f 


£-,, 


*In  the  Journal  for  April  1918,  p.  no. 


FIG.   4 — contactor  P.^NEL  FOR  A  DIRECT-CURRENT  AUTOMATIC  HOIST 

The  contactors  at  the  top  of  the  panel,  at  the  right,  control 
the  direction  of  rotation  and  have  a  mechanical  interlock  which 
prevents  one  switch  from  closing  before  the  other  directional 
switch  is  opened.  At  the  bottom  of  the  panel  are  two  con- 
tactors with  back  contacts  for  slowing  down  the  hoist  automati- 
cally. The  other  contactors  are  used  for  short-circuiting  sec- 
tions of  resistors. 

matically  slowed  down,  stopped  and  the  load  discharged. 
The  speed  of  this  hoist  is  500  ft.  per  min.  Up  to  the 
present,  such  an  arrangement  has  not  been  installed  for 
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use  with  alternating-current  motors.  The  contactor 
type  of  rheostatic  control  is  preferred  in  some  localities 
to  the  liquid  controller,  even  for  large  size  motors. 

LIQUID  CONTROLLERS 

The  liquid  controller  differs  from  the  contactor 
control  in  the  secondary  circuit  of  the  motor  only.  Both 
controls  use  contactors  for  the  primary.  The  second- 
ary of  the  motor  in  this  form  is  connected  to  a  set  of 
electrodes  emersed  in  a  solution  of  water  and  soda.     A 


the  height  of  the  weir.     The  pump  is  driven  by  a  small 
induction  motor. 

An  ingenious  arrangement  of  operating  levers  is  il- 
lustrated in  Fig.  8.  This  consists  of  a  floor  stand  hav- 
ing a  slot  similar  to  the  letter  H,  one  of  each  of  the  op- 
posite sides  being  short.  The  long  sides  of  the  H  are 
for  normal  operation.  If  the  operator  wishes  to  plug 
his  motor,  he  moves  the  handle  back  in  the  same  slot, 
passing  through  the  central  position  into  the  short  side 
of  the  slot,  which  limits  the  handle  so  that  sufficient  re- 
sistance remains  in  the  secondary  circuit  to  give  the 
maximum  torque.  To  pass  from  one  slot  to  the  other, 
the  handle  must  be  brought  to  the  central  position  and 
moved  sideways. 

Counterweight 


To   Motor  Secondary 


Electrodes 
Electrode   Tank 


Puinp       Pump  Motor 

Tit 


Master  Switch 
FIGS.    S    AND   6 — LIQUID   RHEOSTAT    WITH    //-SLOT   DEVICE 

The  upper  tank  contains  the  electrodes  which  are  connected  to  the  secondary  of  the  motor.  The  lower  tank  is  a  reservoir 
for  the  electrolj'te  and  contains  the  cooHng  coils.  The  water  is  pumped  from  the  lower  tank  to  the  upper  tank  continuously 
and  the  height  of  the  electrolyte  in  the  upper  tank  is  determined  by  the  position  of  the  weir.  The  same  levers  which  raise 
and  lower  the  weir  operate  the  master  switch,  which  is  located  on  the  outside  of  the  reservoir  tank.  Adjustable  stops  are 
provided  on  the  H-slot  for  regulating  the  depth  of  the  slot  for  plugging. 


cross-section  of  this  control  is  shown  in  Fig.  6  and  a 
general  view  in  Fig.  5.  The  master  switch,  on  the  side 
of  the  tank,  controls  the  primary  contactor  and  the 
v/eir  is  so  arranged  that  the  water  level  in  the  electrode 
tank  is  at  a  minimum  in  the  central  or  off  position.  The 
size  of  this  weir  is  designed  so  that  the  electrode  tank 
will  empty  as  fast  as  the  weir  is  lowered.  If,  however, 
the  weir  is  quickly  moved  to  its  upward  position,  it  will 

Adiusuiblc  Stops 


Compared   with   the   contactor   control,   the  liquid 
controller  has  the  following  advantages : — 

Simplicity — There  are  no  electrical  connections  to  get  out 
of  order,  the  only  renewals  being  the  addition  of  fresh  water 
from  time  to  time  to  replace  that  lost  through  evaporation  or 


E 


^ 


FIG.    7 — COXED    DRUM 

The  hoist  rope  starts  winding  on 
the  small  diameter  of  the  drum.  As 
hoisting  progresses,  it  is  wrapped 
around  the  coned  portion  of  the 
drum  and  thence  on  to  the  large 
diameter  portion. 


FIG.  8 — S  INGLE 
LEVER    //-SLOT    DE- 
VICE 


take  from  10  to  15  seconds  to  fill  the  upper  tank,  allow- 
ing a  suitable  time  for  the  motor  to  accelerate.  When 
the  tank  is  full  the  secondary  of  the  motor  is  practically 
short-circuited,  so  that  the  motor  runs  at  approximately 
full  speed.  In  the  reservoir  tank  underneath  the  elec- 
trode tank  is  located  a  system  of  cooling  coils.  Water 
is  pumped  from  this  lower  tank  to  the  upper  tank  con- 
tinuously, causing  a  circulation  around  the  cooling  coils. 
The  height  of  water  in  the  upper  tank  is  controlled  by 


FK-   9 — DIAGRAM   OF  CONNECTIONS  OF  EQUALIZER  FLYWHEEL  HOIST- 
ING   SET 

A.C.M. — wound-secondary  induction  motor  ;  F — flywheel ; 
D.C.G. — separately-excited  direct-current  generator;  E — ex- 
citer; /P.C.Af.— separately-excited  direct-current  motor;  S.R.— 
automatic  liquid  slip  regulator;  T — torque  motor  for  slip  regu- 
lator; 0.  C.  B. — oil  circuit-breaker;  F.  C. — reversing  field  con- 
troller for  generator;  /?— rheostat  for  motor  field;  f/.i?.— volt- 
age regulator  for  exciter;  A — ammeter;  V — voltmeter;  IV — 
watthour  meter;  I.IV. — integrating  wattmeter. 

steaming.     Fresh  water  is  all  that  is  required,  as  the  soda  in  the 
solution  remains  constant. 

Large  thermal  capacity — The  large  mass  of  water  will  ab- 
sorb a  considerable  amount  of  heat,  so  that  for  short  intervals 
of  time  a  large  amount  of  energy  can  be  dissipated. 
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Overload  capacity — If  energy  is  accumulated  in  the  rheo- 
stat faster  than  it  can  be  radiated  or  carried  off  by  the  cooling 
water,  steam  is  formed  absorbing  the  surplus  energy. 

No  definite  control  steps  exist  in  this  form  of  controller. 
It  is  possible,  therefore,  to  adjust  tlie  motor  for  any  desired 
speed. 


FIG.    10 — VIEW    OF    HOISTING    ROOM 

Showing  operating  pulpit  and  liquid  controller.  The  prim- 
ary panel  is  located  to  the  right. 

The  following  disadvantages  exist: — 

Cooling  water  is  sometimes  hard  to  obtain  and  if  this  water 
has  certain  impurities  in  it,  the  cooling  coils  deteriorate  quite 
rapidly.  If  the  water  is  muddy,  it  is  necessary  to  blow  out  the 
coils  from  time  to  time.  The  problems  involved  in  cooling 
coils  in  a  controller  of  this  kind  are  similar  to  the  problems  en- 
countered in  tubular  boilers  and  condensers. 


FIG.    II — HOIST   OPERATED    BY    SLIP-RING    MOTOR 

Showing  tlie  2200  volt  hoisting  panel,  together  with  the 
feeder  panel  in  the  background. 

The  controller  is  harder  to  operate  from  a  mechanical 
standpoint  than  the  contactor  type,  as  the  mechanical  effort  re- 
quired to  move  the  weir  up  and  down  is  greater  than  that  re- 
quired for  moving  the  master  switch  handle. 

The  controller  must  he  located  conveniently  to  the  operat- 
ing pulpit  so  that  mechanical  connections  can  be  made  between 
the  lever  in  the  pulpit  and  the  controller. 


FIG.    12 — HOIST    UFER.MKD    I!V    VoI-lAGE    CONTROL    METHOD 

The  controller  consists  of  a  large  field  rheostat  located  on 
the  right  hand  side  of  the  hoisting  drum.  The  large  dial  in  the 
foreground  is  a  depth  indicator. 

The  contactor  control  is  usual!)'  cheaper  for  mo- 
tors up  to  500  horse-power.  The  liquid  controller  is 
often  cheaper  for  the  larger  motors.  This  point  of 
difference  is  not  definite,  as  it  changes  with  variations 
in  design,  and  is  given  merely  for  general  information. 


Other  designs  of  liquid  controllers  have  been  used  for 
smaller  motors,  but  the  commercial  demand  so  far  has 
not  developed  the  smaller  type  of  liquid  controller  to 
anv  considerable  extent. 


FIG.    13 — LIQUID    CONTkuLitK     INSTALLATION 
VOLTAGE  CONTROL 

This  control  is  particularly  well  adapted  to  large 
hoists  for  deep  mines.*  It  is  illustrated  diagramatically 
in  Fig.  9.  Figs.  10,  11  and  12  illustrate  installations  of 
this  type.  The  alternating-current  power  is  supplied  to 
an  induction  motor  which  drives  a  flywheel  and  a  di- 
rect-current generator.  The  direct-current  generator 
is  connected  to  a  direct-current  hoisting  motor.  The 
speed  and  direction  of  rotation  of  the  hoist  motor  is 
controlled  by  changing  the  field  strength  of  the  gener- 
ator. The  flywheel  serves  to  store  energy  during  the 
low  dem.'ind  periods  and  to  give  out  energy  when  the 


HG.    14 — CAM    LlMll    j'.VilCH    WITH    WORM    REDUCTION    GEARING 

demand  exceeds  the  average  requirements.  This  is  ef- 
fected by  changing  the  resistance  in  the  secondar}'  of  the 
alternating-current  motor,  as  described  in  the  article  re- 
ferred to  above.  Hoists  using  this  system  of  control 
have  the  following  advantages: — 


*The  principles  of  this  system  of  control  were  described  in 
the  Journal,  for  July  1917,  beginning  on  p.  278. 
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I— The  maxinuiin  demand  for  power  can  be  kept  close  to 
the  average.  Where  power  is  purchased  on  the  basis  of  a 
maximum  demand,  considerable  saving  in  the  power  bill  may 
be  effected  by  the  use  of  a  flywheel  motor-generator  set. 

2— The  speed  of  the  hoist  motor  may  be  controlled  closely 
under  all  conditions  of  load.  If  the  hoist  is  used  for  lowering 
men  into  the  mine,  the  speed  of  the  cage  can  be  held  at  the 
proper  value  and  the  hoist  operated  at  a  high  efficiency,  as  there 
are  no  rheostatic  losses  except  in  the  field  control  for  the 
generator  which  is  very  small.  Where  the  mine  is  deep,  the 
lowering  of  the  cage  on  a  mechanical  brake  presents  consider- 
able dilficulties  and  it  is  preferable  to  use  a  system  having  dyna- 
mic braking  with  speed  adjustment. 

T, — Sufficient  energy  is  stored  in  the  flywheel  so  that  one  or 
more  trips  can  be  made  with  the  hoist  after  failure  of  power. 
Tliis  may  be  a  distinct  advantage  in  case  of  interruption  of  the 
[tower  supply. 

4  Where  the  hoist  is  in  constant  operation,  the  losses  of 
the  motor-generator  set  are  less  than  the  rheostatic  losses  when 
the  motor  is  operated  directly  from  the  supply  lines,  so  that  this 
system  gives  an  economy  in  power  consumption. 

The  loss  in  electric  power  in  the  hoisting  system  re- 
present only  a  part  of  the  total  losses.  Assuming  that 
an  ordinary  hoist  has  an  efficiency  of  50  percent  and 
that  half  of  these  losses  are  due  to  mechanical  friction 
and  half  due  to  the  electrical  machinery  and  control,  we 
have  a  possible  saving  of  only  25  percent  of  the  total 
power  if  we  operate  without  electrical  losses.     If  the 

voltage  system  of  control  for 
any  particular  installation 
should  show  half  the  loss  ob- 
tained with  a  rheostatic  con- 
trol, then  the  total  saving  in 
power  would  be  only  12.3  per- 
cent. Usually  the  distribu- 
tion of  losses  is  such  that  the 
saving  is  less  than  this 
amount.  The  voltage  method 
of  control,  comprising  a  mo- 
tor-generator set,  direct-cur- 
rent hoist  motor,  flywheel, 
and  slip  regulator,  will  often 
cost  from  three  to  four  times 
as  much  as  the  ordinary- 
wound  rotor  motor  with  rheo- 
static   control.     This    differ- 

FIG.    IS-GEARED   LIMIT   CAM-     ^HCe      iu      firSt      COSt      lllUSt      bc 

TYPE     SWITCH     WITH    capitalized  against  the  saving 
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m  power.  Many  installations 
do  not  use  the  voltage  method  of  control  on  account  of 
its  higher  first  cost.  On  the  other  hand,  where  the  oper- 
ating requirements  do  not  lend  themselves  readily  to 
rheostatic  control,  a  decision  favoring  the  use  of  a  volt- 
age system  of  control  may  be  made. 

Since  the  motor-generator  set  operates  continu- 
ously, it  is  not  economical  to  use  this  system  of  control 
where  the  hoist  motor  operates  infrequently  or  has  con- 
siderable periods  of  rest.  If  we  assume  that  the  periods 
of  rest  are  approximately  the  same  for  a  deep  or  shal- 
low mine,  it  can  be  readily  seen  that  the  ratio  of  operat- 
ing time  to  total  time  for  the  hoist  motor  will  vary  with 
the  depth  of  the  mine  and,  the  deeper  the  mine,  the 
more  economical  it  will  be  to  use  the  voltage  method  of 
control. 

The  mining  laws  in  some  localities  are  much 
stricter  than  others  and  have  an  influence  upon  the  se- 


lection of  the  proper  control  for  the  hoist.  Each  instal- 
lation must  be  carefully  studied  and  tlie  type  of  control 
arrived  at  after  reviewing  all  of  the  features  involved. 
No  general  rule  can  be  laid  down  for  the  selection  of  a 
type  of  control  for  large  hoists. 

SAFETY   DEVICES 

Mine  hoists,  in  common  with  elevators  and  skip 
hoists,  have  definite  limits  of  travel  for  the  car  or  cage. 
It  is  therefore  necessary  to  provide  automatic  means  for 
stopping  the  hoist  motor  as  the  cage  approaches  either 
limit  of  travel.  Where  the  speed  of  the  hoist  is  con- 
siderable, it  is  necessary  to  slow  the  motor  down  before 
the  final  stop.  This  slowing  down  may  be  accomplished 
by  gearing  limit  switches  to  the  drum  shaft  of  the  hoist 
or  by  a  centrifugal  device  which  stops  the  hoist  if  the 
operator  exceeds  a  certain  speed  as  he  approaches  either 
limit  of  travel.  For  high  speed  hoists,  the  latter  method 
seems  to  be  preferable.  This  centrifugal  device  consists 
of  governor  balls  revolved  at  a  high  speed  by  means  of 
mechanical  drive  from  the  hoisting  machinery.  These 
balls  are  mechanically  connected  to  a  latch  which  is 
raised  or  lowered,  depending  upon  the  speed  of  the 
hoist.     Passing  underneath  this  latch  is  a  cam  driven 


FIG.    16 — I1.\TCHWAY   LIMIT   SWITCH 

With  and  without  cover. 

from  the  hoist.  The  height  of  this  cam  is  changed  at 
either  limit  of  travel  and  so  adjusted  that  the  cam  will 
come  into  mechanical  contact  with  the  latch  if  the  speed 
exceeds  a  fixed  amount  at  any  part  of  the  travel.  If  the 
cam  engages  the  latch,  a  contact  Is  opened  which  dis- 
connects the  hoist  motor  from  the  line  and  applies  the 
brakes.  This  will  usually  stop  the  hoist  short  of  the 
landing  and  it  will  be  necessary  for  the  operator  to  re- 
set the  device  by  hand  before  he  can  proceed. 

A  geared  limit  switch  consisting  of  a  series  of  cams 
is  shown  in  Fig.  14.  The  cam  shaft  is  driven  from  the 
hoist  mechanism.  These  cams  can  be  set  to  open  their 
corresponding  switches  for  various  positions  of  the 
cage.  This  limit  switch  usually  has  several  cams,  the 
first  providing  a  slower  motion  for  the  hoist  and  the 
last  one  disconnecting  the  motor  from  the  line  and  ap- 
plying the  brake.  If  a  centrifugal  stop  is  used  in  con- 
junction with  the  geared  limit  switch,  the  geared  switch 
may  be  used  only  for  the  final  stop. 

A  track  limit  switch  which  is  placed  in  the  runway 
for  the  cage  and  arranged  to  be  tripped  when  the  cage 
reaches  this  part  of  the  travel  is  shown  in  Fig.  16.  Two 


i8o 


THE  ELECTRIC  JOURNAL 


of  these  switches  are  used,  one  in  the  runway  for  each 
cage,  and  they  are  placed  so  that  they  will  not  operate  if 
the  geared  limit  switch  performs  its  functions  properly 
and  constitutes  an  extra  safety  stop.  When  only  one 
cage  is  used,  a  single  limit  stop  at  the  top  travel  of  the 
cage  is  usually  sufficient. 

BRAKES 

Small  hoists  may  be  provided  with  a  friction  brake 
released  by  a  magnet  and  applied  by  a  spring  or  weight. 
This  brake  is  applied  on  failure  of  voltage  or  when  the 
controller  is  in  the  central  or  off  position.  It  may  be 
applied  also  by  any  of  the  limit  stops.  For  larger  hoists, 
a  more  elaborate  system  of  braking  is  necessary.  One 
of  these  systems  uses  oil  under  pressure  for  operating 
the  brakes.  The  oil  is  controlled  ordinarily  by  a  lever 
in  the  operating  stand.  In  addition,  a  magnetic  valve  is 
so  arranged  that  when  the  magnet  is  de-energized,  the 
brake  is  applied.  This  magnet  can  be  disconnected 
from  the  line  by  the  centrifugal  stop,  the  geared  limit 
switches,  the  track  limit  switch  or  any  other  safety 
means  available. 


AUTOMATIC  CONTKOL 

The  question  of  controlling  hoists  so  that  they  auto- 
matically stop  at  either  limit  of  travel  and  discharge 
their  load,  has  been  considered  from  time  to  time,  but 
very  few  are  in  use.  The  control  shown  in  Fig.  4  illus- 
trates one  of  these  hoists.  At  present  direct-current 
hoist  motors  should  be  used.  By  using  the  voltage 
method  of  control,  large  motors  can  be  made  to  slow 
down  and  stop  automatically.  It  has  been  a  question, 
however,  whether  enough  would  be  gained  by  this  auto- 
matic operation  to  pay  for  the  additional  complication. 
Ordinarily,  the  stretching  of  the  rope  in  a  deep  mine 
hoist  would  frequently  put  such  a  device  out  of  adjust- 
ment. The  longer  the  rope,  the  greater  the  difficulty 
from  this  source.  For  shallow  mine  hoisting,  this  diffi- 
culty is  not  so  serious.  The  time  will  probably  come 
when  there  will  be  a  considerable  use  made  of  automatic 
stopping  and  discharging  of  the  load  from  shallow 
hoists. 


Cementing  Porcelain  Insulators 

No  small  part  of  the  successful  operation  of  a  pin-type 
porcelain  insulator  is  due  to  the  care  with  which  the  several 
sections  are  cemented  together.  Ordinary  Portland  cement  is 
probably  the  most  widely  used  and  best  cement  for  the  purpose. 

The  cement  should  be  used  neat.  In  mixing,  the  cement 
should  be  worked  thoroughly  with  just  as  little  water  as  will 
permit  the  mixture  being  worked  into  the  recessed  parts  with 
a  trowel.  In  no  case  should  it  be  allowed  to  stand  more  than 
one-half  hour  before  using,  and  if  any  setting  has  taken  place 
it  should  not  be  thinned  again  with  water,  but  it  should  be 
thrown  away  and  a  new  lot  mixed. 

In  mounting,  the  parts  to  be  cemented  should  be  assembled 
in  their  proper  relative  positions,  and  held  there  by  a  jig  or 
by  blocks  or  wedges  to  make  sure  that  all  parts  fit  properly. 
The  parts  should  then  be  seperated  and  wet  and  then  the 
cement  placed  in  the  recess  to  be  cemented.  In  reassembling, 
the  parts  should  be  worked  well  into  position,  so  that  the 
cement  is  forced  into  all  grooves  and  irregularities  of  both 
the  recessed  and  inserted  parts. 

Care  should  be  taken  when  cementing  together  the  differ- 
ent porcelain  parts  that  cement  docs  not  extend  beyond  the 
point  of  distance  indicated  on  the  drawing.  When  cementing 
pins  in  insulators,  the  cement  should  not  extend  beyond  the 
threaded  part  of  the  hole  for  the  pin.  The  assembled  unit 
should  then  be  clamped  or  wedged  firmly  in  position. 

The  completely  assembled  insulator  should  then  stand  in 
moist  air  for  24  hours,  after  which  the  cemented  parts  should 
be  covered  with  water  for  an  additional  48  hours,  if  the  shape 
of  the  porcelain  is  such  that  this  can  be  conveniently  done; 
otherwise  the  unit  should  stand  in  moist  air  for  a  total  of  72 
hours.  Good  results  can  be  obtained  by  covering  the  insulators 
with  a  wet  cloth,  waste  or  excelsior  arranged  to  extend  into  a 


vessel  of  w'atcr  in  such  a  way  as  to  insure  a  constant  supply 
of  moisture.  A  final  drying  of  24  hours  in  the  open  air  is 
Ihen  recommended. 


Protective   Resistors    for   Instrument   Trans- 
former Fuses 

The  energy  that  may  be  dissipated  in  a  short-circuit  is  not 
dependent  upon  the  normal  current  of  the  circuit,  but  upon 
(he  impedance  of  the  circuit  and  the  k.v.a.  capacity  of  the 
supply.  A  short-circuit  at  the  high-tension  terminals  of  an 
instrument  potential  transformer  is,  therefore,  likely  to  be 
rery  severe,  unless  some  device  for  limiting  the  flow  of  cur- 
rent is  provided.  This  follows  from  the  usual  practice  of  con- 
necting instrument  potential  transformers  directly  to  the  bus- 
oars  through  fair  sized  conductors,  which  because  of  their 
>hort  length  afford  but  little  impedance.  Commonly,  a  light 
fuse  has  been  used  to  interrupt  the  current  to  the  potential 
transformer  in  case  of  excessive  demand,  but  this  arrange- 
nent  is  not  adequate  when  the  amount  of  energy  that  may  be 
delivered  through  the  fuse  exceeds  loooo  k.v.a.,  for  this  is 
roughly  the  maximum  interrupting  ability  of  the  usual  en- 
closed cartridge  tj'pe  of  fuse. 

Protective  resistors  have  been  proposed  and  are  now  com- 
ing into  common  use  as  a  means  of  limiting  the  current  pass- 
ing through  the  instrument  potential  transformer  fuses,  so 
(hat.  in  cases  of  short-circuit,  the  fuses  will  be  able  to  open  the 
rircuit.  Such  resistors  continuously  carry  but  the  very  small 
current  normally  flowing  in  the  high-tension  windings  of  the 
instrument  transformers,  commonly  but  a  few  hundredths  of 
\n  ampere,  and  limit  the  maximum  currents  in  times  of  short- 
circuit  to  between  20  and  40  amperes,  which  can  readily  be 
interrupted  by  the  usual  fuse.  At  the  same  time  no  material 
inaccuracies  in  metering  are  introduced  by  the  use  of  these 
resistors. 
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QURs 

be  of  nencral  interest; 
fniTividu  il   Pieces  of  apparatus  is   not   supplied, 
include  all  data  necess.ary  for  an  intelligent  answ, 


A  PERSONAL  reply  is  mailed  to  each  questioner  enclosini;  a  stamped,  .self 
addressed  en\elope  as  soon  as  the  necessary  information  can  be  obt.iincd. 


Anonymous  (|uestions  cannot  be  considered.  As  each  question  is  answered 
by  an  expert  on  the  subject  in\olved,  and  checked  by  at  least  two  others, 
a  reasonable  lenf^th  of  time  should  be  allowed  before  e.\pectinj^  an  answer. 


1590— Sup  Regul.\tor— The  voltage  im- 
pressed on  the  stator  of  an  induction 
motor  with  a  sHp  regulator,  Fig.  (a), 
is  550,  and  the  open  circuit  voltage 
induced  in  the  rotor  is  750.  Con- 
siderable trouble  has  occurred  on  ac- 
count of  the  rotor  winding  breaking 
down  to  ground  at  the  neutral  con- 
nection, marked  X.  The  slip  regu- 
lator frame  and  coils  for  cooling  are 
metallically  grounded  through  the 
water  system.     It  is  my  opinion   that 


FIG.  1590  (a) 

this  regulator  should  be  insulated 
from  ground  to  minimize  the  tend- 
ency of  the  windings  of  the  rotor 
to  break  down.  The  objection,  of 
course,  to  this  remedy  would  be  that 
some  safeguard  would  be  needed  to 
prevent  the  human  element  from 
coming  into  contact  with  it. 

R.H.N.L.    (br.  col.) 

Slip  regulators  are  built  with 
grounded  tanks  on  the  theory  that 
the  resistance  in  each  phase  is  equal. 
This  being  true  there  would  be  zero 
potential  between  the  regulator  tank 
and  the  ground  connection  on  the  motor 
and  therefore  no  current  will  flow 
through  this  ground  connection.  When 
there  is  a  flow  of  current  through  the 
ground  connection,  adjustments  of  the 
electrodes  should  be  made  to  balance 
the  resistance  in  each  phase.  g.w.h. 

1591 — Power-Factor  Readings  on  Al- 
ternator— A  three-phase  alternator 
is  carrying  a  balanced  non-inductive 
load.  To  phase  /-.'  an  inductive  load 
is  added  of  approximately  60  percent. 
There  is  an  ammeter  in  each  phase 
of  the  circuit  and  it  is  found  that  the 
ammeters  in  phases  /  and  2,  do  not 
increase  the  same  amount  when  the 
inductive  load  is  added.  If  to  the 
original  balanced  non-inductive  load, 
loads  of  varying  power-factor  are 
added,  it  is  found  that  as  the  phase 
of  the  added  load  is  reduced,  the 
difference  in  the  ammeter  readings  in 
the  two  legs  of  the  phase  to  which 
the  inductive  load  is  added,  becomes 
greater,  and  as  the  power-factor  of 
the  added  load  is  increased  the  am- 
meter readings  in  the  two  legs  of  the 
phase  to  which  the  load  is  added  be- 


come nearer  and  as  the  added  load 
approaches  unity  power- factor  the 
two  meter  readings  in  that  phase  will 
he  the  same.  Will  you  please  explain 
this  phenomenon  and  give  a  vector 
diagram  showing  how  the  results  are 
obtained?  R.f.h.    (man.) 

The  vector  diagrams,  Fig.  (a),  show 
the  effect  of  combining  a  single-phase 
with  a  balanced  three-phase  load.  The 
vectors,    OA,    OB,    and    OC,    Fig.    (a). 


(a)  -^H  <b) 

FIG.     1591   (a)  and  (b) 


represent  the  currents  in  the  three 
phases  due  to  the  balanced  load  only. 
These  vectors  may  be  used  to  represent 
the  three  voltages  also,  and  a  line  drawn 
from  ^  to  S  will  then  represent  the 
terminal  voltage  across  phases  /  and  z. 
If  a  single-phase  load  is  applied  to  these 
terminals  the  current  may  be  shown  by 
two  vectors  drawn  so  as  to  be  directly 
opposite  to  each  other  and  making 
angles  with  the  voltage  vector,  AB , 
which  are  determined  by  the  power- 
factor  of  the  load.  The  reason  for 
using  two  vectors  is  apparent  when  it 
is  considered  that  the  position  of  the 
vector,  as  ordinarily  employed  for 
three-phase  circuits,  represents  the  time 
at  which  the  current  in  a  certain  phase 
is  a  maximum  and  in  a  direction  out- 
ward from  the  star.  Since  the  single- 
phase  current  flows  toward  the  star  in 
phase  2  at  the  same  time  it  flows  out 
from  star  in  phase  /,  it  must  be  repre- 
sented by  one  vector  for  phase  I  and 
by  a  vector  with  opposite  direction  for 
phase  2.  The  length  of  each  of  these 
vectors,  in  a  diagram  drawn  to  scale,  is 
such  as  to  represent  the  total  current 
due  to  the  single-phase  load.  Referring 
to  Fig.  (a),  the  vector  OE  represents 
the  additional  current  in  phase  /  due  to 
unity  power-factor,  single-phase  load 
on  phases  /  and  2.  Under  this  same 
condition  the  additional  current  in 
phase  2  is  represented  by  the  vector  OF. 
The  combination  of  OA  and  OE,  whii:h 
is  OG,  gives  the  resultant  current  in 
phase  /  and  similarly  the  combination 
of  OB  and  OF,  which  is  OH.  is  the  re- 
sultant current  in  phase  2.  In  this  case 
the  resultant  currents  in  the  two  phases 
are  equal.  Fig.  (b)  shows  the  effect 
of  a  single-load  of  less  than  unity- 
power  power-factor.  Under  this  con- 
dition the  resultant  currents,  OG  and 
OH,  are  not  equal.  O.G. 


1592 — Capacity  Effect  of  Carles — 
Please  give  me  some  data  on  the 
capacity  effect  of  cables,  or  a  formula 
to  calculate   this   for   standard  cables. 

R.    F.    C.     (PENNA.) 

The  capacitance  of  three-phase  cables 
can  be  calculated  by  means  of  the  fol- 
lowing formula, — 
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Where  G  and  d  are  microfarads  per 
mile;  K  specific  inductive  capacity  of^ 
the  dielectric ;  r,  d  and  R  are  given  in 
Fig.   (a). 


FIG.  iS92(a) 

The    capacitance    for    various    combina- 
tions of  circuit  are  as  follows : —     , 

Effective     capacitance     per     lead     for 
normal   three-phase   operation, — 
C.  =  C,  —  C2 ; 

Capacitance  between  /  and  2  (s 
grounded)   =   V2    (Ci  —  C:)  ; 

Capacitance  between  l  and  2,  3  ^ 
%    (G  —  C.)  ; 

Capacitance  between   l  and  s   {2  and 

.        ,   ^    ,,  (C.  -  G)    (C.  -f  2ce) 

3  msulated)   = 7^ — ■. — 7= 

Ci   -\-   C2 

Capacitance   between   i  and   s,  2,    (j 

•       ,  .  ^^            (G -G)    (C.-l-C,) 
insulated)    ^ j^ 

Ci 

Capacitance  between  I  and  s,  2,  $  ^= 

C>; 
Capacitance    between    s    and    /,    2    (3 

insulated)   =  p= 

Ci 

Capacitance  between  /,  s  and  2,3^^ 
•?(C,  +  G); 

Capacitance  between  s,  and  /,  -',  ?  ^ 
i(G  -f  2C.). 

s  represents  the  lead  sheath. 

The  above  formulae  are  from  "For- 
mulae and  Tables  for  the  Calculation 
of  Alternating  Current  Problems"  by 
Cohen.  J.F.P. 
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1593 — DllJECT-CUKKENT     MOTOR     TROUBLE 

— I  am  having  some  trouble  with  a 
five  horse-power,  220  volt,  four-pole, 
direct-current  shunt  motor.  The  com- 
mutator has  69  bars,  armature  35 
slots,  the  form-wound  coils  are  taped 
two  coils  together,  and  on  testing  the 
coils  I  did  not  find  any  short-circuits 
between  adjacent  coils,  although  there 
is  considerable  flashing  at  the  brushes. 
I  have  concluded  that  some  individual 
coils  must  be  short-circuited.  There 
are  about  seven  or  eight  turns  in  a 
coil,  but  I  have  no  means  of  testing 
an  individual  coil  for  short-circuits. 
Could  you  give  me  such  information? 
The  coils  are  all  disconnected  from 
the  commutator  and  some  of  them 
removed  from  the  armature.  The 
machine  is  wave  wound,  and  I  am 
connecting  coil  one  to  segments  / 
and  35  (pitch  34).  Is  this  correct? 
In  what  segments  should  this  coil 
connect  with  regard  to  the  slot  the 
coils  lies  in  (ex:  the  front  and  back 
leads  the  spacing  on  commutator 
ahead  and  back  of  the  slot).  The 
motor  is  sometimes  subjected  to  ex- 
cessive voltage  on  account  of  poor 
operation  of  the  governors  on  the 
engine  driving  the  generator  supply- 
ing power  for  the  motors.  This  is 
caused  by  other  motors  being  shut 
off.  We  have  had  experts  at  work 
on  the  governor  but  its  action  is  still 
poor.  Can  I  get  any  advice  that  will 
protect  this  motor  from  getting  too 
high  voltage.  J.  B.   (ont.) 

The  relatively  small  number  of  com- 
mutator bars  and  large  number  of 
turns  per  coil  is  probably  the  principal 
cause  of  trouble  in  this  machine.  This 
is  a  bad  combination  since  it  gives  a 
rather  large  voltage  between  commu- 
tator bars  which  is  apt  to  cause  spark- 
ing or  even  flashing,  especially  when 
the  line  voltage  is  varj'ing  and  is  some- 
times excessive.  The  commutation  may 
be  improved  by  undercutting  the  com- 
mutator mica.  Also  if  the  motor  has 
commutating  poles,  a  check  should  be 
made  to  see  if  the  brushes  are  on 
neutral.  This  may  be  done  by  running 
the  machine,  at  full  load  if  possible,  in 
both    directions    with    the    same    shunt 


FIG.    1593(a) 

field  current.  If  the  speed  is  the  same 
for  both  directions  of  rotation,  the 
brushes  have  the  proper  position.  If 
the  brushes  do  not  have  the  proper  posi- 
tion they  should  be  shifted  around  the 
commutator  until  that  setting  is  found 
which  will  give  the  same  speed  for  both 
directions  of  rotation  for  the  same  load 
and  field  current.  In  addition,  the 
brush  spacing  should  be  checked,  that 
is,  the  brushes  should  be  equally  spaced, 
measuring  around  the  commutator. 
With  the  instruments  that  are  ordin- 
arily available  there  is  no  accurate 
method  of  checking  the  individual  coils 
for  short-circuits.  By  reading  the 
voltage  drop  through  each  coil  for  a 
given     current,     a     short-ciruited     coil. 


that  is,  one  whose  drop  is  lower  than 
the  rest,  may  be  detected.  The  method 
of  connecting  the  coils  is  shown  in  Fig. 
(a)  for  a  set  of  coils  which  are  made 
to  span  nine  slots.  There  will  be  one 
dead  coil  and  the  winding  should  be 
started  with  the  pair  which  includes  the 
dead  coil  as  shown.  If  the  coils  are 
not  formed  to  fall  in  slots  I  and  10,  the 
distance  A  will  be  different  from  that 
shown  but  should  be  made  such  that  A 
and  B  will  be  approximately  equal. 
There  is  no  method  of  protecting  the 
motor  from  excessive  voltage  without 
interrupting  the  operation  during  the 
period   of   excessive   voltage.  B.w.o. 

1504 — Tr.\nsposition  of  Conductors — 
I  have  two  banks  of  transformers, 
each  bank  consisting  of  three,  2500 
k.v.a.,  single-phase,  44000  to  2200 
volts,  60  cycles  transformers  con- 
nected delta-delta.  The  two  banks 
operate  in  parallel  with  75  percent 
full  load;  the  cables  on  the  secondary 
side  of  the  transformers  connecting 
the  bus  marked  "X",  become  excess- 
ively hot.  The  size  of  each  cable  is 
750000  circ.  mils  i.  e.  total  capacity 
for  each  lead  connecting  bus  is 
2250000  circ.  mils  which  should  be 
of  ample  capacity  without  any  undue 
heating.  As  can  be  seen  by  Fig.  (a), 
each  cable  has  a  separate  four  inch 
fiber  duct  with  centers  six  inches 
apart  and  each  phase  18  inches  apart. 
It  is  my  opinion  that  increasing  the 
size  of  the  cables  will  not  eliminate 
this  trouble.  I  attribute  the  trouble 
to  induction  and  that  the  only  safe 
method  to  overcome  this  would  be 
some  form  of  transposition.  Such  a 
scheme  I  illustrate  in  Fig.  (b). 
Please  let  me  know  if  arranging 
cables  as  shown  in  Fig.  (b)  is  the 
most  practical  method  of  overcoming 
this  difficulty.  If  not,  illustrate  how 
the    trouble    can    be    overcome. 

R.H.N.L.   (br.col.) 

The  arrangement  of  the  cables  shown 
in  Fig.  (b)  should  give  a  better  current 
distribution  among  the  parallel  con- 
ductors    than     the     cable     arrangement 
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shown  in  Fig.  (a),  and  the  excessive 
heating  of  individual  cables  should  be 
considerably  reduced.  The  degree  to 
which  the  current  can  be  made  to  dis- 


tribute equally  among  the  parallel  con- 
ductors depends  on  the  extent  that  the 
transposition  and  interlacing  of  the 
conductors  makes  the  circuit  symmet- 
rical. In  general  the  most  practicable 
method  of  equalizing  the  current  among 
parallel  conductors  of  a  polyphase 
transmission  system  is  by  transposing 
and  interlacing  the  conductors  of  the 
different  phases.  In  order  to  illustrate 
the  method  of  calculating  the  inductance 
of  any  conductor  when  the  cables  are 
arranged  as  shown  in  Fig.  (b),  it  is 
assumed: — (a)  that  the  magnetic  effect 
due  to  the  end  connections  of  the  cables 
can  be  neglected;  (b)  that  the  system 
carries  a  balanced  load;  (c)  that  the 
currents  flowing  in  the  parallel  con- 
ductors of  each  phase  are  of  equal  value 
and  in  phase;  and,  (d)  that  the  current 
distributes  uniformly  in  each  conductor. 
If  the  currents  in  the  different  phases 
are  displaced  120  degrees  and  /  is  the 
maximum  value  in  each  conductor,  the 
inductance  of  any  conductor,  as  Oi, 
can  be  calculated  from  the  following 
relation:  The  self-inductance  of  con- 
ductor <Ji  — of  radius  r,  is 


\ 


/-„ 


r     -"'       1 

=  ^l\log\.—  —o./S  I  centimeters  (/) 

The  mutual  inductance  of  any  other 
conductor  on  at  is 

[21  /)  1 

M,i.  =  2I  \log.—  -  ^  +  V J 

centimeters (i") 

where  D  is  the  distance  between  the  re- 
spective conductors  and  Qi  and  /  is  the 
conductor  length,  as  shown  in  Fig.  (b). 
The  total  flux  interlinking  a,,  at  any 
instant  of  time,  t,  is 

F=/o~'  /\s  sin  u/  +  J\  sill   (w  T  +  /jo) 

+  si>i  (a./-l--V(')] (3) 

WhereJ5  =  /,„i  -f  A/m,  +  M^m) 

T  =  ^/.ici  -I-  i^/»icii  +  J^hws 

All  dimensions  in  Fig.  (b)  and  in  the 
equations  are  in  centimeters. 

The  instantaneous  voltage  induced  in 
conductor  Ci  due  to  the  pulsating  flux, 
F,  is 

dp  ,   , 

C  =  -'-^     (^) 

which  has  an  effective  value 


{2S-  R  -  TY  ^ 


3{R-  T) 


■T 


.(5) 


Therefore,  the  inductance  of  conductor 
Oi  is 


/.  =  /o-'X- 


^{ 


{2S-  R  -  ry  + 


r(A'-  T) 


f 


henrys (6) 


In  calculating  the  inductance  of  a 
conductor  under  actual  conditions  in 
which  the  current  does  not  distribute 
equally  among  the  parallel  conductors 
it  is  necessary  to  determine  the  actual 
value  and  phase  relation  of  the  current 
flowing  in  each  conductor.  This  can  be 
accomplished  by  a  cut  and  try  method 
of  approximation  or  by  the  solution  of 
a  system  of  simultaneous  equations  in- 
volving the  unknown  currents,  either  of 
which  is  too  extended  for  the  Question 
Box.  C.M.L. 
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1595 — Measuring  Power  From  Im- 
PROPEKLY  Connected  Transformers — 
A  power  customer  having  a  load  of 
600  kw  at  80  percent  power- factor 
was  originally  supplied  by  two  300 
k.v.a.  transformers  connected  in  open 
delta.  These  transformers  had  each 
an  impedance  of  2.43  percent  and  a 
resistance  of  0.57  percent.  A  third 
transformer  was  later  added  to  the 
bank  so  as  to  close  the  delta  connec- 
tion. This  transformer  was  of  300 
k.v.a.  capacity  but  had  an  impedance 


Load  600 

K.  V.  A. 

80  Percent 

Power-Factor 


To  Wathne*er 

FIG.  iS9S(a) 

of  4.0s  percent  and  a  resistance  of 
1.05  percent.  In  connecting  in  the 
third  transformer  an  error  was  made 
in  bringing  the  secondary  leads  to  the 
load  side  of  the  current  transformers 
which  supplied  the  watthour  meter, 
as  shown  in  Fig.  (a),  causing  an  in- 
correct amount  of  energy  to  be 
recorded.  It  is  my  object  to  deter- 
mine what  the  true  power  output  of 
this  transformer  bank  was. 

H.M.J,   (mass.) 

This  question  would  be  difficult  to 
answer  unless  it  can  be  assumed  that 
the  load  is  balanced  on  the  three  phases. 
On  the  assumption  of  a  balanced  load, 
suppose  first  that  the  instrument  trans- 
formers had  been  connected  with  the 
line  between  the  transformer  and  the 
load,   so   as   to   measure   the   current   in 


the    line.     In    this    case    the    wattmeter 
would  have  recorded, — 

P   =    /ai    £t.a    cos    61    +    he    £bc    COS    02 

Now  assume  /aA  =  / 

then      /bB  =  /  {—O.S-JO.S66) 
and       /cc  =  /  {-0.3+J0.S66)  ^ 
Also  if  the  power-factor  of  the  load  is 
80  percent,  the  voltages  from  neutral  to 
the  three  lines  are  respectively: — 
£■„„  =  E  (o.So  +J0.  60) 
£„b  =  E  {o.iigb  -JO.  gc)28) 
/?„c  =  E  (-o.g/g6  +jo.sg2S) 
The  power  measured  by  the  first  watt- 
meter element  is, — 

/'l  =  /.A  E\m  'VS  di   =    /,A(£"oa-  Eoh)  COS  dl 

=  /.A  E  {0.6S04  +j  /.592S)  COS  dl 
But  since,  in  this  case,  hi.  coincides 
with  the  reference  axis  the  real  com- 
ponent of  £ba  is  the  same  thing  as  £ba 
COS  6,, — 

Pi  =  /  E  X  0.6S04 

Where  /  is  the  current  in  the  line  and 
E  is  the  voltage  from  neutral  to  line. 
The  power  measured  by  the  second 
w-attmeter  element  is  obtained  by  rotat- 
ing both  current  and  voltage  vectors 
until  the  current  vector  coincides  w'ith 
the  axis  of  reference,  after  which  the 
procedure  is  the  same  as  above. 

P->=Icz  £'bc  COS  6-2  =  /  {—0.3  +  jo.  866) 
(Eoc-E„b)  COS  d>=/  (-  OS  +J0.  S66)  E 
{-1.0392  +J  1.3S56)  COS.  6-2 

To  rotate  these  vectors  to  the  desired 
position  each  one  must  be  divided  by 
{—o.s  -\-  jo.  S66)  [or  multipl-ed  by  (—0.5 
-  jo.  S66)].  This  gives  P2  =  I  E  [1.7196 
-f  jo.  2072)  cos  6-2,  or  P-2  =  /  E  X  ! .7196. 
P=  P,Jr  Pi  =  2.f  E.  /. 


This  result  is  the  same  as  taking  three 
circuits  with  current  /,  voltage  E  and 
power-factor  80  percent. 

P  =  3Xo.SXEI=  2.4  E  I. 

Now  let  the  third  transformer  be  con- 
nected between  the   scries  transformers 
and  the  load,  as  in  the  actual  case.     By 
the  method  described  in   the  article  on 
"Dissimilar   Transformers   in   Delta"   in 
the  Journal  for  Sept.  191 7,  p.  356,  it  is 
found    that    the    currents    in    the    three 
transformers  are  respectiveb*, 
'ai,  =  /  {—0.5SS  —  jo.23) 
'be  =  /  {—0.0SS  +J0.633) 
?<a  =  /  (+0.4/2  —jo.232) 

In  this  case  the  power  measured  by  the 
wattmeter  is 

/*  =  i\,n  £'ba  cos  6'  -j-  /in.  £"|„.  cos  0 


Since  lab  is  1  (o.sSS-  +  0.23-)  I.  or 
0.63  I  in  magnitude,  to  rotate  /b«  and  £"ba 
into  the  desired  position  they  must  be 
0.6? 


multiplied  by  ^^^^^^,^^.^^, 
/»,  =  /  {o.sSS  +  jo.23)  X 
{0.6S04+  j  1.592S)  X 


This  gives 
0.63 


0.3SS+ jo.23' 
o.6j 
^ cos  ( 


'  O.sSS  -jo.23 

=  0.63 1 E  (0.767  4-y  0.7S1)  X  -^  cos  e' 

=  0.767  I E . 

Similarly  P2  =  iw  E^c  cos  6"  =  i^c  (Eo^ 
-Eox,)cos  &^  =  o.63  I  E  (0.9684  +JO.S35) 

X  ^^^cos  e"  =  0.96S  r  Ea.u6.P=  Pi  + 
0.4 

p.  =  0.767  IE  +  0.96S  I  E=  1.73s  I  E. 
That  is,  the  power  actually  measured 

was ^  72.3  percent  of  the  power 

delivered.  J.B.G. 
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The    purpose    of    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies   throughout   the   country. 


The   co-operation    of    all    those    interested    in 
operating  and  maintaining  railway  equipment 
is  invited.     Address  R.  O.  D.  Editor. 


Precautions  to  be  Taken  with  Blower  Installations  on 

Motor  Cars 


In  mounting  blower  equipment,  a  number  of  considerations 
should  be  kept  in  mind.  The  part  of  the  equipment  which 
causes  the  most  confusion  is  the  blower  and  motor  unit  itself 
as  a  number  of  interferences  may  be  caused  by  the  brake 
rigging  and  construction  of  the  underframing  of  the  car  body. 

EFFECT  OF  CAR  STRUCTURE  ON  BLOWER  MOUNTING 

With  .some  types  of  cars  where  a  box  girder  is  used  for 
the  center  sills  it  is  possible  to  build  the  car  underframing  so 
that  the  box  girder  itself  can  be  used  for  the  main  air  duct. 
With  this  construction,  the  blower  casing  can  be  mounted 
underneath   the   car  with   the  intake   arranged   to   take   its   air 


FIG.    I — TYPICAL   BLOWER    LAYOUT    ON    MOTOR    CAR 

from  an  air  box,  with  louvers  placed  underneath  and  at  the 
side  of  the  car.  The  air  box  in  this  case  should  be  equipped 
with  baflks  to  prevent  dirt  from  entering  the  blower,  as  most 
of  the  dirt  which  is  taken  into  the  blower  eventually  gets  into 
the  motors. 

Where  the  center  box  girder  is  used,  the  question  of 
flexible  connections  to  the  motors  from  the  main  duct  may  be 
troublesome.  In  many  cases  the  distance  from  the  top  of  the 
main  motor  in  the  truck  to  the  car  underframing  is  so  small 
that  it  is  impossible  to  make  a  satisfactory  connection  between 
the  auxiliary  air  duct  and  the  opening  in  the  motor  housing. 
The  capacity  of  the  auxiliary  air  duct  must  also  be  sacrificed. 

While  these  conditions  are  not  satisfactory  from  the  stand- 
point of  flexible  connections,  they  are  somewhat  better  than 
the  arrangement  necessary  with  a  car  underframing  having  the 
center  sills  on  the  same  level  as  the  side  sills,  where  I-beams 
are  used  for  the  center  sills,  due  to  the  small  amount  of  room 
for  the  main  air  duct. 


FIG.      2 — COREECT  FIG.       3  — WRONG  FIG.      4  —   CONSTRUCTIOX     OF 

M   E  T   H   0  D    OF  C  O  N  S   T   R    U   C-  BLOWER     INTAKE     DUCT     AND 

TAPPING    MAIN  TION      OF      MAIN  LOUVERS 

DUCT  DUCT    TAPPING 

The  ideal  condition  of  blower  mounting  and  duct  arrange- 
ment, where  other  features  such  as  space  factor,  etc.,  do  not 
interfere,  is  to  have  the  blower  and  operating  motor  mounted 
inside  of  the  car  directly  over  the  main  air  duct  which  is  laid 
between  the  main  floor  and  a  false  flooring.  This  layout  is 
shown  in  Fig.  i.  This  case  is  probably  an  exception  because 
the  car  in  question  is  used  as  a  locomotive  where  the  inside 
mounting  of  the  blower  does  not  interfere  with  the  operation, 
as  would  be  the  case  in  a  passenger  car. 

BALANCING    AIR    VOLUME 

The  test  holes  shown  in  Fig.  I  for  measuring  the  air  pres- 
sure, while  not  essential,  are  of  considerable  help  in  balancing 


the  air  delivered  to  each  motor.  In  making  use  of  the  test 
holes  the  amount  of  air  can  be  varied  by  means  of  baffles 
placed  in  the  main  ducts.  Care  should  be  taken  when  using 
baflles  to  see  that  all  bends  are  made  on  a  radius,  as  sharp 
corners  tend  to  reduce  the  velocity  pressure  and  indirectly  the 
amount  of  air  delivered. 

SIZE   OF    DUCTS 

The  cross-section  of  the  main  ducts  should  be  such  that 
the  pressure  loss  is  not  increased  beyond  safe  limits  established 
by  the  required  pressure  at  the  motor.  This  can  be  understood 
from  the  following  example: — With  a  layout  to  deliver  800 
ft.  of  air  per  minute  to  each  of  four  motors  with  two  motors 
on  a  truck,  the  main  duct  which  has  a  cross-section  of  approxi- 
mately one  square  foot  running  to  each  truck  will  be  required 
to    carry    1600    feet    per    minute    with    a    given    pressure    and 


FIG.    5 — METHOD      OF      SCREENING 
BLOWER    INTAKE 


FIG.      6 — ARRANGEMENT 

FOR      MEASURING      THE 

PRESSURE    OF    THE    AIR 

TO    BLOWER    MOTORS 


a  certain  loss.  Reducing  the  area  to  one-half  square  foot,  the 
air  will  have  to  travel  at  twice  the  speed  to  deliver  the  same 
amount  of  air.  The  resistance  of  the  duct  will  be  approximately 
twice  as  great,  requiring  an  increase  in  pressure  to  force  the 
same  amount  of  air  through  the  duct.  As  the  speed,  and 
hence  the  pressure,  of  a  railway  blower  unit  is  usually  fixed, 
there  will  be  a  reduction  in  the  total  amount  of  air  delivered 
to  the  motors.  It  is  usually  a  good  plan  to  keep  the  area  of 
the  duct  the  same  as  the  openings  in  the  blower,  or  slightly 
larger  where  space  permits.  When  arranging  the  duct  opening 
for  connecting  the  canvas  bellows,  care  should  be  taken  to 
have  the  opening  of  the  duct  directly  over  the  motor  opening, 
with  the  truck  in  the  normal  position,  so  as  to  give  as  little 
restriction  to  the  passage  of  air  as  possible.  In  cases  .where 
the  distance  between  the  opening  in  the  duct  and  the  motor  is 
short,  a  canvas  tube  may  give  better  results  than  the  specially 
constructed  bellows. 

Ducts  can  be  made  of  any  easily  worked  material,  includ- 
ing wood,  provided  all  joints  are  made  air  tight. 

AIR    TAPS 

When  it  becomes  necessary  to  make  a  number  of  con- 
secutive taps  in  the  main  duct,  it  will  be  necessary  to  either 
reduce  the  size  of  the  main  duct  after  each  tap.  or  provide 
suitable  bafiles  to  deflect  the  air.  If  this  precaution  is  not 
taken  with  a  system  using  relatively  high  velocity  pressure*, 
the  taps  at  end  of  main  duct  will  take  more  than  their  share 
of  the  air.  When  making  a  tap  from  the  main  duct,  construct 
as  shown  in  Fig.  2  and  not  as  in  Fig.  3. 

To  decrease  the  noise  caused  by  the  intake  of  the  blower, 
the  duct  leading  to  the  intake  should  be  made  large  and  taper- 
ing as  shown  in  Fig.  4.  If  the  roadbed  is  very  dirty,  screens 
made  of  cloth  known  as  "scarfing"  can  be  used.  A  screen 
which  has  been  successfully  employed  is  shown  in  Fig.  S.  _  A 
simple  instrument  for  measuring  the  air  pressure  for  balancing 
the  amount  of  air  to  each  motor  is  shown  in  Fig.  6. 
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The  unparalleled  increase  in  the  de- 
The  Future        mand     for     electric     power     service 

Power  brought  about  by  the  war,  especially 

Station  jj^  those  parts  of  the  country  where 

manufacturing  operations  predominate,  furnishes  a 
strong  indication  of  the  probable  developments  in  the 
future  of  the  central  power  station.  A  large  proportion 
of  the  manufacturers  who  have  come  to  use  electric  ser- 
vice in  an  emergency  will  doubtless  remain  with  the 
central  station  interests  as  a  permanent  load.  Their 
demands  may  be  modified  but  the  advantages  and  flexi- 
bility of  central  station  service  will  be  impressed  upon 
them. 

The  desirability  of  interconnection  between  cen- 
tral power  houses  to  take  advantage  to  the  fullest  e.x- 
tent  of  diversity  factor  in  time  and  load  has  also  been 
clearly  shown.  In  certain  sections  of  the  country  plans 
are  already  under  way  looking  to  a  working  intercon- 
nection of  large  distributing  systems,  enabling  great 
volumes  of  power  to  be  distributed  over  large  areas  with 
a  maximum  economy  and  reliabilit)^ 

In  England  it  has  been  proposed  by  the  Govern- 
ment to  erect  a  limited  number  of  super-power  houses 
at  suitable  locations,  interconnected  with  a  system  of 
transmission  lines  covering  the  entire  country ;  the  high 
economy  of  the  modem  power  house  and  turbine  render 
such  a  system  economical  in  cost  and  in  operation  and 
therefore  desirable.  Within  the  next  few  years  we  will 
probably  see  such  centralization  of  power  generation 
with  widespread  interconnected  distributing  systems. 

The  requirements  of  water  for  condensation  for 
large  central  stations  definitely  allocate  such  power 
houses  along  our  rivers  and  inland  lakes,  a  fact  which 
in  itself  dictates  the  economy  of  comparatively  few  gen- 
erating stations  of  very  large  size.  Attendant  with  this 
development  will  come  an  increased  conservation  of 
fuel  through  boilers  and  stokers  of  higher  efficiency, 
possibly  the  use  of  powdered  fuel  and  certainly  eventu- 
ally the  gassification  of  the  fuel,  with  the  saving  of  the 
enormous  values  of  tar,  ammonia  and  toluol  that  are 
now  being  wasted. 

As  a  prime  mover  the  turbine  will  probably  hold  the 
field  for  some  years  but  the  greater  demands  of  the  pub- 
lic for  power,  together  with  the  need  for  economy  in 
both  fuel  and  labor,  may  possibly  result  in  the  produc- 
tion of  units  much  larger  than  any  which  have  now 
been  constructed.  Some  fifteen  years  ago  it  was  be- 
lieved that  the  limit  had  been  reached  with  turbines  of 
5000  kilowatts  capacity.  Development,  however,  did 
not  stop  and  today  units  have  been  built  and  are  being 
successfully  operated  of  30000,  35  000  and  40000  kilo- 


watts capacity,  with  incomparably  higher  economy  both 
as  regards  fuel  consumption  and  attendant  labor.  The 
5000  kilowatt  unit  of  fifteen  years  ago  would  be  an 
impossible  size  in  the  modern  power  house.  Units  of 
30  000  to  40  000  kilowatts  capacity  are  suitable  and  pos- 
sibly are  large  enough  for  the  type  of  super-power 
houses  which  can  be  foreseen  in  the  future.  While  we 
do  not  believe  that  units  of  this  size  have  been  brought 
lo  their  ultimate  state  of  perfection,  personal  experi- 
ence with  five  months'  operation  of  a  unit  of  the  maxi- 
mum size  has  convinced  the  writer  of  its  reliability  and 
general  trustworthiness  for  central  station  power  pro- 
duction. 

A  more  serious  matter  than  the  question  of  a  re- 
latively small  variation  in  the  capacity  of  the  turbine 
unit  adopted  or  in  a  variation  of  the  nominal  turbine 
economy  of  a  few  hundredths  of  a  pound,  lies  in  the 
production  of  steam  for  power  requirements.  Rela- 
tively little  attention  has  been  given  heretofore  to  the 
handling  of  the  coal  or  fuel  from  its  receipt  to  the  boiler 
room  and  of  the  refuse  to  the  ash  pile.  Boilers  have 
been  piped  up  and  put  in  service  in  every  conceivable 
way  and  under  every  conceivable  condition,  and  vari- 
ations in  full  pounds  in  steam  economy  exist  between 
central  stations  which  are  actually  using  the  same  size 
;!nd  type  of  turbine  under  substantially  the  same  operat- 
ing conditions,  which  variation  is  due  directly  to  the 
means  of  steam  generation  and  distribution  employed. 

Economy  in  the  super-power  station  is  to  be  arrived 
at  more  by  careful  consideration  of  the  boiler  house, 
the  completeness  of  combustion  in  the  fuel,  the  preven- 
tion of  heat  radiation,  stack  losses  and  leakage  losses, 
than  in  any  other  manner.  No  other  power  house  sub- 
ject presents  so  great  an  opportunity  to  operating  or 
consulting  engineers  for  the  improvement  of  economy 
in  operation  and  increase  of  operating  returns. 

C.  S.  Cook 


The  public  utilities,  in  the  main,  wel- 
War  Time         corned  the  advent  of  State  regulation. 
Problems  While  it  was  accompanied  by  the  in- 

of   the  troduction   of   certain   rules   and   re- 

Utilities  strictions  with  regard  to  the  applica- 

tion of  rates,  conditions  and  measure- 
ment of  service,  accounting  practice,  issuance  of  securi- 
ties and  other  matters,  the  same  regulation  in  most  cases 
provided  protection  to  the  utility  against  ruinous  com- 
petition. During  the  beginning  of  this  new  era,  the 
utilities  did  not  always  fare  so  well  at  the  hands  of  the 
Commission  exercising  jurisdiction.  In  some  instances, 
the  members  of  the  new  tribunals  were  unfamiliar  with 
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the  underlying  factors  of  the  public  utility  business 
which  they  had  been  called  upon  to  regulate.  Conse- 
quently they  proceeded  cautiously  and  in  their  ultra- 
conservative  action  wrought  real  injury  to  the  property 
and  consequently  its  owners,  all  of  which  was  later  on 
reflected  in  the  quality  of  the  service  rendered.  Im- 
provement in  the  situation,  however,  has  been  in  evi- 
dence during  the  past  year  or  two  and,  where  the  Com- 
missions have  had  the  benefit  of  an  experienced  staff  or 
lave  had  individually  the  opportunity  to  acquire  at  first 
nand  a  clear  conception  of  the  nature  of  the  service  and 
the  features  surrounding  its  development,  they  have 
meted  out  a  greater  measure  of  justice  to  the  utilities. 

Previous  to  the  war,  adjustment  of  rate  questions 
presented  a  very  different  problem  from  that  which  con- 
fronts us  today.  Organizations  could  readily  be  re- 
cruited to  investigate  the  conditions  and  costs;  wages 
and  material  prices  were  normal,  and  no  particular 
harmful  effect  resulted  if  some  time  was  consumed  in 
conducting  inquiries.  More  recently  matters  have  taken 
a  new  turn.  While  prices  began  to  rise  soon  after  the 
outbreak  of  the  European  war,  the  utilities,  by  the  ap- 
plication of  strict  economy  and  the  installation  of  more 
efficient  equipment,  combatted  the  situation  for  a  time, 
not,  however,  without  many  difficulties.  With  their 
stores  of  low-priced  materials  being  depleted  and  coal — 
their  chief  item  of  consumption — having  soared  exces- 
sively in  price,  their  ability  to  oft'set  the  rising  tendency 
in  operating  costs  had  been  exceeded.  Moreover  some 
of  the  most  competent  employees  of  the  utility  com- 
panies entered  the  service  of  the  government,  leaving 
them  without  satisfactory  substitutes  to  continue  the 
different  lines  of  investigation  into  efficient  practices 
and  methods. 

Increased  costs  became  so  alarming  during  the 
middle  of  191 7  that  rates  were  raised  qui'e  generally. 
But,  owing  to  the  technical  procedure  involved,  some 
companies  encountered  difficulty  in  getting  the  increase 
into  effect.  Protest  against  proposed  increases  places 
the  burden  of  proof  of  reasonableness  upon  the  utility 
company.  Heretofore,  a  valuation  was  viewed  as  the 
only  definite  test  of  the  propriety  of  a  system  of  rates. 
Few  utility  companies  had  records  that  would  reveal 
the  true  valuation  of  their  property  and  accordingly,  if 
the  test  was  to  be  applied  in  conformity  with  the  law, 
as  so  frequently  interpreted,  an  extensive  appraisal 
could  not  be  escaped.  It  is  well  recognized  at  present 
that  men  should  n't  be  diverted  from  essential  war 
work  to  engage  in  investigations  of  this  kind.  Our  war 
industr'-s  are  already  seriously  undermanned.  An  al- 
ternative .'ust  be  determined  upon  and  the  recent  policy, 
laid  down  ■  ■  the  New  Hampshire  Public  Service  Com- 
mission, in  e  .ect  to  proportion  requirements  upon  the 
basis  of  conditions  and  costs  existing  in  the  immediate 
pre-war  period,  blazes  the  trail.  This  solution  is  the 
most  logical  one  so  far  propounded  and  affords  a  simple 
hut  convincing  basis  upon  which  to  proceed. 

It  is  and  should  be  incumbent  upon  the  utility  to 
present  its  case  in  a  thorough  manner,  giving  fully  the 
elements  and  conditions  which  have  contributed  to  the 


disproportionate  increase  in  operating  expenses  as  com- 
pared with  any  changes  that  may  have  taken  place  with 
respect  to  earnings.  With  the  facts  clearly  set  forth, 
the  force  of  opposing  argument  should  be  practically 
dissipated  at  the  outset  and  thereby  the  commissions 
should  no  longer  have  cause  to  demur  in  sanctioning  the 
necessary  increases. 

Another  dilemma  has  made  its  appearance  as  a 
corollary  of  the  extraordinary  war  time  situation.  The 
government  has  virtually  commandeered  the  investment 
market  and  the  public  utilities,  as  a  consequence,  are 
without  new  money  to  provide  the  increased  facilities 
demanded  by  their  consumers,  many  of  whom  have  en- 
gaged in  the  manufacture  of  war  supplies.  Even  if  the 
money  was  obtainable,  the  high  interest  rates  and  the 
high  cost  of  materials  would  place  the  public  utilities 
at  a  most  serious  disadvantage,  as  any  recession  in  ac- 
tivity later  on  would  leave  them  with  a  large  surplus 
reserve  capacity  which  had  been  financed  for  the  tem- 
porary need.  Few  companies  could  financially  endure 
such  ■•!  condition  since  the  utilities  have,  by  economic 
laws  and  more  recent  regulatory  supervision,  been  ob- 
liged to  work  with  a  comparatively  narrow  margin  of 
profit.  Additional  power  facilities  must  be  made  avail- 
able promptly  if  tlie  war  program  is  to  be  speeded  up. 
The  central  station  is  the  only  medium  through  which 
ihis  additional  power  should  be  provided.  But  with  the 
permanency  of  the  requirements  of  such  uncertain  na- 
ture, the  providing  of  extensions  and  improvements 
under  present  circumstances,  in  line  with  previous  con- 
ditions under  which  money  was  supplied,  would  involve 
unsound  financing.  Hence  some  measure  must  be  in- 
augurated for  rendering  financial  aid  to  the  utilities 
either  as  a  direct  subsidy  or  else  in  the  acceptance  and 
carrying,  on  the  part  of  the  government,  of  long-time 
funded  obligations  of  the  utilities  under  favorable  in- 
terest rates. 

If  the  plan  were  approved  by  the  regulatory  bodies, 
and  it  were  feasible  from  a  business  standpoint,  new 
financing  would  be  simplified  by  arranging  that  the  new 
extensions  be  paid  for  out  of  earnings  within  the  period 
during  which  it  is  estimated  that  the  extra  demand  will 
prevail,  say  one  to  three  years'  time.  This  conforms  to 
tlie  practice  of  the  manufacturer,  who  adjusts  his 
prices  for  war  materials,  so  as  to  defray  the  cost  of  ad- 
ditional buildings  and  facilities  required  to  enable  the 
order  to  be  filled.  Unfortunately  the  hard  and  fast 
I'rinciples.  which  have  been  slowly  developed  under 
regulation,  practically  preclude  such  consideration  and 
the  question  resolves  itself  into  a  proposition  of  govern- 
ment assistance,  providing  long  term  financing  and  sub- 
sidy to  the  extent  of  the  super-costs  entailed. 

The  public  utilities  are  now  the  essential  nerve 
fibies  of  industry  and  it  is  therefore  of  national  impor- 
tance that  they  be  aided  at  this  time.  Since  their  facili- 
ties are  so  closely  interwoven  with  all  war  industries, 
aiding  the  utilities  becomes  a  defense  measure.  In  a 
degree,  like  furthering  the  munitions  supply,  it  is  one 
of  the  strands  of  that  immense  cable  by  means  of  which 
we  are  striving  to  keep  our  democratic  form  of  govern- 
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ment  safely  anchored.  The  pubHc  service  companies 
are  having  enough  difficulty  in  securing  their  operating 
supplies  and  maintaining  their  organizations  without  be- 
ing placed  under  great  financial  strain.  Relief  must 
come  and,  when  the  necessity  is  fully  realized  by  public 
authorities  in  control,  the  means  for  providing  the  new 
facilities  will  undoubtedly  be  supplied.  No  more  force- 
full  acknowledgement  of  the  present  status  of  the  utili- 
ties is  to  be  found  than  in  the  last  annual  report  of  the 
comptroller  of  the  currency.  It  would  appear  that  the 
recently  created  War  Finance  Corporation  provides  the 
necessary  organization  through  which  government  sup- 
port may  eventually  be  forthcoming,  and  as  soon  as  the 
legislative  branch  of  the  government  provides  the  re- 
quired legal  authorization  for  the  purpose,  the  present 
deficiencv  and  unsettled  state  of  affairs  will  doubtless  be 
removed.  Edwin  D.  Dreyfus 


There  are  few  subjects  before  our 
The  Epic  utility  companies  more  important  than 

*>'  the  question  of  large  generating  units ; 

Turbine  ^j-^^  their  operating  record  will  con- 

Development  tinue  to  be  of  increasing  interest.  In 
the  past  two  years  a  large  number  of  these  units  have 
been  contracted  for,  most  of  which  are  under  construc- 
tion. There  have,  moreover,  been  quite  a  number  of 
them  installed  of  the  different  types  and  the  history  of 
their  economic  value  is  now  in  the  making. 

First  and  foremost  will  be  the  question  of  their 
reliability,  for  with  the  large  investment  in  these  single 
units  and  with  the  larger  service  requirement  of  the  in- 
dividual machine,  it  seems  almost  axiomatic  that  their 
continuity  of  service  shall  be  substantially  assured.  If 
we  regard  the  20  000  kw  size  as  the  dividing  line  be- 
tween the  older  practice  and  the  new,  calling  the  sizes 
above  that  the  larger  machines  that  represent  the  later 
practice,  \ve  now  have  an  operating  record  of  some  three 
years  on  these  bigger  sizes  which  shows  them  to  be  en- 
tirely reliable,  probably  more  dependable  machines  from 
an  operating  standpoint  than  their  smaller  predeces- 
sors. Experience  has  shown  that  there  is  nothing  in 
the  question  of  size  per  se  that  should  interfere  with 
the  successful  use  of  machines  as  large  as  the  condi- 
tions may  warrant.  There  are  considerations  of  de- 
sign introduced  by  the  handling  of  these  large  volumes 
of  steam  that  do  require  most  careful  thought,  but  on 
which  we  can  keep  well  within  the  lines  of  well  estab- 
lished practice. 

The  question  of  reliability  being  settled,  the  effi- 
ciency of  these  large  machines  is  so  much  better  than 
that  of  the  largest  sizes  of  three  or  four  years  ago  that 
they  have  become  an  economic  necessity.  With  fuel 
expense  rising,  as  it  has,  to  70  percent  of  the  plant  op- 
erating cost,  we  can  hardly  ignore  an  improvement  in 
the  prime  mover  steam  consumption  of  ten  percent  or 
better,  even  if  there  still  remain  so  many  other  things 
that  we  can  do  with  the  balance  of  the  plant  to  improve 
the  station  efficiency. 

When  one  reviews  our  central  station  history  for 
the  past  two  decades  and  recalls  the  new  standards  that 


have  been  set  up  every  three  to  five  years,  tlie  plant  cost 
cut  in  half,  the  fuel  consumption  also  cut  in  half,  the 
largest  stations  increasing  meanwhile  six-fold  in  size, 
he  is  bound  to  feel  that  our  engineers  in  their  quiet  and 
unobtrusive  way  have  been  the  real  heroes  of  an  epic 
tale  that  would  well  stand  the  telling.  And  the  truth 
and  the  beauty  of  it  all  is  that  the  parts  they  have 
played  in  the  romance  of  these  great  achievements  have 
seemed  to  them  nothing  more  than  the  duty  seen  and 
performed,  the  knowledge  gained  and  applied,  the  ema- 
nations of  a  day's  work.  E.  H.  Sniffin 


,    ,         .  ,         Those  who  have  studied  the  electrical 
Industrial         1      .  ^     ^■ 

jj       .  heating    situation    are   unanimous    in 

their  conclusion  that  the  central  sta- 
tion industrial  heating  load  ultimately  will  exceed  the 
motor  load.  In  fact,  one  large  company  which  has 
made  an  exhaustive  survey  of  possible  power  users  in 
their  territory,  estimates  that  the  available  heating  load 
is  three  times  as  great  as  the  available  motor  load. 

It  has  been  only  a  few  years  since  electric  gener- 
ating stations  were  considered  as  lighting  plants,  be- 
cause the  motor  load  was  off  peak,  and  the  entire  plant's 
operation  centered  around  the  lighting  load.  Within  a 
short  period  a  complete  change  has  taken  place.  The 
motor  load  is  now  the  main  load  and  the  lighting  load 
is  the  off  peak  load. 

The  present  development  in  the  motor  load  is  due, 
not  alone  to  the  fact  that  electric  motive  power  is  pro- 
ductive of  greater  economy,  reliability  of  service,  in- 
creased production  and  ease  of  operation,  but  also  to 
the  fact  that  a  demand  for  the  use  of  electric  motors 
was  created  by  the  persistent  and  combined  efforts  of 
the  central  stations  and  electrical  manufacturers.  In- 
dustrial heating  is  making  extraordinarily  rapid  strides, 
considering  the  amount  of  eff'ort  that  has  been  put  into 
it.  If  we  electrical  men  will  devote  the  same  energy  to 
the  development  of  industrial  heating  as  was  done  in  the 
development  of  the  motor  load,  we  will  secure  in  less 
time  a  much  greater  load;  a  load  which  ultimately  will 
be  the  main  consideration  in  the  location  and  design  of 
power  plants,  and  which,  unlike  the  lighting  load  or 
present  motor  load,  will  not  have  enormous  peak 
periods,  with  plant  equipment  standing  idle  from  eight 
to  sixteen  hours  each  day. 

The  industrial  heating  load  will  not  necessarily 
come  on  top  of  the  motor  load.  At  present  many  power 
plants  are  struggling  during  the  day  to  carry  an  indus- 
trial load,  while  at  night  the  load  is  relatively  small. 
In  the  majority  of  cases  the  heating  operations  in  an 
industrial  plant  may  be  carried  on  entirely  independent 
of  all  other  operations.  Consequently,  there  is  the  pos- 
sibility of  having  this  load  regulated  so  as  to  come  on 
the  power  plant  only  at  stated  times  in  accordance  with 
a  predetermined  schedule,  filling  up  all  the  valleys  in  the 
power  curve. 

Numerous  cases  have  arisen  recently  where  a 
manufacturer,  who  was  anxious  to  electrify  and  had 
been  refused  power  by  the  central  station  on  account  of 
the  overloaded  condition  of  the  power  plant  during  the 
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day  time,  was  enlirely  willing  to  operate  at  night  only. 
It  usually  does  not  occur  to  the  power  user  that  the  cen- 
tral station  could  supply  the  necessary  power  during  the 
night,  or  that  he  could  perform  his  particular  heating 
operation  at  night  just  as  well  as  during  the  day,  and 
at  a  much  less  expense. 

In  the  development  of  the  motor  load  it  was  ne- 
cessary for  the  central  station  to  have  specially  trained 
men  who  could  talk  intelligently  to  the  prospective  cus- 
tomers about  their  particular  problems  and  help  in  their 
solution.  Just  as  this  was  true  of  motor  application 
work,  so  is  it  true  of  industrial  heating.  In  order  to 
develop  the  industrial  heating  load  a  considerable 
amount  of  missionary  work  must  be  done  and  the 
sooner  this  initial  stage  is  passed,  just  that  much  sooner 
will  the  central  stations  begin  to  reap  the  benefit  of  their 
efforts.  But  to  do  missionary  work  one  must  have  some 
definite  object,  and  there  must  be  apparatus  available 
for  the  applications  with  which  the  power  solicitor  will 
come  in  contact.  Several  of  the  larger  electrical  heat- 
ing companies  have  formed  industrial  heating  depart- 
ments for  the  development  of  industrial  heating,  and 
are  bending  their  efforts  to  the  development  and  manu- 
facture of  new  and  suitable  apparatus.  New  ideas  and 
applications  are  springing  up  so  rapidly  that  it  is  now  a 
matter  of  selecting  only  those  that  offer  the  widest  field. 
Frequentlv,  those  applications  that  appear  special  today 
may  be  general  to-morrow,  and  the  apparatus  developed 
for  some  specific  application  perhaps  may  be  used  in 
large  quantities  in  applications  altogether  different  from 
that  originally  intended. 

The  three  fundamental  properties  possessed  by  the 
electrical  method  of  heating,  making  this  method  of 
heating  far  superior  to  that  of  any  other  method,  are : — 

Application — The  electrical  heaters,  can  be  applied 
directly  to  the  object  to  be  heated,  at  exactly  the  proper 
temperature  and  in  sufficient  capacity  to  produce  the 
best  results. 

Control — By  means  of  suitable  control  equipment 
the  object  to  be  heated  can  be  maintained  at  any  desired 
temperature  continuously  and  automatically.  The  per- 
missible combinations  for  flexibility  and  refinement  of 
control  are  almost  unlimited. 

Efficiency — The  fact  that  the  electric  heaters  do 
not  require  air  for  the  proper  production  of  heat,  as  is 
the  case  with  oil  or  gas,  makes  it  permissible  for  the 
heaters  to  be  applied  directly  to  the  object  to  be  heated. 
By  means  of  suitable  insulating  material  properly  ap- 
plied so  that  practically  all  of  the  heat  generated  will 
be  conducted  to  the  material  or  object  to  be  heated,  a 
very  high  thermal  efficiency  is  obtained.  This  is  im- 
possible with  gas,  oil  or  coal  fuel,  since  only  a  very  small 
percentage  of  the  heat  is  utilized,  the  larger  percentage 
escaping  in  the  flue  gases.  This  difference  in  the  effi- 
ciency of  utilization  of  the  heat  is  the  reason  why  the 
electrical  method  can  compete  with  the  combustion 
method  on  a  straight  B.t.u.  basis,  even  when  the  cost 
for  a  given  quantity  of  heat  is  in  the  order  of  ten  to 
one  in  favor  of  the  combustion  fuel. 

The   application   of   heat   to   any   specific   purpose 


should  be  made  with  a  definite  object  in  view;  such  as 
obtaining  a  specific  result  in  the  working  of  fabrication 
of  a  certain  material,  or  reducing  the  cost  of  the  heat- 
ing operation.  Accomplishing  the  first  object  does  not 
necessarily  mean  that  the  second  will  or  should  follow, 
but  to  accomplish  the  second  necessarily  implies  that 
the  first  also  will  be  attained.  To  obtain  a  definite  op- 
erating result,  a  study  of  the  heating  operation  must  be 
made,  including  not  only  the  material  being  treated,  but 
the  apparatus  and  processses  involved.  The  object 
should  be  not  to  duplicate  the  results  which  are  already 
being  obtained  by  present  methods,  but  to  produce  a 
better  product. 

In  many  cases,  an  improved  product  is  secured  by 
means  of  electric  heating  at  a  less  cost  than  is  required 
to  produce  an  inferior  article  by  other  methods  of  heat- 
ing, on  the  basis  of  fuel  costs  alone.  However,  the  first 
consideration  should  be  a  successful  application,  with 
all  it  implies,  regardless  of  the  comparison  of  the  fuel 
and  power  bills.  If  the  object  is  to  obtain  greater 
economy  of  operation  by  the  use  of  electric  power,  the 
investigation  extends  to  the  present  cost  of  operation, 
the  cost  of  electric  power  when  substituted  for  the  ex- 
isting method  of  heating,  the  value  of  a  better  product  to 
the  manufacturer,  an  analysis  of  processes  of  manu- 
facture for  the  purpose  of  placing  the  heating  equipment 
at  the  point  best  suited  to  fit  in  with  the  natural  sequence 
of  operations,  and  to  the  working  out  of  a  system 
whereby  the  amount  of  labor  required  will  be  reduced  to 
a  minimum. 

In  many  cases,  the  improvement  in  the  product 
alone  is  sufficient  to  justify  the  use  of  electric  heat.  The 
rate  of  heating  can  be  regulated  exactly,  and  the  correct 
operating  temperature  can  be  obtained  and  maintained 
continuously  and  automatically  throughout  the  entire 
heating  operation.  The  difference  in  the  value  of  a 
product  which  is  inferior,  due  to  improper  heating,  as 
compared  to  a  high  grade  product,  resulting  from 
proper  heat  treatment,  will  often  make  the  cost  of 
power  entirely  negligible. 

The  use  of  electric  heat  permits  of  experiments  be- 
ing made  to  determine  the  best  method  for  applying  the 
heat,  the  proper  rate  of  heating,  and  the  maximum  tem- 
perature permissible  for  obtaining  the  best  possible  re- 
sults. And  once  these  factors  have  been  determined, 
the  desired  conditions  may  be  reproduced  day  after  day 
without  variation. 

After  the  war  is  over  many  industrial  plants 
throughout  the  country  will  probably  find  themselves 
over-motored  for  their  requirements.  If  this  falling  off' 
does  not  occur,  certainly  there  will  be  a  period  in  which 
no  marked  increase  in  loads  will  be  produced  by  the  ad- 
dition of  motors.  During  this  period  the  central  sta- 
tions will  need  the  industrial  heating  load.  While  most 
central  stations  are  not  soliciting  new  business  now, 
they  could  with  advantage  take  on  considerable  off  peak 
industrial  heat  load.  Moreover  to  take  full  advantage 
of  the  opportunity  which  electric  heat  will  undoubtedly 
afford  in  the  future,  the  commercial  departments  should 
be  familiarizing  themselves  with  what  has  already  been 
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accomplished  in  industrial  heatuig  and  with  modern  m- 
,  dustrial  heating  devices  and  their  relation  to  the  general 
processes  of  manufacture;  and  should  make  prelimin- 
ary estimates  of  the  amount  and  distribution  of  the  pro- 
spective heating  business  in  their  territory;  in  fact 
should  prepare  fully  to  reap  the  ripening  harvest. 

\\iRT  S.  Scott 


From  the  standpoint  of  coal  conserva- 
Hitch  Your  ^.Jqj^  (j^g  type  of  generating  unit  de- 
Wagon  scribed  by  Mr.  J.  F.  Johnson  in  this 
to  a  Star  jjgyg  jg  Qf  great  value.  These  big 
units  have  a  steam  consumption,  with  the  usual  modern 
steam  conditions,  of  less  than  eleven  pounds  per  kilo- 
watt-hour over  practically  the  entire  load  range — a  re- 
duction in  the  last  three  years  of  about  two  pounds. 
This  saving,  with  attendant  economies  in  the  boiler 
room,  has  reduced  the  fuel  consumption  from  two 
pounds,  which  was  a  most  creditable  performance  three 
or  four  years  ago,  to  a  possible  1.5  pounds  with  the 
best  modern  units. 

It  is  interesting  to  speculate  on  what  this  reduction 
means  to  a  large  generating  system.  The  least  efficient 
unit  is  naturally  the  first  one  to  be  shut  down  as  the 
load  goes  off.  This  means  that  the  best  units  will  op- 
erate almost  continuously  and  will  generate  much  more 
than  their  share  of  the  output— probably  a  large  propor- 
tion of  the  total.  Assume  for  example  that  a  central 
station,  which  has  an  annual  output  of  one  billion  kilo- 
watt-hours, could  generate  all  of  its  power  in  units  as 
economical  as  that  described  by  Mr.  Johnson — a  condi- 
tion which  is  rapidly  approaching  realization  in  several 
cities.  At  1.5  pounds  per  kilowatt-hour  this  would  re- 
quire 750  000  tons  of  coal  per  year,  a  saving  of  250  000 
tons  per  year  over  the  best  possible  figure  of  the  very 
recent  past. 

This  however  is  only  one  central  station  and  is  a 
comparison  between  units  of  maximum  efficiency.  A 
conservative  estimate  would  give  not  over  three  pounds 
of  coal  per  kilowatt-hour  as  an  average  for  the  central 
stations  of  the  United  States.  Recent  estimates  give 
from  thirteen  to  sixteen  billion  kilowatt-hours  as  the 
output  from  the  steam  operated  central  stations  of  the 
United  States  during  1917.  Taking  an  average  figure, 
at  three  pounds  per  kilowatt-hour  this  would  require 
twenty-two  million  tons  of  coal.  At  least  half  of  this 
coal  could  be  saved  for  other  purposes  if  all  the  central 
station  power  were  generated  by  units  like  that  de- 
scribed in  this  issue. 

But  not  all  the  electric  power  in  the  United  States 
is  generated  in  central  stations.  There  are  still  a  large 
number  of  private  generating  plants.  Some  of  these 
are  relatively  large  and  efficient,  fully  the  equal  of  some 
of  the  smaller  central  stations — but  most  of  them  are 
not.     In  many  of  the  smaller  plants,  the  industrial  or 


heating  requirements  for  exhaust  steam  warrant  the 
use  of  relatively  inefficient  units — but  again  with  most 
of  them  this  is  not  the  case.  Conservative  estimates 
indicate  that  at  least  fourteen  billion  kilowatt-hours  are 
generated  annually  in  industrial  plants,  (not  including 
hotels,  office  buildings,  etc.)  where  the  use  of  exhaust 
steam  is  not  required,  under  conditions  such  that  an 
estimated  fuel  consumption  of  4.5  pounds  per  kilowatt- 
hour  is  conservative.  This  requires  over  thirty  million 
tons  of  coal  per  year.  Of  this,  one  third  could  be 
saved  if  the  power  were  generated  in  the  average  cen- 
tral station  assumed  above;  and  two-thirds  or  twenty 
million  tons  per  year  could  be  saved  by  generating  it  all 
in  the  most  modern  stations.  Adding  to  this  latter  figure 
eleven  million  tons  which  would  be  saved  by  bringing  all 
the  central  stations  up  to  date  gives  an  annual  saving  of 
thirty  one  million  tons  of  coal  (about  4.5  percent  of  the 
total  fuel  consumption  of  the  United  States)  which 
could  be  produced  by  generating  all  the  electric  power 
in  the  best  modern  central  stations. 

Such  a  saving  is  of  course  not  all,  nor  even  any 
large  part  of  it,  practicable  in  the  near  future.  But  it 
is  at  least  an  attractive  star  to  hitch  one's  wagon  to. 

Chas.  R.  Riker 


Our 

New 


Domestic  electrical  heating  appliances 
have  been  discussed  at  length  in  the 


technical  press,  and  most  central  sta- 
Department       ^j^^^^  j^^^.^  conducted  educational  and 

advertising  campaigns  to  further  their  use.  However, 
in  spite  of  the  rapidly  increasing  importance  of  the  sub- 
ject, relatively  little  attention  has  been  paid  to  industrial 
heating  applications ;  and  such  articles  as  have  appeared 
have  dealt  principally  with  oven  and  furnace  work  in 
which  the  energy  consumption  is  large.  There  are  many 
other  processes,  in  which  electric  heaters  have  impor- 
tant advantages  where  the  power  required  for  the  in- 
dividual applications  is  not  large;  but  the  aggregate  en- 
erg)'  consumption  of  all  such  applications  is  surprisingly 
large,  and  on  this  account,  and  because  of  the  advan- 
tages that  can  only  be  obtained  by  the  use  of  electricity, 
thev  merit  more  attention. 

In  order  to  give  our  subscribers  the  benefit  of  the 
engineering  ingenuity  which  is  being  displayed  in  such 
installations,  the  publication  of  a  section  devoted  to  this 
subject  is  begun  in  this  issue.  In  most  cases,  the  in- 
stallations described  will  be  suited  to  a  wide  range  of 
industrial  uses.  Where  such  an  installation  cannot  be 
used  without  change  in  a  dift'erent  industry,  it  may 
never-the-less  suggest  an  application  of  a  somewhat 
modified  form.  And  the  month-by-month  descriptions 
of  existing  successful  applications  should  open  up  to 
central  station  service,  new  fields  where  industrial  pro- 
cesses mav  be  simplified  by  industrial  heating  applica- 
tions. 


Samuel  Insull 

President, 

Commonwealth  Edison   Co.,   Chicago 

THE  FOLLOWING  ARTICLE  consists  of  extracts  selected,  by  permission  of  Mr.  Insull,   from  his 
address  delivered  recently  before  the  Electrical  Development  League  of   San   Francisco.     (Ed.) 


IF  DAYLIGHT  SAVING  is  made  effective  through- 
out the  3'ear,  the  day  power  load  and  the  evening 
lighting  load  will  not  overlap  to  as  great  an  extent 
as  at  present ;  thus  avoiding  the  sharp  peak  in  the  load 
and  thereb}'  releasing  plant  capacity  for  other  purposes. 
This  plan  also  affords  further  saving  in  coal,  as  other- 
wise it  is  necessary  to  fire  up  additional  boilers  to  cover 
this  overlapping  peak  for  a  short  time  in  the  winter 
months. 

So  far  as  the  electric  industry  of  the  nation  is  con- 
cerned, the  situation  is  simply  this  :  The  seasonal  change 
accorded  by  the  present  daylight  saving  law  will  result 
in  the  saving  of  coal  to  the  electric  companies  and  in  a 
saving  to  their  customers  in  electricity  consumed;  but 
the  electric  companies  will  lose  a  large  amount  of  reve- 
nue, which  the  saving  of  coal  will  not  offset.  On  the 
other  hand,  if  the  change  of  time  be  made  effective 
throughout  the  year,  consumers  of  electricity  will  enjoy 
V.  further  saving  in  electricity  consumed,  and  the  elec- 
tric companies  will  be  distinctly  benefited  because  their 
day  power  load  and  their  evening  lighting  load  in  the 
winter  months  will  not  overlap  as  they  do  now,  which 
will  release  part  of  the  equipment  now  necessary. 

There  is  another  important  benefit  that  can  be 
gained  by  a  change  in  time  throughout  the  year,  which 
is  lost  entirely  if  the  change  is  made  for  the  summer 
months  only.  In  many  districts,  especially  where  the 
manufacture  of  munitions  is  extensive,  the  electric  com- 
panies have  been  finding  their  capacity  in  the  winter 
months  inadequate  to  supply  the  demands  upon  them 
during  the  period  of  the  day  when  their  power  and  light 
loads  coincide  and,  consequently,  have  been  forced  to 
cut  off  power  customers,  even  to  the  detriinent  of  the 
munitions  business.  This  situation  would  be  greatly 
relieved  if  the  clock  could  be  moved  forward  one  hour 


during  the  winter  months  also,  and  the  Nation,  in  its 
present  crisis,  would  be  distinctly  benefited. 

The  seven  months  daylight  saving  schedule  means 
a  saving  of  about  300000  tons  of  coal.  The  chances 
are  that  the  all-the-year-around  daylight  saving  schedule 
would  not  save  inuch  more  coal,  probably  not  more  than 
100  000  to  125  000  tons  more. 

The  annual  loss  in  gross  income  to  the  electric 
companies  under  the  present  law  is  upwards  of  nine 
and  a  half  million  dollars  and  the  saving  in  fuel,  being 
the  only  saving,  is  about  $900  000.  The  net  loss  to  the 
companies  is  somewhere  around  eight  and  a  half  million 
dollars.  Now,  if  the  change  in  time  were  made  con- 
tinuous all  the  year  around,  upwards  of  400  000  kilo- 
watts of  capacity  would  be  released,  and  somewhere 
around  150  to  200  millions  of  dollars  of  capital  now  em- 
ployed would  be,  so  to  speak,  released  because,  on  the 
whole,  the  400000  kilowatts  released  by  the  change  in 
the  winter  peak  could  be  sold  for  supplying  energy  to 
absolutely  necessary  industries.  The  saving  in  the  fixed 
charge,  if  a  very  large  amount  of  additional  business 
could  be  taken  on  without  increased  capital  investment, 
would  be  from  eight  to  ten  million  dollars. 

Such  a  scheme  put  into  effect  would  distinctly  con- 
serve between  150  and  200  millions  of  dollars  and  would 
immediately  place  at  the  disposal  of  the  Government 
400  000  kilowatts  of  capacity  which  cannot  be  found  at 
this  time  in  any  other  way. 

From  these  figures  it  is  evident  that  probably  no 
greater  effort  at  conservation  of  resources,  without  in 
any  way  penalizing  anybody,  could  be  made  than  by  the 
adoption  of  a  yearly  change  in  our  daylight  schedule  in- 
stead of  a  seasonal  change.  Such  an  effort  of  itself 
would  help  to  maintain  the  credit  of  this  great  business 
which  has  today  probably  three  billions  of  dollars  in- 
vested in  it. 


HekrKyn  of  TfOTsfonraer  f)v^';n  to  l^onA  'C^nctor 


THE  electric  transforiner  probably  approaches 
closer  to  perfection  as  a  converter  of  energy  than 
any  other  device  in  cominon  use  and  it  is  no 
doubt  because  of  our  everj'-day  familiarity  with  it  that 
we  seldom  stop  long  enough  to  appreciate  fully  its  bet- 
ter than  98  percent  efficiency  and  its  reliability  under 
unknown  and  frequently  very  adverse  conditions.  It  is 
fortunate  that  the  principles  of  transformer  design  are 


S.  D.  Sprong 

Electrical  Engineer, 

Edison  Electric  Illuminating  Company  of  Brooklyn 

SO  accoinmodating  as  to  permit  of  such  an  adjustment 
of  losses  as  to  conform  more  or  less  to  given  economic 
conditions  and  without  materially  sacrificing  its 
engineering  qualities. 

A  great  deal  of  time  has  been  devoted  to  every  de- 
tail of  transformer  design  and  materials  and  a  consid- 
erable amount  of  study  to  the  application  of  the  trans- 
former to  particular  problems  and  systems.     However, 
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a  large  percentage  of  the  total  transformers  in  use  are 
of  relatively  small  capacity  and  are  used  on  what  may 
be  termed  "miscellaneous  commercial  service."  While 
the  requirements  for  such  service  cannot  be  stated  in 
exact  terms,  there  are,  however,  broad  generalities  that 
can  be  drawn  from  an  analysis  of  systems  that  are  rep- 
resentative of  the  variety  of  business  connected,  the 
extent  of  territory  and  total  amount  of  load  of  this 
character. 

Of  course,  an  approach  to  the  solution  of  the 
problem  of  the  best  economic  relation  of  transformer 
characteristics  as  distinguished  from  the  purely  engin- 
eering features,  must  be  by  way  of  first  defining  in 
definite  terms  the  requirements  of  a  general  system  of 
lighting  and  miscellaneous  power  distribution. 

Taking  as  an  example,  one  of  the  systems  with 
which  the  writer  is  generally  familiar,  it  appears  that 
the  load  factor  of  the  distributing  transformers,  which 
range  in  sizes  from  one  to  50  kw,  was  on  a  given  date 
about  ten  percent.  General  conditions  in  the  territory 
suggested  that  not  only  should  the  new  business  be  taken 
on  by  employing  larger  transformer  units  with  extended 
secondary  mains  but  that  many  limited  areas  could  be 
consolidated  by  developing  a  more  or  less  general  sec- 
ondary main  system  and  in  some  cases,  an  inter-con- 
nected network  of  secondary  mains. 

Careful  consideration  of  districts  of  this  character 
will  show  many  distinct  advantages  for  investment  made 
in  secondary  mains  over  the  equivalent  in  smaller  and 
more  numerous  transformers.  On  an  average  cost  of 
energ}'  and  transformer  investment,  the  transformer  re- 
quires from  six  to  eight  percent  of  its  investment  in 
yearly  energy  loss;  this  in  addition  to  the  usual  invest- 
ment, depreciation  and  repair  accounts.  On  the  other 
hand,  an  extension  of  secondary  mains  to  what,  at  the 
time,  might  appear  unjustified  distances,  has  the  ad- 
vantage first  in  securing  greater  diversity  factor  and 
thereby  increasing  the  load  factor  on  the  transformers ; 
second,  reducing  energy  loss  per  kw-hr.  sold,  and  third 
the  investment  in  secondary  mains  is  largely  in  copper 
and  a  relatively  small  percentage  in  insulation,  with  the 
result  that  there  are  very  small  carrying  charges  as  far 
as  depreciation,  obsoletion  or  repairs  are  concerned,  in 
addition  to  the  interest  on  the  original  investment. 

Careful  study  of  the  map  of  a  territory  with  loca- 
tion and  size  of  transformers  indicated  thereon,  will 
show  many  sections  where,  in  the  light  of  the  above 
considerations,  a  number  of  secondary  extensions  should 
be  made,  with  resulting  additional  advantages  such  as 
a  wider  choice  in  the  location  of  the  transformer,  us- 
ually permitting  its  removal  from  the  more  congested 
section  of  pole  line  and  minimizing  the  number  of  points 
for  inspection  in  case  of  trouble.  Other  advantages  of 
such  changes  are,  in  addition  to  the  elimination  of  a 


large  number  of  small  and  more  or  less  obsolete  trans- 
formers, the  adoption  of  a  standard  size  of  say  50  kw, 
and  at  some  later  time  the  tying  together  in  a  general 
network  of  the  more  or  less  isolated  sections  supplied 
by  single  large  unit  transformers  as  the  business  in  the 
intervening  area  develops. 

The  most  important  result  of  carrying  forward  such 
a  policy  over  a  five  year  period  is  shown  by  comparison 
of  the  results  obtained  during  the  interval. 

The  load  factor,  as  stated,  at  the  beginning  of  the 
period  was  about  10  percent  and  at  the  end  of  five  years 
had  increased  to  14  percent,  or  a  40  percent  improve- 
ment. Along  with  this  improvement  in  load  factor,  there 
was  a  reduction  in  investment  in  street  distribution 
equipment  per  kilowatt  demand  of  about  32  percent,  due 
largely,  but  probably  not  entirely,  to  the  increase  in  the 
average  load  factor  on  the  transformers,  and  the  lower 
cost  per  kilowatt  in  transformers  and  fittings  when 
combined  in  larger  units.  This  is  the  net  result  after 
taking  into  account  the  additional  cost  to  cover  the 
secondary  extensions. 

The  above  comparisons  may  perhaps  suggest  to  de- 
signers as  well  as  the  users  of  transformers  in  territories 
of  the  character  described  that  the  distributing  trans- 
former is  theoretically  not  best  proportioned  to  the 
economical  requirements  of  the  problem.  This  refers, 
of  course,  to  the  ratio  of  iron  and  copper  losses  which, 
on  an  assumption  of  15  to  20  percent  load  factor  (and  it 
is  improbable  that  it  will  go  much  higher  in  the  majority 
of  cases),  should  have  a  ratio  of  about  six  to  one  for 
copper  and  iron  loss  respectively.  Such  a  ratio  indi- 
cates somewhat  poorer  regulation  and  higher  copper 
temperatures  at  full  load. 

Regarding  the  question  of  regulation,  this  is  more 
easily  taken  care  of  where  transformers  are  used  in 
networks  and,  with  present  methods  of  automatic  com- 
pensation and  regulation,  should  introduce  no  serious 
difficulty. 

The  copper  temperatures  have  been  largely  limited 
by  cellulose  insulation,  and  insulating  oil,  but  with  the 
newer  forms  of  insulation  now  available,  which  safely 
withstand  higher  temperatures  without  im]i;nrment  of 
dielectric  value,  it  may  be  desirable  to  considti  a  rever- 
sion to  the  old  air-cooled  form,  if  it  is  impossible  to 
find  any  fluid  insulator  that  will  remain  stable  under 
the  higher  temperatures. 

A  transformer  designed  to  meet  the  conditions  de- 
scribed would  reduce  present  transformer  losses  by 
about  25  percent.  While  this  is  theoretical,  it  indicates 
the  possibilities  of  the  future  and  it  is  to  be  hoped  that, 
with  the  present-day  knowledge  of  materials,  it  will  be 
possible  to  modify  transformers  so  as  to  parallel  more 
nearly  the  economic  requirements  in  this  particular  class 
of  service. 
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J.  F.  Johnson 
Turbine  Engineering  Dcpt., 
Westinghouse  Electric  &  Mfg.  Co. 


THE  TANDEM  COMPOUND  turbine-generator 
unit  recently  installed  in  the  Northwest  Station 
of  the  Commonwealth  Edison  Company  of 
Chicago  is  the  largest  single  shaft,  single  generator  unit 
built  by  the  Westinghouse  Company.  The  whole  in- 
stallation, including  the  surface  condensing  equipment, 
contains  new  and  interesting  features  of  design.  This 
unit  has  been  in  regular  operation  since  October,  nor- 
mally carrying  loads  of  from  20  000  to  30  000  kw,  with 
peaks  as  high  as  37  000  kw.     It  comprises  a  tandem- 


"Why  was  it  not  similar  to  previous  units  of  slightly 
smaller  capacity  ?" 

In  turbines  of  smaller  size,  the  general  design  is 
arranged  to  best  meet  general  conditions,  and  without 
regard  to  any  particular  installation  or  purchaser.  The 
larger  machines,  however,  are  more  or  less  built  to 
order.  The  design  is  determined  upon  as  the  result  of 
negotiation,  and  is  arranged  to  meet  the  industrial 
needs  and  personal  preferences  of  the  purchaser.  Con- 
siderable variation  in  designs  of  large  units  is  therefore 


I 


FIG.    1—35300   K.   V.    A.,  THREE-PHASE,   6o   CYCLE,    I2  0OO  VOLT,    12  00   R.    P.    M.   TANDEM-COMPOUND   TURBINE   GENERATOR 

Installed  in  the  Northwest  Station  of  the  Commonwealth  Edison  Company,  Chicago. 


compound  turbine  consisting  of  separate  high-pressure 
and  low-pressure  elements  on  a  continuous  shaft,  de- 
signed for  220  lbs.  gage  steam  pressure,  with  200  de- 
gress F.  superheat  at  throttle,  and  an  absolute  pressure 
of  one  inch  mercury  at  the  exhaust;  driving  a  35300 
k.v.a.,  three-phase,  60  cycle,  12000  volt  generator,  with 
a  160  kw,  direct-connected  exciter,  at  1200  r.p.m.,  and 
is  served  by  a  56  000  sq.  ft.  surface  condenser  built  in 
two  shells  of  28000  sq.  ft.  each,  and  capable  of  main- 
taining 29  inches  vacuum  at  30000  kw  load  with  58 
degrees  I',  circulating  water. 

Among  the  first  questions  suggested  concerning  this 
unit  are,  "Why  was  the  turbine  made  tandem  com- 
pound?"    "Why  were  new  features  of  design  used?" 


to  be  expected,  not  only  because  of  the  diversity  of 
actual  requirements  or  industrial  conditions  of  the 
various  power  generating  stations,  but  also  because  of 
the  newness  of  the  industry.  Nearly  every  large  power 
station  today  is,  to  a  greater  or  less  extent,  a  pioneer 
institution  in  which  many  new  problems  have  to  be 
dealt  with,  and  many  new  and  improved  designs  and  ar- 
rangements of  apparatus,  usually  involving  larger  ca- 
pacities, have  to  be  developed  and  perfected. 

The  present  unit  was  designed  for  the  maximum 
reliability  and  efficiency  that  is  possible  with  the  turbine 
driving  a  single  generator  capable  of  delivering 
30000  kw  continuously  at  85  percent  power-factor,  to 
have   highest   efficiency   at   loads   between   20000   and 
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30  000  k\v,  and  to  be  able  to  carry  35  000  kw  for  short 
periods.  The  speed  of  1200  r.p.m.  was  chosen  because 
it  permitted  employing  ample  blade  lengths  and  areas 
to  expand  the  steam  efficiently  to  29  inches  without  ex- 
ceeding blade  speeds  and  stresses  previously  used,  and 
known  to  be  safe  and  conservative.  It  also  permitted 
employing  standard  design  and  materials  in  the  genera- 
tor without  compromise. 

The  turbine  is  of  new  design  but  of  standard  reac- 
tion type  construction.    No  impulse  element  is  employed 
because,  for  the  given  conditions,  its  efficiency  would  be 
materially  poorer  than  that  of  the  shortest  reaction  blad- 
ing, and  there  would  be  no  other  advantages  sufficient 
to  justify  its  use.     Two  separate  turbine  elements  are 
employed  to  carry  out  the  steam  expansion  in  order  that 
blade  lengths  and  diameters  conducive  to  the  highest  ef- 
ficiency may  be  used  and  still  permit  the  physical  dimen- 
sions of  the  turbine  structure  and  the  distance  between 
bearings  to  be  suitably  proportioned  to  obtain  the  maxi- 
mum degree  of  ruggedness  and  reliabil- 
ity.    Another  important  feature  of  this 
construction  is  the  reduction  of  temper- 
ature difference  existing  between  the  in- 
let and  exhaust  portions  of  each  turbine 
element. 

When  operating  at  its  point  of  high- 
est efSciency,  which  is  at  25  000  to 
26000  kw,  the  steam  enters  the  high 
pressure  element  at  approximately  225 
lbs.  absolute  and  a  temperature  of  594 
degrees  F.  and  leaves  it  at  a  pressure  of 
approximately  30  lbs.  absolute  and  a 
temperature  of  258  degrees  F.  It  leaves 
the  low  pressure  element  at  a  pressure 
of  one  inch  Hg.  absolute  and  tempera- 
ture of  79  degrees  F.  The  maximum 
temperature  difiference  in  the  high  pres- 
sure cylinder  is  therefore  336  degrees 
and  in  the  low  pressure  cylinder  179  de- 
grees. iVt  loads  greater  than  25  000  kw, 
this  temperature  difiference  decreases  in 
the  high  pressure  element  and  increases 
in  the  low. 

Since  in  the  reaction-type  turbine 
all  the  blades,  both  rotating  and  station- 
ary, are  virtually  nozzles  in  which  steam 
expansion  takes  place,  126  pressure 
stages  are  employed  in  expanding  the 
steam  from  throttle  pressure  to  con- 
denser pressure.  The  area  of  the  steam 
passage  through  each  row  is  propor- 
tioned to  give  the  desired  pressure  drop 
and  steam  velocity.  The  proportions 
of  total  power  developed  in  the  high  and  low  pres- 
sure elements  are  approximately  42  and  58  percent  re- 
spectively. 

High  design  factors,  liberal  steam  passages,  and  the 
best  known  mechanical  construction,  have  been  used. 
The  blade  sections  are  materially  wider  and  heavier  than 
are  usually  employed  by  builders  of  reaction  turbines. 


on 


,-< 


o    c 
o    ^ 


194 


THE  ELECTRIC  JOURNAL 


Increased  rigidity  and  durability  are  thereby  secured. 
All  blades  are  profiled  or  reduced  in  thickness  at  their 
free  ends  so  that,  in  case  of  contact  between  stationary 
and  rotating  elements  due  to  failure  of  bearings,  or  im- 
proper adjusment,  no  serious  damage  to  either  blading 
or  blade  carrying  elements  will  result.  The  most  proli- 
fic cause  of  blade  failure  in  steam  turbines  of  all  types 
is  blade  vibration  caused  by  the  flow  of  steam.  This  has 
been  reduced  to  safe  limits  by  lashing  the  blades  to- 
gether, a  sufficient  number  of  lashings  being  employed 
so  that  the  length  of  free  blade  section  in  no  case  ex- 
ceeds six  inches.     In  the  i8  inch  low-pressure  blades, 


the  adjacent  low  pressure  bearing,  the  two  rotor  shafts 
being  connected  by  means  of  a  solid  flanged  coupling, 
the  flanges  of  which  are  integral  with  the  shafts.  Be- 
tween the  low  pressure  turbine  and  generator,  a  stand- 
ard flexible  pin  type  coupling  is  used.  This  is  believed 
to  be  the  most  perfect  type  of  flexible  coupling  known 
for  the  purpose  and  has  important  advantages  over  the 
solid  claw  type,  which  it  replaced.  Sufficient  elasticity 
is  provided  in  the  pins  to  distribute  and  absorb  the 
shocks  produced  by  heavy  short-circuits  without  danger 
of  injury  to  the  coupling;  and  both  contact  surface.s, 
that  is  the  pins  and  bushings,  are  renewable  in  case  of 


FIG.    3 — TURBINE    ASSEMBLED    ON    TEST    FLOOR 


three  lashings  are  used.  The  blade  speeds  and  conse- 
quently blade  stresses  employed  are  low,  the  maximum 
mean  speed  being  513  feet  per  second,  the  minimum  210 
feet  per  second. 

MAIN  BEARINGS  AND  COUPLINGS 

The  rotating  elements  of  the  turbine  and  genera- 
tor are  carried  on  five  main  bearings,  three  being  on  the 
turbine  and  two  on  the  generator.  In  addition  to  these 
a  double  Kingsbury  thrust  bearing  is  mounted  on  the 
free  end  of  the  high  pressure  rotor  just  outside  the  main 
bearing  to  maintain  the  correct  longitudinal  alignment 
and  also  to  carry  the  unbalanced  portion  of  the  end 
thrust.  Of  the  three  main  turbine  bearings,  two  are  on 
the  low  pressure  element  and  one  on  the  high  pressure. 
The  exhaust  end  of  the  high  pressure  rotor  is  carried  on 


excessive  wear  due  to  prolonged  operation  with  im- 
proper alignment  or  poor  balance  of  one  of  the  rotating 
elements. 

At  first  glance  it  might  appear  that  the  three-bear- 
ing construction  for  two  turbine  elements  would  render 
the  adjustment  of  clearances  and  alignment  difficult  and 
complicated.  This,  however,  has  been  given  considera- 
tion in  the  design  and  means  provided  whereby  the  op- 
eration becomes  quite  simple.  To  carry  the  exhaust 
end  of  the  high  pressure  spindle,  when  the  coupling  be- 
tween the  two  elements  is  disconnected,  a  short  align- 
ment bearing  is  provided  to  be  substituted  for  the  lower 
half  of  the  oil  baff^le  ring,  between  the  coupling  and  the 
gland.  This  bearing  is  provided  with  liners  similar  to 
those  used  on  the  main  bearings  for  adjusting  its  posi- 
tion.    With  the  coupling  disconnected  and  this  align- 
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ment  bearing  in  place,  regular  clearances  can  be  taken 
on  the  high  pressure  and  low  pressure  elements  sepa- 
rately, and  each  rotor  set  in  the  correct  position  with  re- 
lation to  its  stator.  This  having  been  done  the  whole 
high  pressure  element  may  be  raised  or  lowered,  or 
moved  sidewise  at  either  end  until  the  two  coupling 
flanges  match  up  perfectly.  Liners  are  provided  un- 
derneath the  cylinder  support  at  each  end  to  facilitate 
this  adjustment,  which,  when  once  made,  will  seldom, 
if  ever,  require  changing. 

The  exhaust  end  of  the  high-pressure  cylinder  is 
supported  on  the  low-pressure  cylinder  as  close  as  pos- 
sible to  the  low  pressure  bearing  support.  This  is  done 
so  that  any  slight  change  in  the  position  of  the  high- 
pressure  rotor,  due  to  a  temperature  change  in  the  low- 
pressure  bearing  support,  will  produce  a  corresponding 
change  in  the  position  of  the  high-pressure  cylinder. 
The  position  of  the  rotor  with  reference  to  its  cylinder 
must  therefore  remain  constant  under  all  conditions. 
Longitudinal  expansion  of  the  turbine  cylinders  is  pro- 


FIG.   4 — LOW-PRESSURE   ROTOR   BEINt;    LOW  EkEli    INKi    LOWER    HALF    OF   STATOR 

vided  for  by  rigidly  attaching  the  low  pressure  cylinder 
to  the  bedplate  at  its  generator  end  only,  and  leaving 
the  other  end  free  to  slide  on  the  cylinder  supports 
while  the  pedestal  under  the  governor  end  of  the  high- 
pressure  cylinder  is  free  to  slide  (longitudinally  only) 
on  the  bedplate.  The  amount  of  movement  at  the  high 
pressure  pedestal  in  changing  from  cold  to  normal  op- 
eratmg  temperature  is  approximately  5-16  inch. 

MAIN    BEARINGS 

The  mam  bearings  are  heavy  cast-iron  shells,  split 
horizontally  and  lined  with  babbit.  Each  bearing  is 
fitted  with  four  large  spherically  machined  pads,  (one 
each  at  top  and  bottom  and  either  side),  which  fit  a 
spherical  supporting  ring  in  the  housing.  The  bearing, 
therefore,  has  perfect  freedom  to  align  itself  to  the 
journal  and  the  pressure  is  equally  distributed.  Under- 
neath each  of  the  four  spherical  pads,  a  number  of  sheet 
steel   liners  of  various  exact   thickness   are   placed   to 


provide  an  easy,  quick  and  accurate  means  of  changing 
the  alignment  of  the  rotating  element.  For  example,  if 
it  is  desired  to  change  the  alignment  of  a  bearing  o.oio 
inch  either  vertically  or  horizontally,  a  o.oio  inch  liner 
is  removed  from  underneath  one  pad  and  placed  under- 
neath the  one  opposite. 

The  journal  speeds  and  bearing  pressures  employed 
are  sufficiently  low  so  that  water  cooling  in  the  bearings 
is  not  required.  The  maximum  speed  is  95  feet  per 
second,  and  the  pressure  per  square  inch  of  projected 
area  105  lbs.  The  temperature  of  the  oil  leaving  the 
bearings  normally  varies  between  130  and  150  degrees 
F.  The  oil  is  admitted  to  the  bearing  through  an  open- 
ing in  the  top  supplying  a  large  oil  groove  running  the 
entire  length  of  the  bearing.  Although  an  oil  pressure 
of  approximately  five  lbs.  is  normally  carried  on  the 
bearings,  only  sufficient  pressure  is  required  to  keep  the 
oil  groove  in  the  top  of  the  bearing  filled.  There  is 
therefore  no  danger  of  bearing  failure  from  decreasing 
oil  pressure  until  the  oil  actually  ceases  to  flow  to  the 
bearing. 


GLANDS 

Combination  labyrinth  and  water 
glands    are    provided    on    both    high 
pressure  and  low  pressure  elements  to 
prevent  leakage  of  steam  or  air  where 
the  rotor  shafts  pass  through  the  cyl- 
inder   casings.     These    constitute    an 
ideal  sealing  arrangement  in  that  they 
are  absolutely  tight  against  air  leak- 
age   into   the   turbine   and   steam   or 
vapor  leakage  into  the  room.     They 
require   no   adjustments   for  varying 
load  conditions  and  do  not  depend  on 
the  operation  of  any  automatic   de- 
vices.    There  is  no  mechanical  con- 
tact between  stationary  and  rotating 
parts  and  therefore  no  wear.     They 
are  extremely   simple   in   design,   re- 
quire no  special  attention,  and  are  as 
durable  as  any  other  part  of  the  machine.     The  steam 
labyrinths  on  the  low-pressure  element  are  used  only 
for  starting  up.     By  admitting  high-pressure  steam  into 
the  chamber  between  the  two  sections  of  labyrinth  in 
sufficient  quantity  to  keep  the  pressure  in  this  chamber 
several  pounds  above  atmospheric,  a  vacuum  may  be 
established  in  the  condenser  before  starting  the  turbine. 
As   soon  as  sufficient  speed  is  attained  to  enable  the 
water  glands  to  seal,  which  is  somewhere  between  >^ 
and  %  normal  speed,  the  gland  water  is  turned  on  and 
the  steam  to  the  labyrinths  shut  off.     The  labyrinths 
on  the  high  pressure  element,  when  starting  up,  are  op- 
erated in  the  same  manner  as  are  those  on  the  low  pres- 
sure and  perform  the  same  function.     They,  however, 
perform  the  additional  function  of  reducing  the  steam 
pressure  at  the  water  glands  when  the  machine  is  in  nor- 
mal  operation.     In   construction  they  differ   from  the 
low  pressure  only  in  that  they  are  separated  into  three 
sections  instead  of  two,  thus  providing  two  enclosed 
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annular  chambers.  The  chambers  nearest  the  water 
glands  are  piped  up  to  the  same  high-pressure  steam 
supply  as  are  those  on  the  low-pressure,  and  steam  is 
admitted  to  them  when  starting  up  only.  The  other 
chambers  are  connected  by  piping  to  an  intermediate 
stage  of  the  low-pressure  turbine  where  the  pressure 
does    not    materially    exceed    atmospheric.     When    the 


FIG.    5 — HIGH-PRESSURE  ROTOR 

turbine  is  in  normal  operation,  then,  and  the  pressure 
inside  the  cylinder  at  both  ends  increases  with  the  load 
to  a  maximum  of  approximately  30  lbs.,  the  steam  leak- 
age past  the  inside  section  of  the  labyrinth  is  led  to  the 
low  pressure  element  and  thus  the  pressure  on  the  water 
gland  is  kept  within  the  limits  against  which  it  has  been 
designed  to  seal. 

OILING  SYSTEM 

A  complete  oil  circulation  and  cooling  system  of 
1000  gallons  normal  operating  capacity  is  provided  as  a 
part  of  the  turbine  unit.  Pure  mineral  oil  of  approxi- 
mately 150  seconds  Saybolt  viscosity  at  100  degrees  F. 
is  used.  The  oil  is  circulated  at  150  gallons  per  min. 
and  is  supplied  to  the  bearings  under  a  pressure  of  five 
lbs.  A  portion  of  it,  however,  is  used  under  a  pressure 
of  from  50  to  60  lbs  to  operate  the  governor-controlled 
inlet  valves.  Besides  the  necessary  piping,  valves,  etc., 
the  oiling  system  includes : — 

I — A  double  pressure  reciprocating  oil  pump  driven 
from  the  high  pressure  turbine  rotor. 

2^A  duplex  direct  acting  steam  driven  auxiliary 
pump  for  starting. 

3 — A  surface  type  cooler. 

4 — A  reservoir. 

5 — A  strainer  box. 

OIL  PUMP 

A  reciprocating  plunger  pump  is  used  because  it  is 
better  adapted  for  pumping  against  high  pressure  and 
ready  accessibility  of  the  important  parts  may  be  had 
for  inspection  or  repair  without  complete  dismantling. 
The  plungers  are  of  two  different  diameters,  the  smaller 
one  supplies  oil  to  the  valve  operating  mechanism  at  50 
to  60  lbs.,  and  the  larger  one  discharges  direct  to  the 
bearings  through  the  oil  cooler  at  approximately  five 
lbs. 

OIL  COOLER 

All  of  the  oil  cooling  is  done  in  an  oil  cooler*  con- 
taining 600  sq.  ft.  of  cooling  surface,  which  in  design  is 
somewhat   similar   to   an   ordinary   surface   condenser. 


The  cooling  water  passes  through  the  tubes,  making  a 
sufficient  number  of  passes  to  raise  the  temperature  of 
the  water  very  close  to  that  of  the  outgoing  oil,  thus  re- 
quiring a  minimum  quantity  of  water.  The  oil  passes 
around  the  tubes,  suitable  baffles  being  provided  to  se- 
cure even  circulation  which  is  necessary  for  effective 
cooling. 

Possibly  the  most  important  feature  of  this  cooler 
is  its  accessibility  for  cleaning.  By  simply  unbolting 
and  removing  the  cooler  box  cover  and  disconnecting 
two  small  unions  on  the  water  connections,  the  entire 
nest  of  tubes  may  be  lifted  out,  the  tube  plate  covers  re- 
moved, and  the  tubes  thoroughly  cleaned  both  inside  and 
out.  The  tubes  being  straight,  mud  or  scale  can  be 
thoroughly  and  quickly  removed.  Coolers  or  cooling 
coils  which  have  curved  or  irregular  water  passages 
are  not  susceptible  of  thorough  cleaning,  hence  their 
original  effectiveness  cannot  be  maintained  unless  abso- 
lutely pure  water  is  used  for  cooling. 

OIL  RESERVOIR 

The  oil  reservoir  is  a  rectangular  box  attached  to 
the  side  of  the  bedplate.  It  has  sufficient  capacity  to 
take  care  of  reasonable  variations  in  the  quantity  of  oil 
in  the  system,  and  to  aflford  an  eifective  settling  chamber 
for  the  separation  and  removal  of  impurities.  It  re- 
ceives the  oil  from  the  strainer  box  at  one  end  and  de- 


*See  article  on  "Steam  Turbine  Progress"  hy  Mr.  Francis 
Hodgkinson  in  the  JoURX.\L  for  April  '18,  p.   131,  Fig.  36. 


FIG.   6 — SECTION'    THROUGH    GOVERNOR-CONTROLLED    INLET    V.\LVES    OP 
HIGH-PRESSURE  TURBINE 

livers  it  to  the  oil  pump  at  the  other.  The  oil  velocity 
through  it  being  veiy  slow,  any  foreign  matter  or  impur- 
ities heavier  than  oil  will  settle  to  the  bottom,  and  be  pre- 
vented from  getting  into  the  pump  suction.  A  suitable 
automatic  overflow  drawing  from  the  bottom  of  the  res- 
ervoir is  provided  for  connection  to  a  gravity  or  partial 
filtration  system.     For  every  gallon  of  clean  oil  admit- 
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ted  into  the  system,  a  gallon  of  dirty  oil  will  be  dis- 
charged from  the  bottoiTvof  the  reservoir.  The  turbine 
oiling  system  therefore,  while  it  may  be  continually  re- 
ceiving'clean  oil  from  and  delivering  dirty  oil  to  a 
gravity  or  partial  filtration  system,  is  entirely  independ- 
ent of  the  operation  of  that  system. 

OIL   STR.MNER 

The  oil  strainer  is  a  rectangular  cast-iron  box, 
mounted  on  the  side  of  the  bedplate  adjacent  to  the  oil 
reservoir,  containing  three  flat  screens  which  extend 
entirely  across  it.  It  is  open  at  the  top  but  con- 
tains a  loose  cover.  The  strainers  are  several  inches 
higher  than  the  normal  level  of  the  oil  and  are  open  at 
the  top  so  that  if  they  are  not  kept  clean  the  oil  level 
will  rise  until  it  overflows  them.  The  condition  of  the 
screens  may  be  determined  at  any  time  by  removing  the 
strainer  box  cover  and  observing  the  difference  of  oil 
level  on  opposite  sides  of  them.  When  dirty,  they  may 
be  lifted  out  by  hand  and  cleaned  with  compressed  air 
or  water.  The  operation  of  the  oiling  .system  is  as 
follows: — From  the  reservoir  the  oil  flows  to  the  main 
oil  pump  bv  gravity  ;  the  oil  level  in  the  reservoir  al- 
ways being  higher  than  the  center  line  of  the  pump. 
The  discharge  from  the  low  pressure  side  of  the  pump 
goes  to  the  oil  cooler  and  from  there  directly  to  the  bear- 
ings. The  discharge  from  the  high  pressure  side  goes 
to  the  valve  operating  mechanism  on  the  steam  chest 
through  a  surge  tank  located  as  close  as  possible  to  the 
steam  chest.  The  surge  tank  provides  a  quantity  of  oil 
under  air  pressure  sufficient  to  take  care  of  an\-  sudden 
heavy  demand  from  the  valve  mechanism,  and  maintains 
the  discharge  head  on  the  pump  practically  constant  dur- 
ing the  varying  demands.  The  oil  discharged  from  the 
valve  mechanism  unites  with  the  oil  discharged  from  the 
low  pressure  side  of  the  pump  before  it  enters  the 
coolers.  All  of  the  oil  from  both  sides  of  the  pump  is 
therefore  used  for  lubrication  of  vhe  bearings.  A  spring 
loaded  pressure  relief  valve  b)-passes  the  valve  operating 
mechanism  to  afiford  a  passage  for  the  surplus  high  pres- 
sure oil  not  required  for  operating  the  valves. 

HIGH-PKESSURF.  TMRBINE 

The  high  pressure  turbine  is  of  the  single-flow  type 
because  the  steam  volumes  are  relatively  small.  It  con- 
tains forty-five  rows  of  rotating  blades  and  an  equal 
number  of  stationary  rows.  The  length  of  the  shortest 
blades  is  four  inches,  and  the  width  one  inch,  conse- 
quently the  losses  in  them  are  very  small  and  the  net 
efficiency  materially  higher  than  would  be  obtainable 
with  a  two-velocity-stage  impulse  element.  High  pres- 
sure steam  is  admitted  to  the  turbine  cylinder  by  the 
primary  governor-controlled  inlet  valve,  and  at  all  loads 
up  to  25  000  kw  enters  the  first  row  of  blading,  and 
passes  successively  through  all  the  rows  to  the  exhaust. 
At  loads  between  25  000  and  30  000  kw  a  secondary 
valve  opens,  bypassing  the  first  section  of  blading  and 
admitting  high  pressure  steam  direct  to  the  twelfth 
stationary  row.  At  loads  beween  30  000  and  35  000 
kw,  a  tertiary  valve  also  opens,  bypassing  the  first  two 


sections  of  blading,  admitting  high  pressure  steam  direct 
to  the  nineteenth  stationary  row.  At  the  extreme 
front  end  of  the  spindle  body  are  two  balancing  pistons 
provided  with  labyrinth  packing  to  partially  balance  the 
end  thrust,  caused  by  the  dififerences  of  pressure  on 
opposite  sides  of  the  rows  of  rotating  blades.  The 
pressure  between  the  balance  pistons  is  maintained  equal 
to  that  between  the  two  rotor  diameters  and  the  pres- 
sure against  the  governor  end  of  the  rotor  is  maintained 
equal  to  that  against  the  exhaust  end  by  means  of  suit- 
able equalizer  connections. 

The  Rotor  is  made  in  three  parts  from  special  high 
grade  steel  castings.  The  two  ends  are  attached  to  the 
body  or  drum  by  means  of  long  spigoted  press  fits  rein- 
forced at  the  exhaust  end  with  specially  constructed  fill- 
ister head  tap  bolts,  and  at  the  governor  end  with  shrink 
links. 


FK;.    7 — 20    INCH    COMHIX.\TION    THROTTLE    VALVE 

The  Stater  is  made  of  cast  steel.  It  is  divided  up 
into  a  number  of  assembled  parts  so  that  castings  as 
plain  and  simple  as  possible  may  be  used,  insuring  the 
best  possible  quality  of  material,  and  so  that  the  greatest 
freedom  from  shrinkage  and  other  distortional  stresses 
may  be  secured.  The  joints  between  the  assembled 
parts  are  accurately  surfaced  and  bolted  up  metal  to 
metal,  no  gasket  material  or  its  equivalent  being  used. 
Keys  or  spigoted  fits  are  employed  to  insure  accurate 
and  positive  doweling.  The  horizontal  joint  between 
the  upper  and  lower  halves  of  the  cylinder  is  also  ac- 
curately surfaced  and  bolted  up,  metal  to  metal,  the  bolt- 
ing everywhere  being  heavy  and  closely  spaced  to  insure 
against  distortion  and  leakage. 

BARRING-OVER    DEVICE 

A  barring  over  device,  engaging  ratchet  teeth  ma- 
chined in  the  circumference  of  the  coupling  flange,  is 
provided  to  facilitate  turning  the  rotor  for  inspection  or 
for  disconnecting  the  couplings.  On  the  free  end  of 
the  rotor  shaft  there  is  keved  a  steel  worm  which  drives 
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a  gun  metal  wheel,  mounted  on  the  governor  spindle,  at 
309  r.p.m.  The  oil  pump  is  driven  from  the  governor 
spindle  by  means  of  a  spur  gear  and  pinion  at  169  r.p.m. 
The  worm  is  held  on  the  spindle  by  means  of  a  special 
nut  which  contains  the  overspeed  governor.  This 
governor  is  adjusted  to  come  into  operation  at  approxi- 
mately 1320  r.p.m.,  closing  independently  both  the  main 
throttle  valve  and  the  primary  inlet  valve. 

GOVERNING  MECHANISM 

The  governing  mechanism  has  been  designed  and 
built  with  the  conviction  that  it  is  the  most  important 
feature  of  the  unit.  It  is  extremely  sensitive,  positive, 
and  quick  to  adjust  itself  to  small  or  large  changes  in 
load.  The  arrangement  of  the  three  governor  con- 
trolled inlet  valves  and  their  control  mechanism,  is  new, 
but  the  method  of  operation  and  control  is  identical  to 
that  employed  on  all  large  turbines  built  by  the  West- 
inghouse  Company.  In  the  design  of  any  turbine  of  any 
type,  prolonged  satisfactory  operation  is  not  to  be  ex- 
pected unless  the  arrangement  of  inlet  valves  and  steam 
piping  be  such  that  changing  temperature  conditions 
will  not  impose  heavy  stresses  on  the  turbine.  Conse- 
quently in  this  design  the  secondary  and  tertiary  valves 
have  been  separated  from  the  primary  and  mounted  on 
top  of  the  cylinder  where  the  pipe  connections  can  be 


KIG.    8 — SECTION   THROUGH   ONE   SIDE  OF   HIGH-PRESSURE  GLAND 

made  shortest  and  where  variations  in  stresses,  due  to 
changing  conditions,  will  be  a  minimum. 

The  primary  valve,  steam  strainer,  and  throttle 
valve,  which  must  of  necessity  be  located  in  the  main 
steam  connection  exterior  to  the  turbine,  are  mounted 
on  coil  spring  supports  attached  to  the  bedplate,  the  de- 
sign being  such  that  the  springs  carry  the  weight  of 
the  valves  and  still  permit  them  to  move  in  any  direction 
with  the  turbine  cylinder.  The  valves  are  all  of  the 
double-seated  balanced  type  with  renewable  monel  seats 
and  rings.  The  valves  proper  and  bodies  are  made  of 
cast  steel.  The  three  valves  are  operated  in  series  by 
means  of  a  high  pressure  oil  relay  mechanism,  the  sec- 
ondary valve  being  adjusted  to  begin  opening  when  the 
primary  inlet  pressure  reaches  its  maximum,  and  the 
tertiary  to  begin  opening  when  the  secondary  inlet  pres- 
sure reaches  its  maximum. 

The  governor  is  of  the  fiy-ball  type.  It  is  inten- 
tionally made  very  large  and  powerful  so  that  it  can 
handle  the  oil  relay  control  valve  under  all  conditions 
with  ease  and  accuracy.  Theoretically,  with  almost 
any  reasonably  designed  governing  mechanism  there 
will  be  a  definite  change  in  load  for  any  change  in  speed, 
however  slight.  Practically,  however,  governor  link- 
ages are  never  frictionless,  nor  absolutely  free  from  lost 


motion,  and  multiport  relay  control  valves  will  never 
have  their  ports  absolutely  accurate;  consequently  there 
will  have  to  be  sufficient  change  in  speed  to  overcome 
these  imperfections  before  there  will  be  a  movement  of 
the  valves.  Furthermore,  the  oil  in  a  long  pipe  has 
considerable  inertia  even  when  under  high  pressure 
and  does  not  instantly  respond  to  the  opening  of  the 
control  valve.  In  this  governing  mechanism,  the  link- 
age adjacent  to  the  governor  is  given  a  small,  positive, 
oscillating  motion,  sufficient  to  overcome  any  lost  mo- 
tion in  the  linkage  and  error  in  the  accuracy  of  the  relay 
control  valve,  and  still  cause  a  very  slight  oscillation  of 
the  main  inlet  valves ;  consequently  the  slightest  change 
in  speed  will  be  responded  to  by  the  valves.  The  slug- 
gishness caused  by  the  inertia  of  the  oil  is  overcome  by 
installing  a  high-pressure  bypass  relief  valve  as  close 
to  the  oil  operating  cylinder  as  possible,  and  employing 
a  positive  oil  pump  so  that  the  oil  in  the  supply  and 
discharge  lines  is  flowing  continuously  except   in  the 


FIG.   9 — SECTION    THROUGH    OIL    PUMP 

short   connections   between   the   bypass   valve   and   the 
operating  cylinder. 

LOW  PRESSURE  TURBINE 

The  low  pressure  turbine  is  of  the  single-double- 
flow  type,  because  the  change  in  steam  volume  taking 
place  within  it  is  very  large.  The  volume  of  the  enter- 
ing steam  at  average  load  is  13  cubic  feet  per  pound, 
and  at  exhaust  is  585  cubic  feet  per  pound.  Steam  from 
the  high  pressure  element  enters  through  the  overhead 
connection  and  passes  through  ten  stationary  and  ten 
rotating  rows  of  single  flow  blading.  It  then  divides, 
half  going  straight  on  through  the  eight  stationary  and 
eight  rotating  low  pressure  rows  to  one  exhaust,  and 
the  other  half  passing  around  the  intermediate  section 
between  the  inner  and  outer  cylinder,  and  through  a 
similar  low  pressure  section  to  the  other  exhaust.  A 
labyrinth  packing  is  interposed  between  the  inlet  cham- 
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ber  and  the  low  pressure  section  opposite  to  the  inter- 
mediate section  to  prevent  entering  steam  from  passmg 
directly  to  the  low  pressure  stage.  The  length  of  the 
shortest  blade  is  nominally  six  inches  and  the  longest  18 
inches. 

The  Rotor  is  made  entirely  of  steel  and  is  designed 
to  secure  maximum  rigidity  with  minimum  weight.  It 
is  built  up  of  a  hollow  drum  carrying  the  single-flow  sec- 
tion blading  and  labyrinth  packing  rigidly  attached  to 
two  shaft  ends.  Upon  each  of  these  shaft  ends  are 
mounted  two  discs  carrying  the  double  flow  section  of 
blading. 

The  Stator  is  made  entirely  of  cast  iron,  the  tem- 
perature and  mechanical  stresses  being  sufficiently  low 
that  steel  is  not  required.  It  is  made  up  of  a  central 
section  and  two  end  sections  keyed  and  bolted  together. 
Each  of  these  sections  is  split  horizontally,  the  top  half 
of  all  three  being  normally  handled  as  one  piece.  The 
intermediate  stage  blading  is  carried  on  one  inner  cyl- 
inder which  is  separated  from  the  outer  cylinder  suffi- 
ciently to  provide  space  for  passage  of  the  steam  to 
one  of  the  double-flow   sections.     On  account   of   the 


turbine- structure  constant  under  all  conditions,  but  is 
open  to  the  objection  that  the  condensers  might  at  some 
time  be  accidently  prohibited  from  moving  freely  with 
the  turbine,  which  might  result  in  more  or  less  serious 
damage.  Each  shell  contains  6486  one-inch  tubes,  16.5 
feet  long,  and  in  addition  a  primary  heater  containing 
750  sq.  ft.  of  heating  surface  located  in  the  top  of  the 
shell. 

In  regular  surface  condensers  of  such  size,  the 
temperature  of  the  condensate  is  from  10  to  15  degrees 
F.  lower  than  that  of  the  steam  entering  the  condensers. 
The  function  of  the  primary  heater  is  to  heat  the  con- 
densate which  passes  through  it  on  its  way  from  the 
condenser  to  the  feed  water  heater  to  within  two  or 
three  degrees  of  the  temperature  of  the  exhaust  steam 
entering  the  condenser. 

Circulating  Water  to  the  two  condensers  is  supplied 
by  one  60  000  gallon  per  minute  motor-driven  centri- 
fugal pump.  A  very  small  portion  of  this  water  is 
taken    from    the   pump   discharge    for   the   turbine   oil 


riG.    10 — 56000    SQUARE    FOOT    SURFACE    CONDENSER    AND 
CIRCULATING   WATER   PUMPS 

great  size  of  the  end  sections,  an  elaborate  system  of 
bracing  is  employed  to  secure  absolute  rigidity  against 
collapsing  stresses  due  to  the  vacuum,  and  to  maintain 
the  position  of  the  blade  carrying  elements  absolutely 
fixed  with  reference  to  the  bearing  supports.  An 
auxiliary  steam  inlet  is  provided  through  which  a 
limited  quantity  of  exhaust  steam  at  atmospheric  pres- 
sure, not  required  for  feed  water  heating,  may  be  ad- 
mitted direct  to  the  low  pressure  stages.  Roughly,  for 
every  2.5  lbs.  of  steam  admitted  through  this  connection, 
one  pound  of  high  pressure  steam  will  be  saved. 

CONDENSING  EQUIPMENT 

The  56000  square  foot  surface  condenser  is  built 
in  two  separate  shells,  each  directly  connected  to  one 
of  the  low  pressure  turbine  exhausts  without  the  med- 
ium of  an  expansion  joint.  Nearly  the  entire  weight 
of  the  condensers  is  carried  on  helical  spring  supports. 
Rubber  expansion  joints  are  provided  in  the  water  and 
air  lines  so  that  the  condensers  may  be  free  to  move 
with  the  turbine  without  causing  excessive  stresses  in  it. 
This  design  obviates  the  use  of  expansion  joints  in  the 
main  exhaust  connections  and  keeps  the  stresses  on  the 


FIG.    II — LEBLANC    AIR    PUMPS    AND    CENlKll' Lm.aL    uj\  IpKN  ma  I  l 
PUMPS 

cooler.  There  are  two  turbine-driven  combination  air 
and  condensate  pump  units,  each  connected  to  both  con- 
densers. They  are  of  sufficient  size  so  that  under  nor- 
mal conditions  only  one  need  be  operated.  The  air 
pumps  are  of  standard  high-speed  Leblanc  type,  each 
unit  consisting  of  two  double  elements.  The  condens- 
ate pumps  are  of  the  standard  two  runner  single  stage 
centrifugal  type. 

A  duplicate  of  the  above  described  unit  is  at  pres- 
ent being  installed  in  the  Northwest  Station,  and  a 
third  of  similar  capacity,  but  designed  for  twenty-five 
cycle  service,  is  being  built  for  the  Fisk  Street  Station. 

THE  GENERATOR. 

The  main  generator  is  unusual  only  on  account  of 
its  size ;  otherwise  it  is  of  standard  construction.  It  is 
rated  at  35  300  k.v.a.  (30000  kw  at  85  percent  power- 
factor)  three-phase,  60  cycles,  12000  volts,  1200  r.p.m. 
and  is  capable  of  delivering  its  rated  k.v.a.  output  at 
any  voltage  between  11  500  and  12600. 

The  axial  ventilation  system  is  used  for  the  stator. 
Cooling  air  is  passed  through  openings  in  the  iron  par- 
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allel  to  the  shaft,  and  discharged  from  an  annular  cen- 
tral duct  into  the  frame  casing.  This  arrangement  al- 
lows the  use  of  the  shortest  possible  rotor,  increasing  the 
stififness  of  construction  and  hence  insuring  freedom 
from  vibration.  Further,  from  a  cooling  standpoint, 
it  permits  of  the  most  intimate  contact  of  the  air  with 
the  iron,  and  since  the  heat  conduction  is  greatest  along 
the  plane  of  the  laminations,  any  tendency  toward  hot 
spots  in  the  iron  is  reduced  to  a  minimum. 

The  cooling  air  is  supplied  by  a  ventilating 
fan,  capable  of  delivering  i  lo  ocx)  cubic  feet  of  air  per 
minute  against  5.5   inch   water  head,  and  driven  bv  a 


FIG.    12 — .\RM.\TURE    COIL   BR.\CING 

200  hp.  three-phase,  60-cycle,  440-volt,  50CJ  r.p.m. 
wound-secondary  induction  motor.  The  principal  ar- 
guments in  favor  of  a  separate  fan  for  cooling  are, — 
somewhat  better  fan  efficiency  and  material  reduction  of 
noise  in  the  station,  as  well  as  a  possibility  of  using 
higher  air  velocities  in  the  intake  ducts  and  through  the 
turbine.  In  the  generator  proper,  it  is  possible  to  make 
a  reduction  of  approximately  two  feet  in  the  o\er-all 
dimensions,  if  a  separate  fan  is  employed. 

The  rotor  construction  is  of  the  so-called  plate  type, 
in  which  discs  approximately  two  inches  thick  are 
rabbeted  into  each  other  and  strung  upon  through-bolts 


at  their  outer  periphery.  This  construction  insures  the 
working  of  the  metal  in  a  tangential  direction,  as  well 
as  guaranteeing  a  uniformity  of  steel  throughout  the 
whole  body,  and  eliminates  internal  stresses  due  to  un- 
equal heat-treatment  which  are  liable  to  occur  with  large 
diameter  steel  forgings. 

The  insulation  of  both  stator  and  rotor  is  good  for 
a  temperature  of  150  degrees  C.  continuously.  This 
temperature  is  measured  on  the  stator  by  means  of  em- 
bedded detectors  located  in  the  winding;  and  on  the 
rotor  by  the  increase  in  resistance  of  the  field  coils. 
Such  a  high  temperature  guarantee  necessitates  the  use 
of  the  best  grade  of  insulation,  as  only  that  grade  will 
withstand  the  temperature  specified.  The  guarantee 
also  acts  as  a  guide  to  the  operator  for  overloads  under 
emergency  conditions  of  operation,  indicating  the  mar- 
gin of  safety  on  the  machine.  Taken  in  conjunction 
with  the  proved  fact  that  mica  insulation  is  good  for 
temperatures  considerably  in  excess  of  150  degrees,  this 
guarantee  indicates  ample  margin  of  safety  in  insulation 
temperatures.  The  extent  of  this  margin  is  indicated 
by  the  fact  that  in  this  particular  unit  a  maximum  tem- 
perature of  114  degrees  has  been  secured  at  full  rated 
load  with  25  degree  air.  An  added  advantage  of  the 
use  of  mica  for  insulation  is  its  proved  ability  to  with- 
stand without  injury  corona  or  static  discharges.  Such 
discharges  exist  to  a  certain  extent  with  practically  all 
machines  wound  for  10  000  volts  and  higher.  Static  is 
accompanied  by  the  formation  of  nitrous  oxide  and 
similar  chemical  compounds,  which  attack  all  insulating 
materials  of  fibrous  nature  with  disastrous  results. 

These  machines  are  guaranteed  to  withstand  direct 
short-circuits  without  injury  to  the  stator  winding. 
This  necessitates  a  very  rigid  bracing  of  the  stator  coil. 
Movement  of  any  coil  is  prevented  by  supporting  the 
coil  in  a  series  of  clam.ping  devices  such  as  those  shown 
in  Fig.  12,  which  restrict  its  motion  in  all  directions. 

The  direct-connected  exciter  for  this  unit  is  of 
more  than  sufficient  capacity  to  provide  an  ample  safety 
factor.  The  rating  is  160  kw,  230  volts,  1200  r.p.m., 
shunt-wound.  The  full  load  excitation  of  the  main  tur- 
bine is  less  than  500  amperes.  A  special  condition  of 
operation  is  that  no  rheostat  is  used  in  tlie  main  gen- 
erator field,  and  the  shunt-wound  exciter  will  deliver 
steady  voltage  at  any  point  in  the  range  of  100  volts  to 
230  volts.  This  condition  is  satisfactorily  met  by  special 
proportioning  of  the  magnetic  circuit  of  the  exciter  so 
as  to  secure  a  certain  degree  of  saturation  throughout 
the  entire  voltage  range. 
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THE  experimental  work  of  the  various  lamp  com- 
panies during  the  past  few  years  has  resulted  in 
the  production  of  Mazda  lamps  which  are  suit- 
able for  the  projection  of  motion  pictures.  Not  every 
requirement  can  be  met  but,  in  a  large  number  of  cases, 
the  conditions  are  such  that  Mazda  lamps  give  results 
which  are  superior  to  the  results  obtainable  from  exist- 
ing electric  arc  equipments.  Wherever  an  alternating- 
current  arc  is  used  there  is  a  possibility  of  substituting 
a  Mazda  lamp,  and  in  some  cases  where  small  direct- 
current  arcs  are  used  the  Mazda  lamp  will  also  give  im- 
proved pictures. 

The  principal  advantages  of  the  Mazda  lamp  may 
be  outlined  briefly  as  follows: — Perfectly  steady  light; 
permanent  focus;  better  color  tone  of  the  picture;  no 
carbon  dust  to  scratch  the  film  and  cause  wear  on  the 
bearings  of  the  machine ;  reduced  breakage  of  condens- 
ers. In  most  cases  the  powder  cost  is  reduced ;  however, 
the  essential  thing  to  be  considered  in  the  application  of 
Mazda  lamps  for  motion  picture  projection  is  the  pic- 
ture which  is  projected  on  the  screen.  Unless  the  re- 
sults obtained  are  eminently  satisfactory  and  a  pleasing 
picture  is  projected  which  will  induce  patrons  to  come 
again,  it  is  of  no  importance  to  consider  reduction  in 
cost.  The  whole  question,  therefore,  is  reduced  to  one 
of  applying  the  lamp  in  such  a  way  that  the  picture 
meets  the  public  demand  for  brightness,  steadiness,  color 
tone  and  sharpness  of  detail. 

Three  sizes  of  lamps  have  thus  far  been  developed 
for  motion  picture  service.  These  three  lamps  are 
shown  in  their  relative  sizes  to  one-fourth  scale  in  Fig. 
I.  The  600  watt  lamp  has  a  tubular  bulb  2.5  inches  in 
diameter  with  an  overall  length  of  ten  inches.  The  750 
watt  lamp  has  a  tubular  bulb  with  a  spherical  portion  op- 
posite the  filament.  The  maximum  diameter  of  this 
spherical  portion  is  3  5-8  in.  and  the  overall  length  of 
the  lamp  is  11 24  in.  The  1200  watt  lamp  has  a  bulb 
which  has  a  maximum  diameter  opposite  the  filament  of 
4.5  in.  and  the  diameter  at  the  top  is  also  4.5  in.  The 
overall  length  of  this  lamp  is  13^  in.  It  is  of  advan- 
tage in  making  lamp-housings  for  these  lamps  to 
have  sufficient  clearance  to  take  the  largest  of  the  three 
lamps,  and  then  any  change  in  a  lamp  size  may  be  made 
by  the  operator  as  desired. 

The  size  of  the  light  source,  or  the  projected  area 
of  the  filament,  is  nearly  the  same  in  the  three  cases — 
the  area  of  the  light  source  of  the  1200  watt  lamp  being 
only  slightly  larger  than  the  area  of  the  light  source 
used  in  the  600  and  750  watt  lamps.  The  useful  area 
of  the  light  source  can  be  determined  by  testing  back 
from  the  screen  on  which  the  picture  is  to  be  projected. 
If  a  lamp  is  placed  at  the  corners  of  the  lighted  area  and 
a  test  plate  is  put  in  the  position  of  the  filament,  the  .spot 
of  light  projected  back  on  this  test  plate  will  show  the 
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useful  area  of  the  filament.  In  all  cases  it  is  advisable 
to  make  the  filament  area  somewhat  greater  than  is 
theoretically  useful  to  allow  for  slight  variations  in  the 
placing  of  the  filament  in  the  optical  system.  With  the 
Corning  prismatic  lens,  such  as  frequently  used  with  the 
latnps,  the  theoretical  area  of  the  light  source  is  about 
II  by  9  millimeters,  the  larger  number  being  the  hori- 
zontal dimension  of  the  filament. 

^^lth  a  plano-convex  condensing  system,  the  area 
of  the  light  source  is  approximately  11  millimeters  high 
by  13  millimeters  wide.  The  projected  area  of  the  fila- 
ment in  all  cases  is  about  two  millimeters  greater  on 
each  dimension  than  the  useful  size  which  is  obtained 
by  back  testing.  In  making  the  tests  for  area  of  light 
source,  the  objective  lens  of  the  machine  should  be  ac- 
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FIG.    1 — STANDARD    MAZD.'V    C   L.\MPS    FOR    MOTION    PICTURE 
PROJECTION 

(a)  600  watts,  20  amperes,  30  volts;  (b)  750  watts,  30 
amperes,  25  volts;   (c)   1200  watts,  30  amperes,  40  volts. 

curately  focused  on  the  screen  and  the  test  lamp  should 
be  placed  close  to  the  screen  in  order  to  give  a  sharp 
image  on  the  test  plate  at  the  liglit  source. 

In  any  form  of  Mazda  lamp  thus  far  developed 
there  are  spaces  between  the  filament  sections  which 
are  not  sources  of  light  and  this  has  the  effect  of  giving 
a  more  or  less  uneven  screen.  In  order  to  eliminate 
this  effect  a  spherical  mirror  is  usually  mounted  behind 
the  light  source,  and  the  source  is  adjusted  until  the  re- 
flected image  from  the  mirror  falls  between  the  sections 
of  the  coils.  In  this  way  a  part  of  the  light  which 
would  otherwise  be  wasted  is  returned  to  the  condenser 
and  the  distribution  of  light  over  the  surface  of  the 
screen  is  made  more  uniform.     Where  the  filament  is 
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arranged  in  a  single  row,  which  is  Ivnown  as  the  mono- 
plane construction,  the  images  of  the  coils  from  the 
mirror  are  projected  partly  between  these  coils  and 
partly  on  the  coils  themselves.  Where  the  filament  is 
arranged  in  two  rows  with  the  coils  in  the  second  row 
behind  the  spaces  betwen  the  coils  in  the  first  row,  the 
reflected  image  comes  back  more  or  less  on  the  coils 


\ 


FIG.    2 — DI.\CR.\M    SHOWING    NECESSITV    FOR    .\CCUR.\TELY    FOCUSING 
THE  L.\MP   AND   MIRROR 

a — mirror;     b — light    source;     c — condensers;     d — aperture 
plate  and  c — objective. 

but  in  each  ,case  there  is  an  improvement  in  the  uni- 
formity of  the  light.  The  mirror  must  be  accurately 
placed  in  order  that  the  best  results  may  be  obtained. 
The  reflected  image  of  the  coil  should  be  eijual  in  size 
to  the  coil  itself  and  come  practically  into  the  same 
plane  as  the  coil.  If  these  conditions  are  not  fulfilled 
and  if  the  mirror  is  badly  out  of  focus,  the  reflected  coil 
image  may  come  either  on  the  bulb  or  so  near  to  it  that 
it  will  cause  the  glass  to  soften  and  result  in  early  fail- 
ure of  the  lamp.  There  is,  in  fact,  only  one  point  in 
the  optical  system  which  is  the  correct  point  for  the 
lamp  filament.  This  is  represented  in  Fig.  2  where  a 
is  the  mirror ;  b  is  the  light  source ;  c  the  condensers ;  d 
the  aperture  plate  and  e  the  objective.  If  the  light 
source  is  ahead  of  the  true  position;  that  is,  at  b' .  the 
image  of  the  light  source  will  be  formed  at  b" ,  the  im- 
age coming  nearly  the  same  distance  to  one  side  of  the 
correct  point  as  the  filament  is  placed  on  the  opposite 
side  of  this  point.  Since  this  condition  exists  and,  as  in 
practically  all  apparatus  which  is  on  the  market  at  the 


good  results  obtained.     When  a  lamp  is  to  be  installed 
this  same  focusing  process  must  be  repeated. 

The  focusing  of  Mazda  lamps  in  the  manner  out- 
hned  follows  the  established  practice  in  focusing  arcs 
which  are  continually  changing  their  position  and,  there- 
fore, require  continual  manipulation.  It  is  perfectly 
feasible,  however,  to  adjust  the  filament  of  a  Mazda 
lamp  to  a  predetermined  position  with  respect  to  a  lamp 
holder  and  have  this  lamp  holder  fit  into  the  lamp-house 
in  such  a  way  that  the  filament  of  any  lamp  may  be 
brought  exactly  to  the  proper  focal  point.  Apparatus 
of  this  kind  is  not  only  more  simple  and  more  rugged 
in  construction,  but  results  can  be  duplicated  much  bet- 
ter than  where  unnecessary  adjustments  are  permitted 
ir,  position  of  mirrors,  light  source  and  condensers.  The 
position  of  the  mirror  with  respect  Lo  condensers  should 
be  fixed,  and  all   adjustments  should  be  made  on  the 
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FIG.   3 — ^TYPICAL   TRANSFORMER   FOR    PROJECTION    SERVICE 

With  ammeter,  three-point  switch  and  reactance  control. 

present  time,  the  mirror  is  moveable,  the  chances  of 
getting  the  filament  in  the  right  position  are  rather  re- 
mote. 

It  is  helpful,  in  focusing  the  light  source,  to  pro- 
ject the  filament  and  its  reflected  image  on  the  screen  or 
on  the  blade  of  the  shutter  of  the  projector.  By  careful 
manipulation  the  size  of  the  filament  image  and  the  size 
of  the  reflection  image  may  be  made  nearly  equal  and 


FIG.    4 — TRANSFORMER    ARRANGED    TO    OPERATE   TWO    LAMPS 
ALTERNATELY 

Provided  with  ammeter,  pilot  lamps,  switch  and  regulator. 

light  source  itself.  In  general  fully  as  much,  if  not 
more,  skill  is  required  in  adjusting  the  light  source 
where  a  Mazda  lamp  is  used  as  where  an  arc  is  used, 
the  only  difterence  being  that  with  a  Mazda  lamp,  if  the 
set-up  is  correctly  made,  it  will  remain  unchanged  dur- 
ing the  life  of  the  lamp,  while  with  the  arc  this  skill 
must  be  exercised  continuously. 

Where  Mazda  lamps  are  used  on  alternating-cur- 
rent circuits,  it  is  advisable  to  use  a  tliree-wing  shutter 
on  the  projection  machine  rather  than  a  two-wing, 
which  is  essential  with  an  alternating-current  arc.  The 
change  to  the  three-wing  shutter  may  be  made  because 
of  the  fact  that  tlie  light  source  doss  not  change  ap- 
preciably in  intensity  during  the  current  cycle.  The  fil- 
ament stores  up  so  much  heat  that  it  does  not  have  time 
to  cool  off  during  the  time  the  current  is  passing  through 
its  zero  value.  With  an  arc,  the  luminosity  varies  in  a 
definite  relation  to  the  instantaneous  value  of  the  cur- 
rent. The  use  of  a  three-wing  shutter  is  an  advantage 
because  it  permits  the  frequency  of  cut-ofF  of  the  pic- 
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ture  to  be  high  enough  to  eliminate  the  sensation  of 
flicker.  The  transmission  of  Hght  through  a  three-wing 
shutter  is  somewhat  less  than  through  a  two-wing  shut- 
ter, and  the  ideal  combination  is,  therefore,  to  use  a 
light  source  sufficiently  powerful  to  permit  a  three-wing 
shutter  to  be  used  and  at  the  same  time  secure  a  brilliant 
picture  on  the  screen. 

Owing  to  the  limited  light  flux  from  the  filament 
of  a  Mazda  lamp,  and  the  use  of  condensers  which  cause 
greater  convergence  of  the  light  rays,  it  is  frequently 
desirable  to  use  an  objective  of  large  diameter.  There 
are  at  the  present  time  on  the  market  lenses  having  dia- 
meters of  2.5  in.,  and  these  lenses  are  to  be  recom- 
mended where  the  throw  is  long,  in  order  that  there 
may  be  as  little  waste  of  light  as  possible.  With  the 
use  of  a  wide  aperture  lens,  careful  adjustment  of  the 
shutter  is  essential  to  prevent  the  appearance  of  travel 
ghost;  that  is,  the  stringing  out  of  the  letters  of  titles 
at  the  top  or  bottom,  or  both,  thus  giving  the  effect  of  an 
indistinct  picture.  Unless  special  care  is  taken  to  set 
the  shutter  correctly,  satisfactory  projection  will  be  im- 
possible where  a  wide  aperture  lens  is  used. 

The  Mazda  lamp  is  rated  at  extremely  high  effi- 
ciency and  therefore  the  current  supplied  to  it  must  be 
accurately  controlled  if  the  lamp  is  to  give  satisfactory 
life  performance  and  at  the  same  time  satisfactory  il- 
lumination of  the  screen.  Lamps  made  up  at  different 
times  may  vary  somewhat  in  current  rating  and,  there- 
fore, hand  regulation  must  be  provided  on  the  current 
controller.      For    alternating-current    circuits    a    small 


transformer  is  used.  There  are  a  number  of  these 
transformers  now  on  the  market.  The  transformer  is 
provided  with  an  ammeter  in  the  secondary  circuit  to 
indicate  the  current  supplied  to  the  lamp.  Adjustment 
is  provided  by  means  of  a  rheostat  or  reactance,  or  by  a 
dial  switch  making  connection  to  diflterent  taps  on  the 
winding  in  order  to  control  the  current  when  the  voltage 
supplied  to  the  transformer  varies.  Typical  trans- 
formers for  this  service  are  shown  in  Figs.  3  and  4.  The 
regulation  in  the  transformer  shown  in  Fig.  3  is  accom- 
plished by  means  of  an  adjustable  shunt  in  the  magnetic 
circuit.  The  transformer  shown  in  Fig.  4  provides  reg- 
ulation by  means  of  a  dial  switch  which  makes  connec- 
tion to  different  taps  on  the  winding.  Five  leads  are 
brought  out,  one  pair  being  for  the  primary  circuit  and 
the  other  three  being  for  connection  to  th»  lamps  in  two 
lamp-houses. 

The  principal  features  involved  in  the  application 
of  the  new  Mazda  lamp  for  motion  picture  projection 
are  outlined  in  the  foregoing.  The  future  of  this  busi- 
ness depends  very  largely  upon  the  successful  develop- 
ment of  thoroughly  reliable  and  inexpensive  auxiliary 
devices  such  as  the  lamp-house  mechanism  and  the  elec- 
trical control  devices.  The  Mazda  lamp  is  especially 
suited  to  the  smaller  theatres  where  the  investment  in 
equipment  is  necessarily  limited.  "  At  the  same  time  it 
is  of  extreme  importance  that  the  auxiliary  equipment 
be  rugged  and  not  easily  put  out  of  order,  because  it 
is  essential  that  the  performance,  when  once  started,  be 
continued  without  interruption. 
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This   article   discusses   the   application   of  lightning  protection   apparatus,   and   especially   of   electrolytic 
lightnnig  arresters,  to  transmission  lines  whicli  are  somewhat  out  of  the  ordinary.    (Ed.) 


WITHIN  THE  LAST  FEW  YEARS  there  has 
been  considerable  increase  in  the  number  of 
three-phase  four-wire  distributing  lines  and 
low-voltage  transmission  lines.  This  has  been  due  to 
the  increased  loads  and  to  the  inability  to  increase  the 
load  capacity  of  a  given  line  by  connecting  the  trans- 
formers in  star  and  operating  the  line  at  a  higher  volt- 
age. On  such  lines  it  is  the  usual  practice  to  connect 
the  single-phase  branch  feeders  between  the  neutral  or 
fourth  wire  and  one  of  the  other  three  lines.  This 
introduces  lightning  arrester  conditions  of  more  than 
passing  interest.  Unless  the  effect  of  the  neutral  wire 
is  understood,  the  arresters  are  liable  to  be  installed  in 
such  a  manner  that  they  will  not  be  suited  to  all  the 
conditions  of  the  system. 

The  first  condition  is  that  of  a  line  in  which  the 
neutral  is  not  grounded.     Fig.   i    shows  schematically 
an  elec^olytic  lightning  arrester  adapted   to   the  pro- 
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tection  of  a  three-phase  four-wire  line.  The  onl}- 
special  feature  introduced  is  the  bringing  out  of  a  fifth 
lead  from  the  neutral  point  of  the  arrester  and  con- 
necting it  to  the  fourth  line  wire  through  a  plain  horn 
gap.  This  fourth  gap  does  not  require  a  charging  re- 
sistance, and  does  not  require  a  charging  device  or 
short-circuiting  clip,  as  this  requirement  is  provided  for 
by  the  other  three  gaps.  If  it  were  not  for  the  possi- 
bility of  a  ground  on  the  line  and  consequent  continuous 
passage  of  current  through  the  fourth  element  of  the 
arrester,  the  fourth  gap  might  be  omitted  and  the  fourth 
wire  connected  directly  to  the  neutral  point  of  the  ar- 
rester. 

Another  condition,  encountered  on  a  three-phase 
four-wire  system,  differs  from  that  in  Fig.  i  in  the  in- 
troduction of  a  grounding  resistance  and  a  grounding 
switch  in  the  neutral  lead.  The  safe  arrangement  of 
arresters  is  shown  in  Fig.  2.     The  fourth  electrolytic 
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element  in  Fig.  2  can  be  omitted  if  the  following  condi- 
tions are  obtained: — 

a — The  ohmic  value  of  the  grounding  resistance 
must  be  sufficiently  low  so  that  the  circuit  breaker  will 
trip  out  when  a  ground  occurs  on  the  line.  The  three- 
element  arrester 
will  give  the  same 
degree  of  protec- 
tion, whenever  the 
above  condition 
obtains  and  it 
costs  somewhat 
less. 

b — T  here 
must  be  assurance 
that  the  ground- 
ing switch  will  not 
be  opened.  If  a 
system  is  being  op- 
e  r  a  t  e  d  with  a 
grounded  neutral 
and  the  neutral  is 
grounded  through 
a  switch,  the  sys- 
tem would  prob- 
ably be  operated 
that  way,  until  a 
ground  occured  on  the  line.  When  the  ground  occurs, 
the  circuit  breakers  disconnect  the  affected  line  and  the 
service  is  discontinued.  To  restore  the  line  to  service 
one  of  two  things  must  be  done :—  i — Send  out  linemen 
to  locate  and  remove  the  ground.  This  may  require 
1       2      3      N 


TVI'KAL  MCHTXING  lUSCHAKGE 

Over  the  Gulf  of  Genoa.     Taken  from   the  works   of   the   Itahan   Westing 
house  Company  at  Vado,  Ligure. 
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This  condition  brings  out  one  point  in  favor  of  the 
use  of  fuses  on  electrolytic  lightning  arresters.  The  ar- 
guments against  the  fuse  are : — the  space  taken  up  by 
the  fuse  and  the  loss  of  protection  until  a  blown  fuse  is 
replaced.     Both  of  these  arguments  are  true  to  some 

extent,  but  there 
are  ameliorating 
conditions.  With 
indoor  installa- 
tions the  space 
consideration  is  of 
some  importance, 
but  on  outdoor  in- 
stallations where 
space  is  no  con- 
sideration this  ar- 
gument is  of  very 
m  u  c  h  decreased 
importance  if  not 
entirely  elimi- 
nated. The  fuses 
furnished  on  elec- 
trolytic arresters 
are  usually  suffi- 
ciently heavy  so 
that  they  will  only 
burn  out  under  the 
most  severe  conditions ;  viz.  with  a  lightning  discharge 
sufficiently  heavy  to  destroy  the  arrester  or  in  cases 
where  the  film  has  become  so  low  that  the  arrester  can 
not  check  the  flow  of  dynamic  current.  In  such  cases, 
the  fuse  burns  out  and  it  is  only  necessary  to  replace  it. 

Auxiliary  HornGap 
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I CONNECTIONS    OF    A    THREE-PHASE,   FOUR-WIRE    SYSTEM 

With  neutral  wire  ungrounded. 


only  a  very  short  time  or  it  may  require  several  hours. 
2 — Open  the  grounding  switch  and  resume  operation  at 
once  with  one  line  grounded.  But  if  at  the  same  time  the 
operator  forgot  to  disconnect  the  arrester,  and  the  gaps 
were  set  too  close,  or  a  lightning  discharge  came  in  on 
that  line,  100  percent  line  voltage  would  be  placed  across 
an  electrolytic  element  which  is  designed  for  only  the  58 
percent  of  the  line  voltage.  This  would  very  likely  result 
in  serious  damage  to  the  arrester  if  not  its  destruction, 
unless  there  are  fuses  which  will  automatically  discon- 
nect the  arrester. 


Ground 
oeneraior  ui 

isformer 
rround  Resistance 
^-••-Grounding  Switch 

Oronnn 

-CONNECTIONS     FOR     THE     PROTECTION     OF     A     THREE-PHASE, 
FOUR-WIRE   SYSTEM 

With   the  neutral  grounded  through  a   resistance^ 


which  takes  but  a  few  moments,  and  then  in  case  of  the 
low  film  impress  a  voltage  of  about  220  volts  across 
each  cell  through  a  lamp  bank,  to  build  up  the  film.  If 
the  fuse  is  not  present  to  take  care  of  these  cases  there 
is  the  possibility  of  serious  damage  or  destruction  of 
the  arrester  and  necessity  of  rebuilding  the  arrester  and 
in  many  cases  waiting  for  repairs  to  be  supplied  from 
the  factory,  which  would  leave  the  arrester  out  of  ser- 
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vice  and  the  line  unprotected  for  a  much  greater  length      three-phase  systems. 

of  time  than  is  required  to  replace  a  fuse.  Electrolytic  lightning  arresters  are  also  listed  for 

The  electrolytic  lightning  arresters  for  two-phase     two-phase,  three-wire  systems  of  low  voltage.     These 

four-wire  are   similar  to  those   for  three-phase  three-     systems  are  very  rare  — the  writer  knows  of  only  two 

wire  except  for  the  addition  of  a  fourth  horn  gap  and      systems  in  this  countr\-.     The  insulation  of  these  ar- 
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Using  five  electrolytic  lightning  arresters. 
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FIG.  8 — CONNECTIONS  OF  A 
SINGLE-PHASE    SYSTEM 


FIG.   0 — CONNECTIONS  OF  A 
SINGLE-PHASE   SYSTEM 

\\"\i\\  one  side  grounded. 


FIG.    10 — CONNECTIONS   OF   A 

SINGLE-PHASE    UNGROUNDED 

SYSTEM 


a  fifth  electrolytic  element.  A  transfer  switch  is  al- 
ways provided  for  interchanging  the  grounded  electro- 
lytic element  with  one  of  the  electrolytic  elements  con- 
nected to  the  line.  There  are  not  mam-  of  these  sys- 
tems in  existence.     Most  of  the  two-phase  systems  are 


Testers  must  be  considerably  higher  than  that  necessary 
for  a  three-phase  or  two-phase  arrester  of  the  same 
voltage  rating.  The  reason  for  this  is  shown  in  Fig.  4, 
in  which  E  is  the  rating  of  the  system  while  f^  is  the 
maximum  voltage  between  anv  two  lines.    The  trav  ar- 


survivals  of   the  early  electrical   developments,   where      rangement  is  similar  to  that  of  the  three-phase  arrester 
it  has  not  yet  been  found  expedient  to  change  them  to     except  that  three  of  the  elements  must  have  sufficient 
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trays  for  voltage,  o.5£,,  while  the  fourth  element  must 
have  sufficient  trays  for  voltage  E  -  o.^E.^,  and  this 
fourth  element  must  be  connected  to  the  common  wire 
of  the  two-phase  and  the  transfer  switch. 

A  combination   of  gaps  and   electrolytic   elements 
suited  for  a  two-phase,  tive-wire  ungrounded  neutral  is 


of  a  three-phase  or  two-phase  system,  special  consid- 
erations are  introduced.  If  the  neutral  is  solidly 
grounded  then  only  one  horn  gap  and  electrolytic  ele- 
ment need  be  placed  in  series  between  the  other  line 
and  ground.  The  arrangement  is  shown  in  Fig.  9.  If 
a  single-phase  system  of  this  character  is  operated  with 


lain  Horn  Gap 
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FIG.    II- 


-SCHEME    OF    PROTECTING    TWO,    THREE-PHASE    LINES    WITH 
,ONE    SET    OF   ELECTROLYTIC    ARRESTERS 


that  showfi  in  Fig.  6  which  has  exactly  the  same  con- 
siderations as  given  under  the  three-phase  systems.  The 
scheme  differs  from  that  in  Figs,  i  and  2  in  the  addition 
of  an  extra  main  transmission  wire  to  which  is  con- 
nected an  extra  set  of  gaps  and  electrolytic  element,  the 
same  as  for  line  i,  2  and  3. 

Another  combination  which  is  sometimes  encoun- 
tered is  that  shown  in  Fig.  7.  The  choke  coil  in  lead 
N  may  not  be  thought  to  be  necessary  but  it  is  a  step 
toward  a  greater  degree  of  safety,  as  lightning  has  in 
.     many    cases   been    known    to 
pass  by  a  ground  which  was 
prepared  for  it  and  punctured 
the   windings    of    the   appar- 
atus.     Outside    of    this    coil 
should    be    placed    a     small 
spark  gap  as  shown  at  A. 

The  connections  of  the 
ordinaiy  single-phase  light- 
ning arrester  are  shown  in 
Fig.  8.  In  combination  A, 
Fig.  8,  each  element  must 
have  sufficient  trays  for  50 
percent  of  the  line  voltage 
while  in  combination  B  the 
number  of  trays  must  be  suffi- 
cient for  58  percent  of  the 
line  voltage.  The  ordinary 
single-phase  lightning  arrest- 
er is  supplied  with  sufficient 
trays  to  meet  the  require- 
ments of  combination  B. 
When  single-phase  lightning  arresters  are  con- 
nected to  a  single-phase  feeder  line  which  is  connected 
between  the  neutral  wire  and  one  of  the  outside  wires 


FIG.    12 — 1 10  000  VOLT 

OUTDOOR  TYPE   CHOKE 

COIL 


FIG.    13 — TYPICAL    INSTALL.\TIOX    OF    ELECTROLYTIC    LIGHTNING 
ARRESTERS,    HORN    GAPS    AND    CHOKE   COILS 

the  neutral  ungrounded  or  if  it  is  connected  to  ground 
through  a  high  lesistance  or  if  there  is  a  possibility  of 
its  being  operated  with  the  grounding  switch  open,  the 
arrester  should  be  arranged  as  shown  in  Fig.  10.  The 
same  conditions  obtain  if  a  two-phase,  five-wire  system 
is  used  instead  of  the  three-phase,  four-wire  system 
shown  in  Figs.  9  and  10. 

A  frequently  occurring  proposition  is  that  of  pro- 
tecting two  or  three  lines  by  one  arrester  by  using  ad- 
ditional horn  gaps.  This  can  be  done,  provided  the 
lines  are  of  the  same  potential  and  have  the  same  phase 
relation  such  as  would  be  obtained  if  the  lines  were  con- 
nected to  a  common  bus  as  shown  in  Fig.  11.  The 
other  main  consideration  is  the  ability  of  the  arrester  to 
handle  the  discharge  of  two  or  three  lines.     In  regions 


FIG.    14 — 33000  VOLT,  200   AMPERE,   INDOOR   TYPE  CHOKE  COIL 

when  electrical  storms  are  not  severe  it  can  be  done  and' 
it  can  also  be  done  when  the  storms  are  moderate,  pro- 
vided the  tray  area  is  large,  but  in  cases  where  the 
storms  are  very  severe  and  especially  where  the  tray 
area  is  small,  such  an  arrangement  is  not  to  be  recom- 
mended. 


MikstoTtt)?)  Ill  Small  Tid^oino  DovDlopment 


Ivan    Stewart    Fokde 
Manager,    Small   Turbine   Division 
Westinghouse  Electric  &  Mfg.   Co. 


IN  THE  COI.^RSE  of  a  recent  address,  one  of  our 
eminent    engineers    made    the    fallowing    remarks 
bearing  on  progress  both  in  machinery  and  along 
engineering  lines : — 

"If  vou  wish  to  progress,  get  o\er  the  habit  of  be- 
ing old  fashioned  in  your  life  and  work.  Because  some- 
thing was  good  cwenty  years  ago,  do  not  take  it  for 
granted  that  there  is  nothing  better  today.     Investigate 


are  perhaps  four  times  as  many  engine  builders  to  com- 
pete with  the  production  of  a  dozen  steam  turbine  fac- 
tories :  whereas  if  a  manufacturer  decides  to  install  elec- 
tricity in  his  plant,  he  must  buy  a  generator  or  motor  of 
one  or  another  manufacture. 

The  present-day  growth  of  the  small  turbine  is 
spectacular.  There  are  now  a  dozen  manufacturers 
turning:  them  out  with  total  annual   sales  aggregating 


new  things,  new  ideas,  new  machinery;  discuss  these      roughly  $16000000,  whereas  five  years  ago  this  field 

improvements  with  your  employers  and  associates,  for 

without  discussing  and  encouraging  these  advancements, 

progress  cannot  be  made.     Even  the  things  of  yesterday 

may  be  obsolete,  with  improvements  over  night — hence 

the  necessity  of  your  knowing  the  changes  of  today  and 

?nticipating  ihc  l)Ctternients  of  tomorrow." 


was  limited  to  a  baker's  half-dozen  with  total  sales  of 
approximately  $4  000  000.  What,  then,  has  caused  this 
growth?  It  is  true  that  a  small  turbine  is  more  com- 
pact than  reciprocating  apparatus,  lighter  in  weight,  re- 
([uires  less  foundation  and,  in  addition,  is  less  expensive 
in  first  cost,  freight  and  erection.  But  is  that  all? 
Would  }ou  purchase  any  apparatus  on  first  cost  alone? 
The  real  reason  small  turbines  are  popular  is  because 
ihev  are  simple  in  construction,  require  \ery  little  at- 


FIG.    I — 750     KW      ALTERXATIXG-CURREXT    CEXER.VTOR    GEARED    TO    A 
XOXCOXDEXSI XG   TURni  XE 

The  turbine  operates  at  a  speed  of  6000  r.p.m.  and  the 
generator  at  coo  r.p.m.  This  unit  is  installed  in  what  is  known 
as  a  steam  sub-station  of  a  large  central  station  which  fur- 
nishes heat,  light  and  power  to  a  manufacturing  plant  and 
generates  only  suificient  energ\'  to  supply  the  necessary  exhaust 
steam,  the  generator  being  tied  in  electricallv  with  the  main 
generating  station. 

How  true  this  is  of  small  turbines,  when  one  con- 
siders the  progress  made  in  the  past  several  years. 
Would  you  have  considered  them  as  a  source  of  power 
twenty  years  ago;  or  five  \ears  ago,  would  you  have 
felt  the  need  of  a  500  or  750  horse-power  turbine  for 
driving  boiler  feed  pumps  ?  Would  >-ou  also  have  made 
inquu-y  of  a  turbine  builder  for  a  750  or  1000  kilowatt 
dn-ect-current  generating  unit  as  auxiliary  power  in  a 
large  central  station?  All  these  things  today  are  mile- 
stones in  the  development  of  the  sometimes  "belittled" 
small  turbine. 

Until  recent  years,  the  growth  in  small  turbine  pio- 
duction,  while  representing  a  healthy  increase,  did  not 
indicate  the  spectacular  demand  so  noticeable  during  the 
past  three  or  four  years.  One  immediately  says :  "That 
doesn't  signify  anything— all  machinery  builders  are 
working  overtime."  But  consider,  if  vou  will,  that  there 


Mc.    J— i.KXi.K.VUXi,     SIAUnX     ijF     IHi:     L.Ml'lRE    DISTRICT    ELECTRIC 
COMPANY   OF   JOI'LIX,    MO. 

Having"  250  horse-power  steam  turbines  operating  at  3600 
r.p.m.,  which  drive  boiler  feed  pumps  at  1800  r.p.m.,  through 
reduction  gears. 

tention,  lubrication  and  adjustments;  and  also  because 
the}'  are  able  to  operate  for  long  periods  without  shut- 
down. 

And  yet,  the  small  turbine  was  not  developed 
solely  for  the  purpose  of  having  something  to  compete 
with  another  source  of  power — the  steam  engine.  It 
became  a  necessity  with  the  development  of  large  tur- 
bines^their  condensers  with  centrifugal  hot  well, 
vacuum  and  circulating  pumps,  boiler  feed  pumps, 
blowers  a:id  kindred  auxiliaries  about  big  stations, 
which  could  no  longer  be  driven  by  reciprocating  ap- 
paratus when  capacities,  speeds  and  space  requirements 
dictated  a  change.  It  is  true  that  the  small  turbine  has 
effected  lower  first  costs  in  power  house  auxiliaries,  but 
it  is  equally  true  that  their  performance  has  been  more 
remarkable.  Small  turbines  have  operated  for  a  year 
or  more  at  a  tii:ie  without  shutdown.  They  are  started 
up  and,  you  might  say,  "forgotten.'  This  is  not  cited 
to  indicate  how  small  turbines  should  be  operated,  but  as 
an  example  of  how  they  sometimes  perform  even  with 
lack  of  attention.     Even  though  the  turbine  possesses 
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certain  inherent  characteristics,  enabling  it  to  operate 
continuously  for  long  periods,  it  is  advisable  and  recom- 
mended that  periodic  insjiection  be  made  of  the  auxili- 
ary apparatus  in  much  the  same  manner  as  any  other 
apparatus,  reciprocating  or  centrifugal. 


FIG.   3 — AN   80   HORSE-POWER    STEAM    TLRllIM, 

Operating  at  a  speed  of  5400  r.p.m.,  and  driving  a  stoker 
draft  fan  at  a  speed  of  1150  r.p.m.  Had  this  combination  been 
direct  connected  instead  of  geared,  it  would  have  cost  more 
than  the  geared  unit  and  its  steam  consumption  would  have 
been  60  pounds  of  steam  per  brake  horse-power  hour  instead 
of  the  35  pounds  which  it  now  requires. 

Ten  years  ago,  a  prominent  builder  of  large  tur- 
bines entered  the  small  turbine  field  with  the  prim.iry 
object  of  using  them  to  drive  their  own  conden.'=er 
pumps,  later  rising  these  same  turbines  for  driving  cen- 
trifugal pumps  and  other  mechanical  apparatus  gener- 
ally. Following  this  small  direct-connected  generator 
units  were  brought  out,  and  later  small  turbines  on  a 
large  scale  for  other  commercial  work,  and  this  small 
turbine  enterprise  gradually  increased  until  it  is  now 
an  important  factor  in  their  total  production  of  steam 
apparatus. 

In  the  early  stages  of  the  small  turbine  development, 
moderately   high   speeds   were   employed   for  both   the 


FIG.   4— I'OWER    rL.\NT    OF    THE    UNION    DEPOT    TERMIX.M.    FOR    THE 
R.MI.ROADS    ENTERING    DALLAS,    TEXAS 

Two  of  these  units  have  a  capacity  of  250  k.v.a.  and  the 
third  unit  312  k.v.a.  The  turbines  are  of  the  noncondensing 
high-speed  design  and  are  geared  to  slow-speed  generators 
which  furnish  heat,  light  and  power  to  the  terminal. 

driving  and  driven  apparatus — pumps,  blowers  and  gen- 
erators— the  obvious  reason  being  that,  since  the  tur- 
bine im[)roved  in  economy  with  increased  speed,  the 
driven  ajjparatus  was  accordingly  increased  in  speed  for 
direct  connection  to  the  turbine — reduction  gears  not  be- 


ing seriously  considered  at  that  time.  Just  imagine  a 
turbine  builder  seven  or  eight  years  ago  offering  a  100 
or  750  kilowatt  geared  generating  unit  with  turbine 
speeds  of  7200  and  6ix)o  r.p.m.  Would  30U  have  bought 
it  then  ?  Today  such  a  geared  unit  is  accepted  very 
much  as  any  other  standard  article — unquestioned.  It 
is  more  compact  than  a  direct-connected  combination, 
more  economical  by  at  least  ten  pounds  per  kw-hr.,  its 
cost  is  no  greater  and  the  buyer  obtains  better  driven 
apparatus  by  virtue  of  slower  speeds. 

The  small  turbine,  as  originally  built,  was  for  aux- 
iliary purposes  only,  and  the  user  paid  very  little  atten- 
tion to  its  steam  consumption,  provided  the  consumption 
of  steam  was  within  certain  definite  limits  which  the 
purchaser  had  in  mind  when  he  bought  it.  Times  have 
changed.  The  same  purchaser  today  will  immediately 
ask  the  builder  what  is  the  water  rate  of  his  turbine? 
This  is  because  coal  is  scarce,  costs  considerably  more 
than  it  did  and  because  the  plant  operator  has  worked 
out  the  heat  balance  in  his  plant  to  such  a  fine  point  that 


FIG.    5 — 750   HP     STE.\M    TURBINE 

Operating  at  6000  r.p.m.,  and  driving  a  centrifugal  pump 
handling  10  400  gallons  of  water  per  minute.  This  turbine  is 
designed  for  high  steam  pressure  and  high  vacuum,  and  the 
pump,  which  is  designed  for  a  relatively  high  head,  has  a  speed 
of  1400  r.p.m. 

he  does  not  care  to  have  "waste"  exhaust  steam.  This 
same  question  of  economy  has  become  even  more  pro- 
nounced in  connection  with  small  turbines  driving  di- 
rect-current generators  for  use  as  exciters  and  auxili- 
aries about  the  station. 

It  is  interesting  to  note  the  ever-changing  require- 
ments of  small  turbine-driven  boiler  feed  pumps,  stoker 
draft  fans,  condenser  pumps  and  exciters.  For  boiler 
feed  pumps,  the  horse-power  demands  will  vary  any- 
where from  15  or  20  horse-power  for  a  1000  boiler 
horse-power  plant  up  to  an  occasional  inquiry  for  a 
unit  requiring  500  or  600  horse-power,  capable  of  hand- 
ling 45  000  boiler  horse-power  or  approximately  90000 
kilowatts.  The  speeds  of  these  pumps  vary  materially 
with  different  manufacturers,  and  for  a  50  horse-power 
turbine-dri\en  pump,  one  manufacturer  may  call  for  a 
speed  of  2400  and  another  manufacturer  3000  or  3600 
r.p.m.  for  the  same  work.  Depending  upon  the  capacity 
of  the  pump,  the  speeds  will  vary  anywhere  from  1500 
tc  3600  r.p.m.  Just  a  short  time  ago,  one  turbine 
builder  had  occasion  to  check  up  the  horse-powers  and 
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speeds  of  small  turbines  for  this  work,  and  learned  that 
of  400  turbines  built  the  average  was  70  horse-power 
and  the  speed  2500  r.p.m. 

Turbine-driven  stoker  fans  have  an  entirely  differ- 
ent set  of  operating  conditions.  They  start  off  with  40 
horse-power  and  a  speed  of  2350  r.p.m.  (capable  of 
handling  1600  boiler  horse-power)  and  increase  to  25b 
horse-power  and  decrease  in  speed  to  800  r.p.m.  for  an 
installation  of  10  000  boiler  horse-power. 

Turbine-driven  circulating  pumps  for  surface  con- 
densers have  still  another  requirement.  While  the  ca- 
pacity will  vary  from  1000  to  60  000  gallons  per  minute, 
thev  are  always  designed  for  low  heads  and  conse- 
quently low  speeds.  It  is  seldom  that  a  circulating 
pump  for  low  head  surface  condenser  work  exceeds 
1000  r.p.m.  in  small  capacities.  As  this  is  increased  up 
to  25  000  gallons  per  minute,  the  speed  is  decreased  to 
about  500  r.p.m.  and,  as  the  condition  of  60  000  gallons 
per  minute  is  reached,  the  speed  is  still  further  reduced 
to  as  low  as  300  r.p.m. 

Direct-current  generating  units  as  auxiliaries  in 
large  power  houses  are  of  equal  interest,  and  the  tur- 
bine builder  is  called  upon  to  supply  exciter  units  of 


riG.    6—500    KVV    SLOW-SPEED   GENERATOR   GEARED   TO   A    CONDENSING 
TYPE  TURBINE 

not  only  10  and  15  kilowatts  capacity,  but  up  to  one 
thousand  kilowatts.  \\'hen  these  large  capacities  are 
reached  (certainly  greater  than  the  excitation  current 
required  on  large  alternating-current  generators),  it 
would  indicate  the  use  of  direct-current  motors  for 
special  operations  in  or  near  the  plant,  .such  as  driving 
coal  and  ash  handling  machinery,  and  possibly  the  fur- 
nishing of  direct-current  light  and  i)ower  to  nearby 
users. 

All  of  the  smaH  turbines,  as  originally  built  (  with 
the  exception  of  those  of  one  manufacturer),  were  di- 
rect connected,  because  reduction  gears  were  neither 
•considered  nor  developed  for  small  requirements.  There 
are,  however,  many  good  reasons  wh\-  the  small  tur- 
bine of  today  should  be  geared,  these  advantages  hold- 
ing good  both  from  the  standpoint  of  builder  and  user. 
With  direct-connected  small  turbines,  a  builder  must 
have  one  group  of  small  turbines  with  variable  speeds 
for  driving  all  centrifugal  pumps  and  fans  and  the  \ari- 
ation  in  speed  is  quite  large.  Then  there  must  be  3600 
r.p.m.  turbines  for  driving  alternating-current  genera- 
tors, and  lesser  speed  turbines  for  driving  direct-current 
generators. 

It  is  admitted  that  the  economy  of  a   small  tur- 


bine materially  improves  with  increased  speeds.  It 
is  also  true  that  the  speed  of  a  centrifugal  pump  de- 
pends upon  its  hydraulic  conditions  of  operation,  and 
that  it  never  attains  the  economical  speed  of  a  turbine 
without  some  sacrifice.  This  is  not  so  noticeable  in  the 
case  of  the  high-head,  high-speed  boiler  feed  pumps  as 
in  the  case  of  the  low-head,  low-speed  circulating  pumps 
on  large  condensers.  It  was  a  question  of  "give 
and  take"  between  the  turbine  builder  and  pump  manu- 
facturer, with  a  sacrifice  in  most  cases  by  both  of  them. 
Today  all  the  pump  manufacturer  has  to  do  is  to  tell 
the  turbine  builder  what  speed  he  considers  best  for 
the  pump,  and  he  will  be  given  a  turbine  and  gear  ar- 
ranged so  that  the  efficiency  of  the  turbine  and  the  effi- 
ciency of  the  pump  will  make  an  overall  combination 
never  attained  by  the  direct-connected  unit.  This,  too, 
with  relatively  little  increase  in  cost.  This  enables  the 
turbine  manufacturer  to  concentrate  on  a  smaller  num- 
ber of  turbine  frames,  thus  not  only  making  them  better 
but  relatively  cheaper  due  to  increased  production. 
The  same  holds  good  with  reference  to  turbine-driven 
blowers,  which  are  daily  becoming  a  greater  factor  in 
the  demand  for  small  turbines,  due  to  the  increased  use 
of  underfeed  stokers. 


FIG.    7 — 300  KW   STEAM-ELECTRIC   EXCITER   SET 

The  generator  can  be  operated  either  from  the  geared 
turbine  or  the  alternating-current  motor  or  both.  The  usual 
niL'thod  is  to  drive  the  set  by  the  electric  motor,  the  steam  end 
running  idle  and  then  coming  into  operation  either  with  the 
slowing  down  of  the  motor  or  with  a  demand  for  exhaust 
steam  from  the  turbine.  With  the  ever  increasing  demands 
for  economy  of  exciter  sets,  this  geared  steam-electric  com- 
bination consumes  less  steam  than  a  direct-connected  combina- 
tion of  the  same  type. 

Then  there  is  the  electric  generator.  By  the  use 
of  a  reduction  gear  use  can  always  be  made  of  standard, 
moderate-speed  electric  generators  both  alternating  and 
direct-current,  with  better  efficiency,  due  to  decreased 
friction  and  windage,  and  admittedly  better  commutator 
construction  on  the  direct-current  generator  due  to 
slower  speeds. 

The  power-house  operator  has  gained  by  this 
elimination  of  so  many  different  types,  first  by  getting 
apparatus  on  which  he  can  standardize,  and  second,  by 
obtaining  economies  on  his  auxiliaries  which  will  let 
him  work  out  to  a  nicety  the  heat  balance  in  his  plant. 

The  rn[)id  increase  in  popularity  of  the  small  tur- 
bine is  evidenced  not  only  by  the  increased  sales  of 
small  turbine-driven  auxiliaries  in  large  power-houses, 
but  by  the  installation  of  small  turbine-driven  generat- 
ing units  to  serve  as  the  main  units  in  small  manufactur- 
ing plants,  where  use  is  made  not  only  of  the  electric 
energy,  but  the  exhaust  steam  is  used  industrially  in 
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manufacturing  processes  of  one  kind  or  another.  The 
demand  from  such  plants  has  never  been  as  great  as  it 
is  today. 

Small  turbines  have  also  become  quite  popular  as 
the  main  generating  units  in  central  stations  of  small 
and  moderate  capacities  requiring  200  kilowatts  and  up- 
wards, alternating-current,  operating  the  turbine  with  a 
simple  jet  condenser  having  motor-driven  pumps.  In 
this  way  the  combined  water  rate  per  kw-hr.  of  the  tur- 
bine and  condenser  is  quite  low  since  the  auxiliary 
power  is  taken  from  the  main  unit  at  its  economical  rate 
of  consumption.  In  this  case  the  only  exhaust  steam 
about  the  plant  is  that  used  in  the  small  reciprocating 
boiler  feed  pump,  which  is  usually  sufficient  for  supply- 
ing heat  to  the  incoming  feed  water. 

Still  another  field  is  opening  up  in  the  use  of  geared 
turbines  for  driving  not  only  other  mechanical  appara- 
tus, such  as  variable  speed  paper  mill  machines,  the 
main  shaft  in  flour  mill  drives  and  water  works  pumps. 


but  for  marine  propulsion  as  well,  this  latter  field  be- 
coming very  large  since  the  war. 

Possibly  a  word  or  two  about  the  difference  in  the 
efficiency  between  geared  and  direct-connected  units 
would  be  of  interest.  In  the  case  of  one  turbine  builder, 
they  were  able  to  reduce  by  10  pounds  of  steam  per 
kw-hr.  the  steam  consumption  of  small  generating  units 
in  changing  over  from  direct-connected  to  the  geared 
type  of  unit.  In  the  case  of  a  25  hp  turbine  driving  a 
pump  at  1500  r.p.m.,  they  were  able  tc  reduce  the  steam 
consumption  from  60  pounds  to  37  pounds  per  brake 
hp-hr.  In  the  case  of  a  100  hp  turbine  driving  a  pump 
at  2500  r.p.m.  a  saving  of  i8  pounds  per  brake  hp  was 
effected.  It  will  be  noted  that  these  savings  are  so  great 
that  they  cannot  be  overlooked  by  operating  men  who 
have  the  economy  of  their  plants  at  heart.  Probably 
no  greater  evidence  of  this  can  be  found  than  in  the 
fact  that  at  least  one  turbine  manufacturer  is  today 
building  geared  units  in  the  ratio  of  ten  to  one  direct- 
connected  unit. 
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C.  A. 

THE  tendency  in  recent  discussions  on  the  subject 
of  demand  metering  has  been  to  regard  it  as  rap- 
idly approaching  an  art  in  which  the  problem 
can  be  stated  in  exact  terms  and  for  which  an  exact 
solution  should  be  forthcoming.  The  development  of 
such  devices,  however,  has  been  under  the  continuous 
handicap  of  the  variables  inherent  in  the  problem. 

The  ])rincipal  factor  which  limits  the  load  which 
the  equipment  of  a  system  can  carry  is  temperature,  and 
therefore  demand  measurement  is  closely  related  to  the 
limiting  temperature  of  such  equipment.  This  equipment 
having  mass,  requires  an  appreciable  time  to  reach  a 
final  temperature  for  any  given  load.  This  temperature 
results  from  losses  incident  to  the  load.  In  a  generator, 
for  example,  the  armature  losses  vary  in  proportion  to 
the  square  of  the  current  and  the  field  losses  vary  with 
power-factor  of  the  load  as  well  as  the  current.  In  a 
transformer,  the  core  losses  are  substantially  constant 
while  the  copper  loss  varies  as  the  square  of  the  current. 
In  a  cable  the  losses  var>'  as  the  square  of  the  current. 
It  will  be  seen,  therefore,  that  the  heating  of  the  system 
equipment  follows  a  law  not  susceptible  of  simple  ex- 
pression. 

The  demand  meter  must  recognize,  directly  or  in- 
directly, these  two  factors,  temperature  and  time.  De- 
mand meters  differ  mainly  in  their  recognition  of  time. 

It  has  been  considered  logical  for  such  meters  to 
be  designed  so  that  they  will  follow  the  actual  heat 
storage  law  of  system  equipment.  As  pointed  out,  how- 
ever, where  various  classes  of  system  equipment  are 
under  consideration,  the  law  becomes  complicated  and 
other  conditions  enter  also  into  the  measurement  of  de- 
mand entirely  beyond  the  recognition  of  the  meter,  for 
p,-,„,pir.    ,1;.  ,,,.-;|^.  factor,  power-factor,  voltage  regul- 
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lation,  etc.  It  is  impossible  for  any  practical  device  to 
take  into  account  all  of  these  conditions,  and  the  de- 
mand rate  is,  therefore,  generally  altered  by  a  number 
of  arbitrary  factors  intended  to  compensate  for  these 
variables,  and  the  result  is  an  obvious  compromise  when 
referred  to  the  actual  heat  storage.  The  compromise  is 
of  such  degree  that  the  exact  time  law  of  the  meter  be- 
comes of  secondary  importance  so  long  as  the  meter 
fulfills  the  practical  requirements.  These  requirements 
may  be  expressed  as  follows : — 

I — Its  law  should  be  such  that  it  will  evaluate  any  lluctua- 
ting  load  in  terms  of  an  equivalent  steady  load. 

2 — Its  law  should  be  readily  interpreted,  and  its  readings 
readily  susceptible  of  simple  mathematical  verification,  so  that 
the  consumer  may  understand  the  meter  and  liave  confidence  in 
it. 

3 — Its  indications  should  be  reliable,  that  is,  the  meter  should 
remain   in  calibration. 

4— Its  indications  should  constitute  an  acceptable  fulfilment 
of  the  contract  for  wliich  it  is  the  standard  of  measurement. 
This  implies  that  contracts  should  always  be  drawn  up  witli  due 
regard  to  the  state  of  the  demand  meter  art. 

The  progress  of  the  art  to  date  has  developed  two 
distinct  types  of  devices: — the  arithmetical  average  or 
block  interval  type,  and  the  time  lag  or  delayed  indica- 
tion type.  Each  has  its  field  of  application  dependent 
upon  local  conditions  of  operation  and  contracts. 

Owing  to  the  simplicity  of  calculation,  the  arith- 
metical method  of  averaging  instantaneous  values  of 
load  over  a  specified  interval  has  become  the  standard 
of  reference,  and  the  block  interval  ineter  which  in- 
volves the  same  principle  is,  therefore,  generally  used 
for  large  power  installations. 

Simplicity  of  operation  and  maintenance  on  the 
other  hand  make  the  lag  type  meter  particularly  appli- 
cable for  small  power  installations. 


Feeder  YoIcb^b  Ro^j^daxor^ 


AMONG  the  various  problems  which  war  condi- 
tions have  thrust  upon  many  central  station  op- 
erators is  that  of  handling  increased  loads  with- 
out adequate  increase  in  the  transmission  or  distribution 
lines.  In  some  systems,  the  distribution  of  the  load  has 
changed  so  rapidly  that  certain  feeders  have  become 
disproportionately  loaded.  In  many  cases  it  has  been 
found  also  that  the  location  of  the  load  center  on  the 
different  feeders  has  been  completely  changed  by  the 
increased  power  demand.  Such  conditions  interfere 
with  the  voltage  regulation  on  the  individual  feeders 
and,  unless  corrective  measures  are  taken,  will  result  in 
poor  lighting,  lamp  burnouts  and  decreased  efficiency  of 
motors. 


Oatdoor  Operation 

I.   C.   MiNICK 

A  voltage  chart  showing  the  conditions  which  are 
at  times  produced  by  an  electric  furnace  load  is  shown 
in  Fig.  I.  Where  the  voltage  fluctuations  are  not  too 
rapid,  a  regulator  will  smooth  out  the  variations  of  the 
entire  circuit.  In  some  cases,  however,  the  voltage  vari- 
ations occur  within  a  fraction  of  a  second,  so  that  it  is 
impossible  for  an  induction  type  regulator  to  follow 
them.  Under  such  circumstances  the  proper  pro- 
cedure is  to  separate  the  lighting  from  the  power  load 
by  means  of  a  branch  circuit,  and  put  an  induction 
regulator  on  the  branch  circuit. 

With  the  view  of  remedying  so  far  as  possible  the 
fore-going  conditions  as   well   as  providing  a  type  of 


FIG.    I — IYriC.\L    VOLT.\GE    CURVE 

On  a  long  feeder  supplying  an  electric  furnace  load. 

The  same  difficulties  have  arisen  where  factories 
for  producing  war  materials  have  been  located  at  some 
distance  from  the  larger  cities  and  require  relatively 
large  blocks  of  power  to  be  supplied  by  the  central  sta- 
tion company  over  hastily  constructed  lines.  In  few  in- 
stances has  it  been  practicable  to  erect  a  permanent  sub- 
station equipped  with  all  of  the  necessary  regulating  and 
controlling  apparatus  to  maintain  a  steady  voltage. 
Outdoor  substations,  consisting  of  a  bank  of  transform- 
ers, with  the  accompanying  switching  and  protective 
equipment,  are  usually  installed,  and  all  power  for  both 
the  motor  load  and  lighting  is  taken  directly  from  the 
transformers.  The  lighting  service  is  thus  "afifected  in 
some  degree  by  the  variations  of  the  power  load.  Where 
electric  furnaces  or  electric  welding  and  heating  pro- 
cesses are  carried,  the  effect  on  the  voltage  is  likely  to  be 
so  serious  as  to  render  the  lighting  unsatisfactorv. 


FIGS.    2     and     3 — STANDARD     SINGLE-PHASE,     6o     CYCLE,     23OO    VOLT 
INDUCTION    REGULATOR 

For  ten  percent  regulation  above  and  below  the  supply  voltage. 

feeder  regulator  suitable  for  all  classes  of  outdoor  sub- 
stations, developments  were  carried  cut  on  the  induction 
type  regulator  which  has  been  in  successful  use  in  in- 
door service  for  a  number  of  years.  In  carrying  out 
this  development,  it  was  the  aim  to  use  only  standard 
parts  which  had  been  thoroughly  proven  in  service  and 
which  would  in  no  way  be  affected  by  outdoor  operation 
if  suitably  protected.  Also  considerable  attention  was 
paid  to  the  niatter  of  relays  and  the  other  accessories 
for  automatic  operation;  only  those  types  being  used 
which  experience  had  shown  would  operate  for  reason- 
able periods  of  time  without  attention.  The  complete 
design  as  finally  worked  out  consisted  of  a  standard  in- 
door type  regulator,  mounted  in  a  sheet  steel  "cast-in" 
tank,  and  completely  enclosing  the  top  cover  by  a  rec- 
tangular shaped  sheet  steel  housing,  the  top  half  of 
A\hich  can  be  raised  on  a  hinged  joint,  as  shown  in  Figs. 
4  and  5. 
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The  sheet  steel  housing  is  made  with  a  flange  about 

four  inches  in  width  extending  around  the  four  sides  of 

the  lower  half  of  the  housing  at  approximately  three 

^.  inches     from    the 

lower  edge.      The 
tlauge  rests  on  a  felt 


IT" 

J} 
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FIGS.  4  and  5 — 12.5  k.v.a.,  sincle-i'hase,  60  cycle,  5000  volt, 

INDUCTION    REGULATOR   OF  THE  OUTDOOR  TYPE 

A  regulator  of  this  type  is  formed  by  removing  the  stan- 
dard regulator  from  its  tank,  mounting  the  outdoor  sheet-steel 
housing  over  the  tank,  and  replacing  the  regulator. 

gasket  which  is  placed  on  the  top  casting  of  the  regula- 
tor tank  wall.  With  this  construction  the  completely 
assembled  regulator  with  all  accessories,  which  are 
mounted  on  the  top  cover,  may  be  lifted  as  a  unit  from 
the  tank  without  disturbing  the  housing.  To  remove 
•  the     regulator     from     the 

S^fc     i,~4i  tank,  the  leads  which  are 

brought  out  of  the  tank  are 
disconnected  and  the  cap 
liolts  which  clamp  the  reg- 
ulator top  cover  to  the  top 
casting  of  the  tank  are  re- 
moved. This  feature  is  of 
considerable  importance 
from  an  operating  stand- 
])oint  as  complete  inspec- 
tion or  repairs  to  any  part 
of  the  regulator  may  be 
made,  without  drawing  off 
the  insulating  oil,  or  re- 
moving the  tank  from  its 
location.  The  felt  gasket 
and  flange  on  the  housing 
form  a  moisture  proof 
joint  when  the  top  cover 
is  bolted  down,  and  further 
jirotection  is  afforded  by 
the  overhang  formed  by 
the  lower  edge  of  the  housing.  The  leads  are  brought  out 
of  the  tank  through  porcelain  bushings  babbitted  in  the 
flange.  When  closed,  the  top  half  of  the  housing  ex- 
tends down  over  the  bottom  half  and  rests  on  a  shoulder 
•with  a  felt  gasket  which  extends  around  the  inside  of 
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FIG.    6 — THE    COILS,    SUPPORTING 

FRAMEWORK     AND    CONTROL 

-MECHANISM    OF    THE 

REGUL.MOH    SHOWN 

IN'  FIG.   7 


the  cover,  thus  completely  sealing  the  regulator  against 
moisture. 

The  accessories  for  providing  automatic  operation 
consist  of  a  primary  relay,  an  auxiliary  relay  and  limit 
switch,  resistors  for  primary  relay,  and  a  three-pole, 
250  volt  knife  switch.  A  voltage  transformer  is  neces- 
sary for  reducing  the  line  voltage  for  the  primary  re- 
lay, but  is  furnished  separately  and  mounted  externally 
(A  one  k.v.a.  distribution  transformer  is  generally 
used).  It  is  also  necessary  to  provide  a  low-voltage 
control  circuit  for  the  operating  motor,  and  this  circuit 
must  not  be  taken  from  the  voltage  transformer  that 
supplies  the  primary  relay. 


FIG.    7 — A    600    K.V.A.,    THREE-PHASE,    6o    CYCLE,    I3  200    VOLT,    OIL- 

INSUL.\TED,    SELF-COOLED    INDUCTION    REGUL.\TOR    FOR 

OUTDOOR  OPER.VTION 

This    regulator   is    arranged    for   either    lo   or   20   percent 
regulation  by  connecting  the  coils  in  series  or  in  parallel. 

In  general  the  outdoor  type  regulators  will  be  in- 
stalled near  the  load  to  be  supplied  by  the  feeder. 
AA'here  scattered  loads  must  be  served,  the  regulator 
should  be  installed  at  the  load  center  of  the  feeder.  In 
either  case  it  is  the  function  of  the  regulator  to  correct 
for  a  variable  supply  voltage  and  nut  to  compensate  for 
line  drop  to  a  distant  point,  so  that  a  line  drop  compen- 
sator is  ordinarily  not  required.  Provision,  however,  is 
made  for  mounting  a  compensator  along  with  the  other 
accessories  when  required.  When  a  polyphase  operat- 
ing motor  is  used  there  will  be  a  total  of  five  control 
wires  brought  out  of  the  housing  in  addition  to  the  main 
leads  to  the  feeder;  with  a  single-phase  operating  mo- 
tor there  will  be  four  control  wires  brought  out. 
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The  outdoor  type  regulator  may  be  installed  in  the 
same  way  as  a  transformer  for  platform  mounting,  ex- 
cept that  it  is  essential  that  the  base  on  which  the  regu- 
lator stands  be  levelled  so  as  to  keejj  the  relays  in  cor- 
rect position.  Platforms  may  be  erected  on  the  ground, 
or  on  poles,  or  steel  towers  may  be  conveniently  adapted 
to  carry  both  the  transformers  and  regulators.  Lift- 
ing iuo-s  are  provided  on  the  sides  of  the  housing,  which 
is  of  sufficiently  rigid  construction  to  permit  the  lifting 
of  the  complete  regulator  filled  with  oil. 

A  hasp  on  the  housing  is  arranged  so  that  a  padlock 


may  be  used  to  safeguard  the  operating  mechanism  and 
relays.  Care  should  be  taken  in  mounting  the  regulator 
to  allow  sufficient  head  room  for  opening  the  top  cover 
for  periodic  inspection  of  the  relays  and  operating  me- 
chanism. Inspection  of  the  regulator  and  any  adjust- 
ment of  the  relays  is  greatly  facilitated  by  the  arrange- 
ment used  in  this  design,  the  relays  being  mounted  at 
the  front  side  of  the  housing  while  all  the  leads  are 
taken  out  of  the  back  of  the  housing.  Opening  the  cut- 
out switches,  completely  disconnects  all  the  relays  and 
the  operating  motor,  and  the  location  of  the  high  ten- 
sion leads  avoids  all  danger  to  the  inspector. 
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Preston  S.  Millar 

Chairman,  Committee  on  War  Service, 

Illuminating   Engineering   Society 

DURING  THE  PAST  WINTER,  largely  as  the  outcome  of  the  fuel  shortage  which  proved  so  em- 
barrassing, artificial  lighting  as  a  consumer  of  coal  was  the  recipient  of  much  attention.  Under  the  stress 
uf  necessity  which  afforded  but  little  time  for  investigation  or  even  for  mature  consideration,  certam  cur- 
tailment was  undertaken  and  other  curtailment  was  contemplated.  In  the  midst  of  the  discussion,  when 
the  issue  was,  prominently  before  the  public,  the  Illuminating  Engineering  Society  held  a  special  meeting 
for  the  discussion  of  the  subject  and  the  author  read  a  paper  on  lighting  curtailment  with  a  view  to 
placing  certain  facts  before  the  Society's  membership  and  developing  engineering  opinion  through  discus- 
sions. This  paper  was  presented  before  the  Society  in  New-  York  on  Feb.  14th  and  before  the  Phila- 
delphia Section  of   the  Society  on   the   following  evening  and  was  extensively  discussed. 

These  discussions  were  put  forth  during  the  period  of  embarrassment  growing  out  of  the  fuel  short- 
age and  at  a  time  when  the  need  for  saving  fuel  w^as  prominent  in  the  minds  of  all  as  one  of  the  para- 
mount issues.  Indications  point  to  another  serious  coal  shortage  during  the  coming  winter.  The  subject 
of  fuel  saving  through  curtailment  of  artificial  lighting  must,  therefore,  commend  itself  to  our  patriotic 
and  business  senses  as  one  important  phase  of  prudent  management  or  economy,  and  the  views  expressed 
during  the  recent  critical  period  should  prove  of  value  in  an  advance  consideration  of  the  situation  which 
will  confront  the  country  next  winter. 


THE  FUNDAMENTAL  meaning  of  the  word 
"economy"  is  well  expressed  by  the  phrase  "pru- 
dent management."  Prudent  management  of  the 
country's  resources  is  a  prerequisite  to  victory.  Among 
the  country's  resources  artificial  light  occupies  an  im- 
portant place.  In  order  to  obtain  a  perspective,  let  it 
be  recalled  that  the  country's  yearly  bill  for  artifical 
light  is  of  the  order  of  S500  000  000,  which  is  of  the 
same  order  as  the  country's  bill  for  intoxicating  liquors 
and  tobacco.  Let  it  be  remembered  that  the  total  coal 
employed  in  the  production  of  electric  light  is  appro.xi- 
mately  12000000  tons  out  of  a  total  output  of  640000 
000  tons  in  this  country  in  191 7.  The  net  amount  of 
coal  employed  in  the  production  of  gas  light  is  said  to 
be  about  one-quarter  of  that  used  for  electric  light.  Let 
us  recall  that  last  winter  we  were  told  that  a  saving  of 
50000000  tons  of  coal  wotild  have  to  be  effected  in  the 
countr)-  this  year.  It  is  understood  that  present  indica- 
tions now  point  to  the  need  for  an  even  greater  saving, 
probably  approximating  75  000  000  tons  during  the  year. 
Let  us  note  that  if  all  electric  and  gas  light  were 
abolished  with  a  consequent  stoppage  of  nocturnal  ac- 
tivity, the  total  coal  saved  would  be  only  perhaps  one- 
quarter  or  one-fifth  of  that  which  we  must  save  during 
the  coming  year.  The  country  employs  for  artificial 
light  less  than  three  percent  of  the  coal  output  of  the 
country.  The  proportion  of  the  country's  coal  output 
which  is  consumed  in  electric  lighting  is  represented  in 
Fig.  I. 


Artificial  light  has  a  very  large  place  in  our  affairs. 
It  facilitates  and  renders  safe  a  wide  range  of  indus- 
trial, educational  and  recreational  activities  which  are 
of  inestimable  material  and  spiritual  benefit  to  the  coun- 
try. Especially  in  time  of  war,  when  the  human  en- 
ergies and  material  resources  of  the  country  must  be 
inobilized  and  applied  effectively,  artificial  light  becomes 
an  indispensable  aid,  the  value  of  which  is  much  more 
likely  to  be  under-estimated  than  over-estimated. 

FUEL  SAVING 

Notwithstanding  the  relatively  small  amount  of 
fuel  employed  in  the  production  of  artificial  light,  it  is 
incumbent  upon  all  who  can  influence  practice  to  labor 
assiduously  in  the  elimination  of  waste  in  lighting  to 
the  end  that  a  respectable  fuel  saving  may  be  accom- 
plished. The  means  to  be  used  are  principally  as  fol- 
lows : — 

Extinguish  Lamps  when  They  Are  Not  Needed — 
Needless  operation  of  lamps,  as  those  burning  out  doors 
in  the  day  time,  or  those  left  burning  in  unutilized  rooms 
at  night,  is  the  grossest  form  of  waste  which  is  en- 
countered in  artifical  lighting. 

Extinguish  a  Portion  of  the  Lamps  when  the  Full 
Illumination  Is  Not  Required — It  is  advisable  to 
have  available  a  complete  lighting  equipment  of 
reasonable  capacity  to  meet  the  requirements  in 
each  installation.  At  times  when  the  full  illumin- 
ation  is  not   required,   a   portion   of   this   may  be   ex- 
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tinguished  without  disadvantage.  Often  a  rearrange- 
ment of  circuits  may  make  it  possible  to  dispense  with  a 
part  of  the  lighting  on  certain  occasions  while  leaving 
the  full  installation  for  use  when  required. 

Replace  Inefficient  by  Efficient  Lamps — Probably 
twice  as  many  carbon  and  Gem  lamps  are  used 
as  could  be  justified  on  the  ground  of  economy.  While 
the  Mazda  lamp,  esi)ecially  in  the  smaller  sizes,  is  too 
fragile  to  make  possible  a  general  replacement  of  the 
inefficient  but  rugged  carbon  and  Gem  lamps,  yet  in 
considerable  part  such  replacement  could  be  made  with 
beneficial  results.  What  has  been  said  of  electric  il- 
luminants  applies  with  even  greater  force  to  gas  illumin- 
ants  where  the  mantle  lamp  could  and  should  be  in- 
stalled in  place  of  open  flame  burners  to  a  large  extent. 


Total  Coal— 1917 


Coal-Electric  Light 
and  Power 


Coal-Electric  Light 
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lighting  equipments  with  reasonably  frequent  cleaning 
often  effects  considerable  savings. 

Whenever  efficiency  is  improved,  as  by  substituting 
efficient  for  inefficient  lamps,  by  cleaning  or  by  employ- 
ing more  efficient  accessories,  economy  is  promoted. 
In  some  cases  more  light  is  applied  usefully  to  the  im- 
provement of  working  conditions  while  in  others  lamps 
of  lower  consumption  are  substituted,  thus  saving  fuel. 

If  everyone  connected  with  the  lighting  industry 
will  exert  his  influence  to  secure  all  possible  saving 
through  these  means,  there  will  be  placed  to  the  credit 
of  the  industry  and  to  the  advantage  of  the  country 
such  saving  as,  it  seems  to  the  writer,  to  be  practicable 
to  effect  in  the  artificial  lighting  field  without  serious 
disadvantage  to  the  country. 


FIG.    I— COM,    CDNSUMPTION    Of    THE    UNITED    STATES 

In  gas  lighting,  however,  as  in  electric  lighting,  the  more 
efficient  illuminant  is  fragile  and  unsuited  for  service 
in  which  the  lamp  is  subject  to  shocks  and  vibration. 
This  handicap  makes  impracticable  a  wholesale  sub- 
stitution of  mantle  lamps  for  open  flame  burners. 

Use  Efficient  Accessories — It  is  often  possible  to 
effect  a  saving  of  a  number  of  percent  in  the  light  which 
is  utilized  by  substituting  efficient  for  inefficient  access- 
ories. Globes  of  higher  light  transmission,  reflectors 
which  deliver  a  larger  percentage  of  the  light  where  it 
is  required,  accessories  which  do  not  collect  dust,  all 
promote  economy. 

Finish  Surfaces  in  White  Where  Practicable— li  is 
frequently  possible  to  utilize  lO,  20  or  even  30  percent 
more  light  by  refinishing  reflecting  surfaces  such  as 
ceilings,  in  good,  light-reflecting  colors.  Such  simple 
expedients  result  in  a  greater  utilization  of  light. 

Good  Maintenance — Dust  is  one  of  the  greatest 
causes  of  lighting  inefficiency.     Good  maintenance  of 
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Anoual  Saving  One         Saving  with  67°  Saving  by 

Coal  Saving  Shovelful  per  instead  of  70"  Lighhng 

to  be  Effected       Day  per  Family        in   Buildings  Curtailment 


FIG.   2 — S.WINGS    IN    COAL    TO    BE    EFFECTED 

READJUSTMENTS    OF    ARTIFICI.\L    LIGHTING   AS   AN 
ECONOMICAL  MEASURE 

A  careful  consideration  of  the  possibilities  of 
economical  readjustment  of  artificial  lighting  with  spe- 
cial reference  to  fuel  saving  will  result  in  classifying 
possible  li.ghting  curtailment  as  follows: — 

o— Reduction  in  lighting  which  would  impair  efficiency 
and  which  ought  not  to  be  undertaken  in  war  time  when  the 
efficiency  of  the  people  is  of  special  importance. 

fe— Reduction  in  lighting  which  can  be  made  without  im- 
pairing the  efficiency  of  the  people,  but  which  would  damage 
business  and  which' ought  therefore  to  be  undertaken  only  m 
the  face  of  imperative  need  for  saving  fuel  which  could  not 
be  saved  otherwise  with  less  disadvantage. 

In  the  paper  on  lighting  curtailment,  there  was  pre- 
sented a  consensus  of  experts  as  to  desirable  readjust- 
ments of  artificial  lighting,  taking  into  account  war 
conditions,  including  fuel  shortage.  This  is  shown  m 
Table  I,  the  data  being  based  upon  the  opinions  of  from 
twelve  to  twenty  men.  . 
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This  table  reflects  the  conviction  of  illuminating 
engineers  that,  generally-speaking,  too  little  artificial 
lighting  is  employed,  that  it  would  be  to  the  advantage 
of  the  country  to  extend  some  classes  of  lighting  sys- 
tems and  in  some  classes  both  to  extend  lighting  sys- 
tems and  increase  intensities.  The  tendency  in  artificial 
lighting  has  been  in  the  direction  of  simulating  daylight 
in  respect  to  intensity,  diffusion  and  hue.  But  it  has 
been  the  practice  to  employ  intensities  which  are  very 
much  below  the  daylight  intensities  which  obtain,  even 
in  buildings  where  small  window  area  results  in  a  very 
limited  admission  of  light.  Not  until  three  or  four 
times  as  much  artificial  light  is  employed  as  in  the  re- 
cent past  will  these  lowest  of  all  daylight  intensity 
values  be  reached.  The  relatively  low  prevailing  in- 
tensities are  on  obstacle  in  the  way  of  approximating 
the  other  qualities  of  daylight,  in  that  light  must  be  in 
part  absorbed  in  the  processes  of  diffusion  and  coloring, 
and  until  the  use  of  light  is  sufiiciently  liberal  to  permit 


TABLE  I— COMPOSITE   OPINION   OF    DESIRABLE 
READJUSTMENTS  OF  ARTIFICIAL  LIGHTING 

Classes  of  LighUng 
Service 

.  =  2  '3  5 
:2- 

Percent  Adjust- 
ment ofPru-War 
Intensities  which 
shonlvl  b-  made  if 
there  were  no 
Fuel  Shortage 

Percent  Desirable 

-Adjustments  under 

Fuel  Shortage 

Conditions 

Street     (civic    not 

white    way)     . . . 

Public  buildings    . 

14 

3 

+  70 
+  100 

5 
—   10 

Industrial 

Protective 

19 
I 

+  175 
+400 

+  50 
+200 

Commercial  .... 
Residence 

22 
24 

+   40 
+   30 

—  10 

—  20 

Recreational  .... 
Advertising  .... 

7 

4 

0 
0 

—  40 

—  75 

Miscellaneous  .   . . 

6 

+100 

—  10 

Total 

100 

Net 

+  72 

—    3                ' 

the  necessary  reduction  in  these  processes  without  di- 
minishing the  light  ultimately  utilized  below  the  point 
of  practicability,  general  progress  is  impeded. 

Usually,  the  liberal  use  of  light  is  practiced  where 
the  return  in  dollars  and  cents  is  inost  directly  trace- 
able. It  follows  that  light  has  been  used  most  liberally 
in  display  advertising,  including  sign  lighting,  show 
window  lighting,  white  way  lighting,  etc.  The  liberal 
use  of  light  in  these  classes  of  service  demonstrates  the 
value  of  artificial  lighting.  In  other  classes  of  service, 
where  the  economic  value  of  liberal  use  of  light  is  less 
directly  traceable,  or  where  it  has  not  been  demon- 
strated to  bring  so  direct  a  return  to  those  who  must 
hear  the  expense,  the  use  of  light  on  a  liberal  scale  has 
not  been  so  general.  It  is  unfortunate  that  in  this  lat- 
ter class  are  to  be  found  those  installations  in  which 
good  artificial  lighting  ought  to  be  made  the  agent  of 
improved  efffciency,  which  will  count  most  directly  in 
the  interest  of  the  country  at  this  time. 

INDUSTRIAL  AND  PROTECTm;  LIGHTING 

Relatively  few  people  appreciate  that  the  liberal  use 
of  light  is  conducive  to  increased  output,  diminished 


shrinkage  and  safety,  to  an  extent  and  in  a  way  which 
directly  affects  industrial  efficiency.  Those  contribut- 
ing to  the  expression  of  opinion  on  this  subject  as  sum- 
marized in  Table  I  advocate  on  the  average  an  increase 
of  50  percent  in  industrial  lighting.  This  opinion  was 
delivered  at  a  crucial  period  of  last  winter's  fuel  short- 
age and  in  the  face  of  the  corresponding  opinion  that 
under  pre-war  conditions  it  would  have  been  advan- 
tageous to  increase  industrial  lighting  by  175  percent. 
If  it  would  have  been  to  the  advantage  of  the  country 
to  increase  industrial  lighting  intensities  by  175  percent 
before  the  war  with  a  view  to  promoting  industrial  econ- 
omy, it  would  seem  that  the  desirability  of  such  an  in- 
crease is  even  greater  in  time  of  war,  for  industrial 
economy,  especially  if  it  leads  to  increased  industrial 
output,  is  now  of  vital  importance.  It  is  the  writer's 
belief  that,  if  the  experts  who  expressed  these  opinions 
were  to  meet  at  this  time  and  discuss  this  subject,  the 
resultant  conclusion  would  be  that  at  least  the  same  in- 
crease in  artificial  lighting  which  they  would  have  ad- 
vocated under  pre-war  conditions  ought  now  to  be  made 
in  all  important  industries. 

Protective  Lighting  for  industrial  plants  devoted  to 
work  of  importance  to  the  public  interest,  for  public 
works,  for  public  utility  plants,  etc.  is  of  great  import- 
ance in  making  possible  effective  guarding  of  these 
properties.  It  is  also  a  measure  of  economy,  for  with  a 
good  protective  lighting  system  fewer  guards  can  give 
the  needed  protection.  In  industrial  and  protective 
lighting  there  is  found  the  greatest  need  for  the  in- 
creased use  of  light,  and  this  need  appears  to  be  para- 
mount to  all  considerations  of  fuel  saving  for  reasons 
which  will  be  discussed  later. 

Lighting  of  Public  Buildings — In  the  lighting  of 
public  buildings,  including  schools,  colleges,  institutions, 
libraries,  federal,  state  and  municipal  office  buildings, 
etc.  little  or  no  reduction  in  lightiiig  intensities  can  be 
made  with  advantage.  Indeed,  most  such  buildings  are 
known  to  be  underlighted.  In  the  interests  of  economy, 
those  in  which  work  is  performed  ought  to  be  lighted  to 
a  higher  intensity.  Most  of  the  saving  which  can  be 
effected  in  them  is  of  a  kind  which  has  been  endorsed 
unqualifiedly  in  this  article,  including  extinction  of 
lamps  when  not  needed  and  the  substitution  of  efficient 
for  less  efficient  lamps. 

Commercial  Lighting — To  that  part  of  commercial 
l-.ghting  which  includes  buildings  or  rooms  in  which 
work  is  performed  as,  for  example,  offices,  the  same 
statements  apply.  In  the  remainder  of  commercial 
lighting,  which  includes  stores,  it  would  appear  to  be 
possible  to  accomplish  some  reduction  without  counter- 
acting disadvantages. 

Street  Lighting— With,  display  or  white  way  street 
lighting  relegated  to  its  proper  class,  which  is  advertis- 
ing, it  may  be  said  that  all  civic  street  lighting  tends  to 
be  inadequate  both  in  respect  to  intensity  and  extent, 
when  judged  from  the  police  and  safety  standpoints. 

Residence  Lighting— It  is  often  stated  that  too 
much  light  is  used  in  residences.  A  residence  is  fre- 
quently thought  of  as  a  place  for  rest  and  relaxation. 
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Too  often  the  fact  that  it  is  in  considerable  part  a  place 
cf  work  is  disregarded.  A  little  reflection  will  make 
clear  that  a  large  percentage  of  the  use  of  artificial  light 
in  the  average  home  is  in  connection  with  the  perform- 
ance of  some  kind  of  work.  It  maj'  be  reading  or  sew- 
ing, or  any  one  of  a  great  variety  of  occupations,  but  all 
requiring  the  application  of  the  eyes  under  the  illumin- 
ation provided.  Especially  is  it  important  to  remem- 
ber that  the  home  is  the  ]ilace  where  children  do  much 
of  their  school  work.  Generally  speaking,  homes  are 
lighted  inadequately  for  these  purposes.  To  the  extent 
that  the  home  is  a  place  of  rest  and  relaxation,  or  is  de- 
voted to  social  activities,  less  light  may  be  used  without 
disadvantage.  These  two  requirements  tend  to  balance 
one  another,  resulting  in  the  conclusion  that  little  or 
no  reduction  in  residential  lighting  can  be  advocated  to 
advantage. 

Advertising  and  Display  Lighiiny — Adjustments  of 
artificial  lighting  of  the  classes  which  have  thus  far  been 
discussed  have  been  considered  from  the  point  of  view 
of  effect  of  artificial  light  upon  the  activities  of  the 
people.  Another  important  consideration  is  the  elifect 
upon  the  prosperity  of  those  engaged  in  the  lighting 
business.  Like  other  patriotic  industries,  the  lighting 
industrjr  has  manifested  every  desire  to  subordinate  its 
direct  interests  to  those  of  the  nation  as  a  whole.  At 
the  same  time  these  private  interesfs  are  of  importance, 
not  only  to  the  lighting  industry  direcdy,  but  to  the 
country  at  large,  by  reason  of  the  widespread  stock 
ownership  of  concerns  engaged  in  the  lighting  business, 
and  by  rea.son  of  the  dependence  of  the  nation  as  a 
whole  upon  the  prosperity  of  each  of  its  business  parts. 
Curtailment  of  advertising  or  display  lighting  can  prob- 
ably be  accomplished  with  less  disadvantage  to  the 
people  than  curtailment  in  any  other  branch  of  lighting. 
If  fuel  shortage  is  such  as  to  demand  serious  sacrifices 
through  artificial  lighting,  curtailment,  this  class  of 
lighting  naturally  receives  first  attention.  It  is  a  class 
in  which  damage  to  the  business  interests  affected  con- 
stitutes the  principal  objection  to  curtailment.  Both  the 
lighting  industry,  with  whose  business  it  would  inter- 
fere seriously,  and  the  commercial  interests  which  have 
prospered  through  this  form  of  advertising  would  suffer 
through  such  curtailment.  The  loss  which  would  be 
inflicted  ought  to  be  weighed  against  the  disadvantages 
which  would  be  incurred  in  effecting  the  same  fuel  sav- 
ing through  economies  or  curtailment  in  other  direc- 
tions. 

r.STIMATE  OF  NET   PRACTICABLE  LIGHTING   CURTAILMENT 
AND   OF    CORRESPONDING    FUEL   SAVING 

In  Table  I,  the  column  presenting  the  consensus  of 
opinion  in  regard  to  desirable  readjustments  of  lighting 
in  view  of  the  war  and  the  coal  shortage,  indicates  a  net 
reduction  in  artificial  lighting  of  the  order  of  three  per- 
cent.    The  estimate  of  coal  consumed  in  electric  light- 


ing is  12000600  tons  per  annum.  If  a  curtailment  of 
this  extent  be  assumed  to  accomplish  a  proportionate 
saving  in  coal  consumption,  the  net  saving  per  annum 
will  be  360000  tons.  As  previously  stated,  it  is  the 
author's  opinion  that  a  full  consideration  of  the  facts 
would  indicate  that  even  this  extremely  small  saving 
would  prove  undesirable  for  the  reason  that  economy 
dictates  a  more  liberal  use  of  light  in  industrial  work 
which,  if  effected,  would  inore  than  wipe  out  the  net 
saving  here  indicated. 

It  may  be  objected  that  these  considerations  are 
academic  for  the  reason  that,  in  the  face  of  a  serious 
coal  shortage,  savings  must  be  effected  and  lighting 
must  be  curtailed  for  the  simple  reason  that  coal  is  not 
available  with  which  to  do  all  the  lighting.  The  answer 
to  this  objection  is  that  much  greater  savings  of  coal 
may  be  accomplished  in  other  directions  with  lesser  dis- 
advantage or  even  with  advantage.  Why  curtail  light- 
ing, incurring  the  danger  of  impaired  efficiency  of  the 
nation,  and  damaging  a  part  of  the  country's  business 
in  order  to  save  a  little  coal,  when  a  great  deal  more 
coal  can  be  saved  otherwise  with  little  or  no  disadvan- 
tage? Some  estimates  of  such  greater  savings  are  as 
follows* : — 

Savings  within  the  control  of  the  public — 

Saving    if    each    family    decreases    by    one 

shovelful  its  daily  use  of  coal 15  000  000  tons 

Saving     by     maintaining      temperature      of 

building  interiors  3   degrees   lower,   say 

67  degrees  instead  of  70  degrees   F. . . .    10  000  000  tons 

Possible     savings     not     within     control     of     the 

general  public — 

Saving  by  railroads  through  practicable  light 

firing  of   locomotives    7  000  000  tons 

Practicable  savings  requiring  some  time  for  con- 
summation and  not  within  the  im- 
mediate control  of  the  general  public — 

By   railroads   through   electrification    40  000  000  tons 

Accomplished  by  Chicago,  Milwaukee  &  St. 
Paul  Railway  through  electrification  and 
utilization  of  water  power  on  its  Rocky 

Mountain   Division 500  000  tons 

By    substitution    of    centra!    station    power 

for   private    plants    13  000  000  tons 

These  relations  are  expressed  graphically  in  Fig.  2. 

CONCLUSION 

In  the  readjustment  of  artificial  lighting  to  serve 
the  best  interests  of  the  nation,  patriotism  demands 
economy.  Economy  consists  in  the  elimination  of 
wasteful  lighting,  and  in  the  more  liberal  and  extensive 
use  of  light  where  this  can  be  made  to  promote  effi- 
ciency. Artificial  lighting  should  not  be  looked  to  for 
more  than  an  inconsiderable  part  of  the  total  coal  sav- 
ing which  must  be  accomplished.  All  concerned  ought 
to  exert  themselves  to  accomplish  as  much  coal  saving 
as  possible  and  to  promote  efficiency  wherever  possible 
through  readjustments  of  artificial  lighting. 
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♦For  sources  of  data  here  see  paper  on  "Lighting  Curtail- 
ment", p.  Ill,  Transactions  Illuminating  Engineering  Society, 
March  20,  1918. 
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IN  the  last  few  years  as  electrical  apparatus  has 
continued  to  grow  larger  and  distributing  systems 
more  complicated,  protective  relays  have  begun 
to  occupy  a  place  of  prominence  in  the  eciuipment  of 
generating  stations  and  distributing  systems.  One  fac- 
tor which  was  largely  instrumental  in  making  them  nec- 
essary, was  the  rising  cost  of  copper,  with  the  attendant 
expense  of  installing  duplicate  feeders  in  order  to  give 
continuity  of  senice  to  important  customers.  Econom- 
ical use  of  copper  became  a  necessit}^  and  by  using  the 
proper  relays,  transmission  lines  could  be  connected  in 
parallel  by  groups,  in  loop  or  ring  fashion,  or  as  a  net- 
work, thus  giving  more  economical  and  better  service 
than  could  be  obtained  by  using  duplicate  radial  feeders. 
In  this  way  each  receiving  station  may  have  two  or  more 
sources  of  power;  in  case  of  trouble  on  one  line  the 
others  are  still  available,  and  yet  all  the  lines  are  in  use 
continually. 

In  order  to  make  such  operation  feasible  it  was 
evident  that  relays  must  be  devised  which  would  infall- 
ibly cut  out  a  defective  line  before  the  trouble  could 


FIG.    I — INDUCTION    TYPE    TEMPER.\TURE    REL.\Y 

spread  to  the  good  sections.  This  ideal  has  not  been 
attained,  but  enormous  steps  have  been  taken  in  that 
direction. 

The  first  protective  relays  were  of  the  solenoid 
overload  t3pe  so  constructed  that  when  excessive  cur- 
rent flowed,  a  plunger  was  lifted,  tripping  the  circuit 
breaker  mechanically,  or  accomplishing  the  same  pur- 
pose by  making  or  breaking  a  circuit  through  the  cir- 
cuit breaker  trip  coil.  This,  however,  could  be  used 
only  on  radial  lines.  In  order  to  operate  lines  in  par- 
allel, a  relay  was  necessary  which  would  operate  only 
in  case  of  trouble  with  reversal  of  power.  This  was 
brought  out  and  put  in  successful  operation,  permitting 
a  more  efficient  system  of  distribution.  Following  this, 
dififerent  types  of  relays,  both  overload  and  reverse 
power,  were  produced.  Most  of  these  have  given  a 
fair  degree  of  satisfaction,  but  the  induction  type  has 
proven  itself  to  be  the  most  satisfactory  and  has  prac- 
tically superseded  the  others.  Constant  effort  has  been 
put  forth  toward  improving  these  relays  and  now  their 
accuracy  and  permanence  of  calibration  enable  operat- 
ing conditions  to  be  obtained  which  approach  the  ideal. 


Ways  and  means  of  attaining  this  degree  of  protection 
have  been  described  in  former  articles.* 

Besides  developing  relays  for  the  purpose  of  pro- 
tecting lines  in  case  of  trouble,  considerable  study  has 
been  devoted  to  other  phases  of  protection.  Relays  are 
now  available  which  furnish  adequate  protection  against 
overheating,  power  reversal,  over  or  under-voltage  and 
phase  reversal.  Auxiliary  relays  have  also  received 
their  share  of  attention,  the  most  important  develop- 
ment among  these  being  the  direct  trip  or  transfer  re- 
lay, which  enables  the  use  of  current  directly  from  the 
secondary  of  the  series  transformer  for  tripping, 
thereby  obviating  the  necessity  of  an  auxiliaiy  direct- 
current  control  circuit. 

TEMPERATURE    RELAYS 

When  a  piece  of  electrical  apparatus  is  subjected  to 
abnormal  load  conditions,  overheating  takes  place  and 
it  is  the  purpose  of  the  temperature  relay  to  disconnect 
this  apparatus  from  the  remainder  of  the  circuit  before 
any  harm  is  done.  It  is  not  desirable  to  disconnect  the 
apparatus  upon  a  momentary  overload  nor  if  there  is 


FIG.    2 — MOVINT.-COIL    TYPE    TEIIPER.ATURE    RELAY 

any  jiossibility  of  the  overload  being  removed  before  the 
temperature  reaches  a  dangerous  value.  Therefore  in 
order  to  fulfill  all  rec|uirements  the  relay  must  operate 
only  upon  a  combination  of  high  temperature  and  excess 
current.  Several  schemes  have  been  tried  and  have 
been  put  in  operation  with  varying  degrees  of  success. 
Relays  have  been  built  using  some  material  which 
expands  upon  a  ri.se  in  temperature  and  so  arranged 
that,  after  a  definite  time,  a  circuit  is  closed  by  the 
expanding  element,  thus  opening  the  circuit  breaker. 
Mercuiy  is  sometimes  used  for  this  purpose  but  a  bi- 
metallic element,  consisting  of  strips  of  brass  and  steel 
rigidly  fastened  together,  is  usually  employed.  This  of 
course  gives  a  good  time  lag  but  has  the  disadvantage 
that  it  is  very  difficult  to  get  consistent  operation.  The 
arrangement  is  usually  such  that  a  current  proportional 
to  the  load  current  flows  through  a  small  heater  located 


*"The  Protection  of  Transmission  Circuits  by  Relays'', 
by  F.  E.  Ricketts,  in  the  Journal  for  April  '14,  p.  227.  "The 
Selective  Time  Element  of  Relays",  by  Paul  MacGahan  in  the 
Journal  for  March  '15,  p.  91.  "Reverse  Power  Relays",  by 
Paul  MacGahan  and  B.  H.  Smith  in  the  Journal  for  Sept.  '15, 
p.  417.  "The  Use  of  Protective  Relays  on  Alternating-Current 
Systems"  by  L.  N.  Crichton  in  the  Journal  for  July  '16,  p.  339. 
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in  the  relay  which,  if  the  rela\-  element  has  the  same 
temperature  gradient,  gives  the  same  temperature  con- 
dition as  that  of  the  apparatus  to  be  protected.  Another 
scheme  was  to  use  a  metal  which  loses  its  magnetism 
upon  an  excessive  rise  in  temperature,  but  difficulties 
were  encountered  and  the  device  proved  unsatisfactory 
in  operation. 
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For  protection   against   simultaneous   overloads  and 
excessive  temperatures 

Finally  a  type  was  developed  which,  by  using  the 
Wheatstone  bridge  principle,  eliminates  the  difficulties 
present  with  those  operating  on  the  other  principles.  A 
Wheatstone  bridge  is  made  to  take  the  drop  across  the 
main  field  windings  of  the  relay  as  shown  in  Fig.  3. 
Two  arms  of  this  bridge  are  of  unchanging  resistance 
and  the  other  two  are  formed  by  copper  search  coils 
arranged  to  be  embedded  in  the  apparatus  to  be  pro- 
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FIG.   4 — CONNECTIONS    OF    TEMPERATURE    RELAY 

For  protection  against  excessive  temperatures.  If  the 
auxiliary  relay  is  used  to  trip  the  circuit  breaker,  leads  M  and 
Q  are  connected  to  one  side  of  the  trip  circuit  and  leads  R  and 
5"  to  the  other  side. 

tected.    It  is  evident  tliat  the  temperature  of  the  search 
coils  will  depend  on  three  things : — 

I — The  temperature  of  the  substance  surrounding  the  coils. 

2 — The  current  flowing  at  that  particular  instant. 

3 — The  heat  which  has  been  generated  in  a  previous  over- 
load but  which  has  not  yet  been  dissipated. 

Thus  all  conditions  are  taken  care  of  whether  it  is 
a  large  overload  for  a  small  interval  of  time,  a  small 
overload  for  a  longer  interval  of  time  or  excessive  over- 


loads occuring  at  frequent  intervals  so  as  finally  to  cause 
a  dangerous  temperature  rise.  Then,  since  the  resis- 
tance of  these  search  coils  depends  upon  their  tempera- 
ture, the  current  flowing  in  the  conventional  galvanom- 
eter circuit  is  governed  by  the  temperature  of  the  ap- 
paratus to  be  protected.  Therefore  if  the  main  winding 
of  an  excess  current  relay,  arranged  to  operate  at  very 
low  current,  is  substituted  for  the  galvanometer  a  relay 
is  obtained  whose  action  depends  upon  the  temperature 
rise  of  the  protected  apparatus.  Also  if  connec- 
tions are  made  as  in  Fig.  3  the  operation  of  the 
relay  depends  also  upon  the  current  flowing  in  the  ap- 
paratus. Nor  will  it  operate  on  the  elTect  of  either 
alone,  but  only  upon  a  combination  of  the  two. 

The  resistance  of  the  search  coils  is  so  chosen  that 
when  a  definite  temperature  is  reached  they  have  a  re- 
sistance which  balances  the  bridge  arms.  For  tempera- 
tures below  this  critical  value,  the  torque  is  in  the  con- 
tact-opening direction  of  the  relay  while  for  those  above 
it,  the  torque  is  in  the  contact-closing  direction. 
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FIG.    5 — INTERNAL    CONNECTIONS    OF    W.\TT   RELAY 

In  case  of  excessive  temperatures  caused  by  an 
overload,  the  operation  is  as  follows: — Assuming  that 
the  apparatus  is  operating  under  normal  conditions  and 
an  overload  occurs,  the  current  flowing  in  the  bridge 
circuit  increases,  and  the  current  in  the  excitation  cir- 
cuit of  the  relay,  which  is  in  parallel  with  the  bridge,  in- 
creases proportionately.  But  since  the  resistances  of 
the  search  coils  are  the  same  as  of  the  other  two  arms, 
no  change  in  current  value  takes  place  in  the  main  field 
windings  (the  galvanometer  circuit)  of  the  relay.  If 
the  overload  persists,  however,  the  temperature  of  the 
apparatus  goes  up,  increasing  the  resistance  of  the 
search  coils  and  thereby  increasing  the  current  flow  in 
the  main  field  windings  of  the  relay.  Should  these  con- 
ditions continue,  the  current  in  the  relay  will  grow 
larger  as  the  temperature  rises  until  finally  it  becomes 
sufficient  to  trip  the  circuit  break  tr.  If  the  overload 
should  increase  in  the  meantime,  it  would  produce  the 
added  eflfect  of   increased  current  flow  in  the  bridge 
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circuit,  which  is  highly  desirable,  causing  as  it  would 
quicker  operation.  Should  the  overload  be  removed  be- 
fore the  relay  operates  the  excitation  will  decrease  and 
also  the  current  in  the  bridge  will  decrease  to  such  an 
extent  that  the  unbalance  will  not  force  sufficient  cur- 
rent through  the  relay  to  cause  it  to  operate. 

This  device  is  connected  directly  to  the  current 
transformer  in  the  main  circuit  and  the  two  unchanging 
bridge  arms  are  enclosed  in  the  relay  case.  The  relay 
is  of  the  overload  induction  type  with  special  low  cur- 
rent windings  and  is  provided  with  a  time  adjustment. 
As  shown  in  Fig.  i,  it  is  enclosed  in  a  metal  case  with 
glass  cover  and  arranged  for  standard  switchboard 
mounting.  Its  contacts  will  open  five  amperes  satisfac- 
torily and  it  can  be  provided  with  an  internal  contactor 
switch  for  larger  tripping  currents.  The  relay  is  in- 
tended to  protect  stationary  apparatus  but  may  be  used 
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(a) — Using  one  relay  and  Y  box  for  a  three-phase  balanced 
circuit,  (b) — Using  three  relays  for  a  three-phase  unbalanced 
circuit. 

to  protect  any  alternating-current  apparatus  in  which 
search  coils  can  be  properly  installed. 

There  is  another  type  for  use  with  a  small  copper 
search  coil  which  may  be  embedded  in  the  windings  of  a 
rotating  machine.  It  operates  on  the  same  principle  as 
the  device  described  above  except  that  one  search  coil 
and  three  unchanging  bridge  arms  are  used  and  a  direct- 
current  relay  is  connected  across  these  as  shown  in  Fig. 
4.  An  auxiliary  direct-current  control  circuit  is  used 
as  a  source  of  operating  current  and  the  resistance  of 
the  search  coil  is  so  chosen  that  the  bridge  balances  at 
the  critical  temperature  of  the  machine.  At  this  critical 
temperature  the  relay  operation  is  independent  of  the 
voltage  but  at  all  other  temperatures  the  accuracy  of 
the  relay  depends  upon  the  voltage  of  the  auxiliary  cir- 
cuit. Therefore  it  is  calibrated  at  two  voltages  repre- 
senting the  extreme  operating  voltages  of  the  circuit. 

In  operation  this  scheme  differs  from  the  other  in 


that  it  is  controlled  only  by  the  temperature  of  the  ap- 
paratus to  be  protected.  As  in  the  other  type  a  rise  in 
temperature  unbalances  the  bridge  causing  sufficient 
current  to  flow  in  the  relay  to  operate  it.  The  relay  is 
of  the  standard  moving-coil  type,  having  its  field  pro- 
duced by  an  electromagnet  the  coil  of  which  is  con- 
nected across  the  auxiliary  circuit.  Special  windings 
are  provided  making  the  relay  sensitive  to  small  changes 
in  current.     Views  of  the  relay  are  shown  in  Fig.  2. 

Owing  to  the  great  sensitiveness  of  this  type  of  re- 
lay, small  contacts  are  required,  and  it  is  necessary  to 
use  an  auxiliary  relay  connected  as  shown  in  Fig.  4. 
The  relay  is  provided  with  two  contacts  which  close  at 
definite  values  of  high  or  low  temperature.  The  auxili- 
ary relay  is  so  arranged  that  connections  may  be  made 
to  a  voltage  regulator  which  it  controls  and  the  temper- 
ature of  the  machine  is  controlled  by  changing  the  volt- 
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FIG.   7 — CHARACTERISTIC   LOAD-TIME   CURVES   OF   WATT   RELAY 

Showing  the  effect  of  various  time  lever  settings  and  the 
range  of  adjustment  which  is  available  in  setting  the  relay,  to 
prevent  operation  on  momentary  overloads. 

age  supplied.  This  auxiliary  relay,  while  arranged  with 
connections  for  a  voltage  regulator,  may  be  used 
to  trip  a  circuit  breaker.  The  temperature  relay  may 
also  be  arranged  so  that  the  low  side  is  not  used. 

Both  these  devices  provide  a  simple  means  of  pro- 
tection against  overheating,  are  easy  to  adjust  and  ad- 
justments once  made  are  permanent. 

THE   WATT   RELAY 

The  ordinary  reverse  power  relay,  as  used  to  pro- 
tect incoming  ends  of  transmission  lines,  will  operate 
on  a  reversal  of  power  provided  there  is  sufficient  cur- 
rent to  actuate  the  overload  element.  But  in  order  to 
prevent  it  from  operating  on  small  momentary  reversals 
which  are  apt  to  occur  at  any  time,  the  current  setting 
of  this  overload  element  must  be  made  comparatively 
high.  There  is  a  demand  for  a  unidirectional  relay  which 
will  close  its  contacts  on  a  power  reversal  at  low  cur- 
rent; but  in  order  to  adapt  a  standard  reverse  power 
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relay  to  this  service  an  impractical  design  of  the  over- 
load element  is  necessarj',  to  allow  the  full-load  current 
in  the  normal  direction  to  flow.  Yei  the  need  for  such 
a  relay  is  apparent.  For  instance,  a  company  using  a 
large  amount  of  power  has  a  smnll  plant  capable  of 
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FIG.   8 — CONNECTIONS   OF   VOLT.VGE   RELAY 

carrying  only  part  of  the  load,  the  remainder  being 
bought  from  a  distributing  system.  The  two  are  con- 
nected in  parallel  and  in  case  the  larger  plant  is  shut 
down  it  is  necessary  to  prevent  the  smaller  plant  from 
trying  to  take  its  load.  Such  a  condition  would  of 
course  cause  a  reversal  of  power  on  the  customer's  in- 
coming line.  If  .standard  reverse  power  relays  are  used, 
an  excessive  flow  of  power  is  necessarj'  in  order  to 
cause  them  to  trip  out  the  circuit  breaker.  The  volt- 
age will  be  approximately  normal  and  3'et  sufficient  cur- 
rent will  have  to  flow  to  operate  the  overload  element. 
This  difficulty  can  be  overcome  by  using  an  induc- 
tion relay  having  a  watt  element  acting  upon  a  single 
disc  damped  by  permanent  magnets.  This  gives  the 
combined  effect  of  normal  voltage  and  reverse  current 
acting  upon  a  single  element,  thus  requiring  a  smaller 
current  to  operate  it.  Nor  will  it  close  its  contacts  upon 
a  comparatively  small  momentary'  reversal.  Such  a  re- 
lay has  recently  been  developed,  haying  an  adjustable 


shown  in  Fig.  6  (a),  with  two  reactances  of  proper  value 
connected  in  star  with  the  voltage  coil  of  the  relay. 

This  relay  is  calibrated  in  watts  and  taps  are 
brought  out  from  the  current  coils  and  carried  to  a 
seven  hole  terminal  block,  so  that  by  inserting  the  con- 
tact screw  in  any  one  of  these  holes  the  relay  will  oper- 
ate when  a  corresponding  amount  of  power  flows. 
Thus  by  the  proper  selection  of  instrument  transform- 
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FK;.    id — CHARACTERISTIC  CURVES      FIG.    II — CHARACTERISTIC  CURVES 
OF    UNDER- VOLTAGE   REL.\Y  OF   OVER- VOLTAGE   RELAY 

Showing  variations  with  time  scale   settings.     Normal  voltage- 
of  circuit,  no  volts. 

ers,  the  relay  may  be  set  to  operate  for  any  reasonable 
value  of  power  flow  in  the  main  circuit.  The  figures 
on  the  terminal  block  represent  the  minimum  watts  at 
which  it  will  operate  but,  at  an\'  power  setting,  the  time 
of  operation  will  be  inversely  proportional  to  the  power 
flow. 

The  watt  relay  is  also  provided  with  a  time  adjust- 
ment controlled  by  a  lever,  which  limits  the  motion  of 
the  disc,  therefore  the  distance  the  contacts  travel  be- 
fore closing.  This  lever  moves  over  a  scale  divided 
into  ten  arbitrary  divisions  and  by  reading  the  values 
from  the  characteristic  curves  shown  in  Fig.  7,  any  de- 
sired time  setting  may  be  obtained.  These  curves  show 
the  time  of  operation  for  diiferent  percentages  of  power 
settings  with  the  lever  set  at  10,  5  and  i  on  the  scale. 
Such  a  relay  operates  on  a  small  reversal  of  power  and 
may  be  set  for  any  desired  value  of  time  or  power.  The 
time  adjustment  is  particularly  desirable  since  it  is  ne- 
cessar}'  to  prevent  operation  on  momentary  reversals. 
Except  for  name  plate  marking  this  relay  presents  the 
same   appearance   as   the   temperature   rela}'   shown   in 


FIG.   t) — INDUCTION    TYPE   VOLTAGE   RELAY 

range  of  from  50  to  300  watts,  w^hich  fulfills  all  ordi- 
nary requirements.  The  internal  connections  of  this 
relay  are  shown  in  Fig.  5  while  Fig.  6  shows  how  it  is 
connected  into  the  circuit.  One  relay  is  required  for  a 
single-phase  circuit,  two  for  a  two-phase  circuit  and 
three  for  a  three-phase  unbalanced  circuit.  If  a  three- 
phase  circuit  is  balanced  a  single  relay  may  be  used  as 


FIG.    12 — VOLTAGE-OPERATED,    CIRCUIT-CLOSING   TYPE   OF    REVERSE 
PHASE  RELAY 

Fig.  I.  It  has  all  the  desirable  characteristics  of  an 
indtiction  type  relay  and  once  adjusted  requires  no 
further  attention,  other  than  inspection. 

VOLTAGE  RELAYS 

When  a  piece  of  electrical  apparatus  is  designed  to- 
operate  at  a  specified  voltage,  it  is  of.en  necessary  to- 
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■disconnect  it  from  the  source  of  power,  should  the  voh- 
age  rise  above  or  fall  below  certain  predetermined 
points.  This  is  most  conveniently  done  by  using  a  re- 
lay, such  as  shown  in  Fig.  9,  to  close  the  tripping  cir- 
cuit of  the  circuit  breaker.  This  relay  is  of  the  in- 
duction type,  having  a  time  element  controlled  by  per- 
manent magnets  acting  upon  the  disc  of  the  moving 
element.  The  winding  is  the  same  as  the  ordinary  in- 
duction-type overload  relay,  except  that  voltage  instead 
of  current  windings  are  used.  The  torque  compensa- 
tor and  terminal  block  are  omitted,  so  the  relay  is  not 
adjustable  after  calibration,  as  regards  voltage.  It  is 
of  the  circuit  closing  type  having  silver  contacts  capable 
of  tripping  currents  up  to  five  amperes.  For  currents 
in  excess  of  this  a  special  internal  contactor  switch  may 
be  used  which  will  interrujit  currents  as  high  as  twenty 
amperes.  It  is  calibrated  so  that  it  will  close  its  con- 
tacts at  any  specified  voltage,  either  above  or  below  a 
definite  value,  provided  this  value  is  not  outside  the 
limits  of  adjustment.  Closing  values  usually  chosen  are 
70 percent  normal  and  130  percent  normal  for  undervolt- 
age  and  overvoltage  service.  A  time  adjustment  is  also 
provided  which  is  the  same  as  that  on  the  watt  relay. 
Connections  are  shown  in  Fig.  8.     A  potential  trans- 
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former  is  necessary  for  circuits  higher  than  220  volts. 
With  the  undervoltage  relay,  connections  are  made  in 
such  a  way  that  the  torque  is  in  the  contact  opening  di- 
rection while  with  the  overvoltage  type  the  torque  is  in 
the  opposite  direction.  In  the  former  case  the  contacts 
are  closed  when  the  tension  of  the  disc  spring  overcomes 
the  torque,  while  in  the  latter  type  the  torque  is  made 
to  overcome  the  spring  tension.  In  both  cases  the  disc 
is  so  constructed  that  the  torque  is  proportional  to  the 
spring  tension,  thus  giving  the  correct  time  element. 
Curves  showing  the  characteristics  of  the  overvoltage 
type  are  shown  in  Fig.  11,  and  Fig.  10  shows  the  char- 
acteristics of  the  undervoltage  type. 

REVERSE  PHASE  RELAY 

Reversing  any  two  wiies  of  a  three-phase  motor 
circuit,  or  the  wires  of  either  phase  of  a  two-phase  mo- 
tor circuit  will  cause  the  direction  of  rotation  of  the 
motor  to  be  reversed.  Such  a  reversal  may  occur  at 
any  time  due  to  an  interchange  of  conductors  while  re- 
pairs are  being  made  to  the  line  between  the  motor  and 
source  of  power.  This  may  also  occur  due  to  repairs 
or  changes  being  made  in  the  switching  and  controlling 
apparatus.  In  any  case  the  direction  of  rotation  of  the 
motor  will  be  changed  and,  when  driving  certain  classes 


of  machinery,  such  a  condition  may  lead  to  disastrous 
results. 

It  is  the  function  of  the  reverse  phase  relay  to  open 
the  circuit  should  such  a  condition  occur,  and  prevent 
injury  to  the  operator,  machineiy  or  manufactured  pro- 
duct. Such  a  relay  is  shown  in  Fig.  12.  It  is  of  the 
voltage  operated,  circuit-closing  type  and  is  built  for 
either  two  or  three-phase  operation.  The  arrangement 
of  the  electrical  and  magnetic  circuits,  for  both  the  two 
and  three-phase  types  is  shown  in  Fig.  13.  As  can  be 
seen  the  electrical  element  of  the  relay  is  composed  of  a 
laminated  steel  electromagnet  the  coils  of  which  are 
connected  across  the  phases  as  shown.  A  diagram  of 
the  external  connections  is  shown  in  Fig.  14.  The  coils 
are  so  arranged  that  a  rotating  field  is  set  up,  which  acts 
upon  a  disc,  placed  in  the  air  gap  of  the  electromagnet, 
producting  a  toniue  in  a  direction  dependent  upon  the 
direction  of  phase  rotation.  Thus  by  properly  connect- 
ing the  relay  the  contacts  are  held  open  until  a  reversal 
of  phase  occurs,  when  the  relay  trips  the  circuit  breaker. 

The  relay  is  mounted  in  a  dust  proof  metal  case 
with  glass  cover  and  is  provided  with  the  necessary 
studs    for    switchboard    mounting.     Its    contacts    will 
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FIG.    14 — EXTERNAL    CONNECTIONS    OF    REVERSE    PHASE    RELAY 

For  two-phase  circuits  on  the  left  and  three-phase  on  the  right. 

handle   five   amperes   tripping  current,   but   for  higher 
values  an  auxiliary  switch  must  be  used. 

THE  TRANSFER  RELAY 

At  times  when  there  is  no  source  of  direct  current 
for  tripi)ing  puriioses,  it  is  necessary  to  trip  the  circuit 
breaker  by  means  of  current  taken  from  a  series  trans- 
former on  the  main  line.  In  order  to  satisfy  such  re- 
quirement a  device  known  as  the  "direct  trip  attach- 
men"  was  developed.  The  arrangement  of  its  magnetic 
and  electrical  circuits,  as  .shown  in  Fig.  15,  is  as  follows. 
At  the  bottom  of  the  circuit  breaker  trip  coil  is  attached 
an  iron  yoke  having  two  coils,  one  known  as  the  hold- 
ing coil  which  is  constructed  of  a  relatively  small  num- 
ber of  turns  of  large  wire  and  the  other  known  as  the 
releasing  coil,  which  is  composed  of  a  great  many  turns 
of  small  wire.  The  holding  coil  is  connected  in  series 
with  the  circuit  breaker  trip  coil  and  the  current  coil  of 
the  primary  relay,  all  being  connected  in  the  second- 
ary of  the  current  transformer.  The  releasing  coil  is 
connected  across  the  contacts  of  the  primar\-  relay. 

At  normal  operation  the  position  of  the  trip  coil 
plunger  is  as  shown  in  the  diagram.  So  long  as  the  re- 
leasing coil  circuit  is  open  the  plunger  will  remain  in 
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this  position,  the  upper  or  trip  coil  having  an  inductive 
shunt  connected  across  its  terminals  to  prevent  its  pull 
becoming  too  great  at  high  currents.  As  soon,  however, 
as  trouble  occurs  on  the  line  and  closes  the  primarj-  re- 
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FIG.    15 — CONNECTIONS    OF   DIRECT   TRIP    ATTACHMENT    TO 
CIRCUIT   BREAKERS 

Showing  electrical  and  magnetic  circuits. 

lay  contacts,  thus  short-circuiting  the  releasing  coil,  a 
transformer  action  is  set  up  which  demagnetizes  the 
lower  yoke  and  allows  the  trip  coil  to  lift  the  plunger 
and  trip  the  circuit  breaker.  This  device  operates  very 
satisfactorily  but  has  the  disadvantage  that  it  must  be 
mechanically  connected  to  the  circuit  breaker.     Quite  a 


FIG.    16 — TRANSFER   RELAY 

Used  to  trip  the  circuit  breaker  by  electrical  rather  than 
mechanical  means. 

little  trouble  is  experienced  in  attaching  it  to  some  types, 
and  in  order  to  overcome  this  difficulty  another  device 
known  as  the  "direct  trip  relay"  or  "transfer  relay"  was 
developed.  This  relay  operates  on  the  same  principle 
as  the  direct  trip  attachment,  the  only  difference  being 


that  a  yoke  with  the  upper  coil  is  substituted  for  the 
circuit  breaker  trip  coil  and  the  plunger  rod  is  made  to 
operate  a  transfer  switch  which  shunts  the  secondary 
current  of  the  series  transformer  through  the  circuit 
breaker  trip  coil,  when  the  primary  or  overload  relay 
closes  its  contacts.  A  view  of  this  relay  is  shown  in 
Fig.  16  and  the  method  of  connecting  it  to  a  three-phase 
circuit,  using  one  trip  coil  and  three  transfer  relays  is 
shown  in  Fig.  17.  The  arrangement  of  the  magnetic 
circuit  and  internal  connections  may  also  be  seen  from 
Fig.  17. 

The  transfer  switch  used  in  this  relay  is  of  the  slid- 
ing type  with  large  copper  contacts  and  performs  the 
shunting  operation  without  opening  the  secondary  cir- 
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FIG.    17 — INTERNAL  AND  EXTERNAL  CONNECTIOfJS   OF 
TRANSFER   RELAY 

Showing  transfer  switch  in  tripping  and  in  normal  position. 
The  switch  is  shown  in  schematic  rather  than  actual  form.  In 
the  normal  position,  current  passes  from  the  upper  right  to  the 
lower  left  terminals  and  from  the  upper  left  to  the  lower  right 
terminals,  the  two  circuits  being  insulated  from  one  another. 

cuit  of  the  series  transformer.  It  will  handle  trouble 
current  for  all  conditions  of  short  circuit  and  is  self  re- 
set after  an  operation.  The  transfer  relay  is  rated  at 
five  amperes  and  will  operate  with  four  amperes  flow- 
ing in  the  series  transformer  secondary,  provided  the 
releasing  coil  is  short-circuited,  but  unless  this  is  done 
the  relay  will  not  operate  regardless  of  the  current  flow- 
ing. By  using  this  transfer  relay  all  the  difficulties  ex- 
perienced in  making  the  mechanical  connection  between 
the  circuit  breaker  and  direct  trip  attachment  are  elimi- 
nated. The  only  connection  is  an  electrical  one  and 
the  relay  may  be  mounted  on  the  switchboard  in  any 
desired  location. 
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SERIES  STREET  LIGHTING  systems  have  been 
operated  at  various  currents,  ranging  from  1.75 
amperes  with  carbon  incandescent  lamps  to  20 
amperes  with  some  of  tlie  flame  carbon  lamps.  The 
ratings  chosen  with  arc  lamps  varied  with  the  different 
types  as  developed  to  secure  the  best  operation  of  the 
lamp  mechanism  and  electrodes,  and  to  secure  the 
amount  of  light  desired.  The  current  ratings  most  com- 
monh-  in  use  in  this  country  were  chosen  to  meet  arc 
lamp  development  as  follows  : — 

4.     amperes  metallic   flame  arc   requiring   direct   current. 

5.5  amperes  enclosed  carbon  arc. 

6.6  amperes  open    carbon,    enclosed    carbon    and    metallic 

flame  arc. 
7.5  amperes  enclosed  carbon  arc. 
g.6  amperes  open  carbon  arc. 
10.     amperes  flame  carbon  arc. 

The  only  incandescent  lamps  used  in  any  quantity 
for  street  lighting  at  the  present  time  are  Mazda  C, 
which  are  regularly  furnished  in  current  ratings  of  from 
3.5  to  y.^  amperes  and  in  sizes  fronr  60  to  600  candle- 
power.  There  are  also  the  400  candle-power,  15  am- 
pere and  600  and  1000  candle-power  20  ampere  lamps 
intended  to  be  operated  by  an  autotransformer  from  the 
standard  line  current. 

The  choice  of  line  current  for  a  Mazda  system  is 
affected  very  often  by  the  machinery  already  on  hand, 
which  has  been  used  to  supply  current  to  arc  lamps  and 
by  the  supply  of  street  series  lamps  already  on  hand. 
Many  of  these  systems  can  be  changed  over  from  cur- 
rent ratings  of  3.5  or  4  amperes  to  ratings  of  6.6  or  7.5 
amperes,  so  that  lamps  more  desirable  from  an  operat- 
ing and  manufacturing  standpoint  may  be  used. 

The  mechanical  strength  of  the  line  rather  than  its 
resistance  or  current  capacity  usually  determines  the 
size  of  the  wire.  The  curves  in  Fig.  i  are  based  on  an 
arbitrary  assumption  of  a  circuit  having  an  average 
spacing  of  500  ft.  for  the  lamps  and  using  No.  6  wire. 
They  show  that,  with  the  small  lamps,  for  example  the 
60  candle-power,  the  proportion  of  the  line  loss  is  rela- 
tively high,  indicating  at  once  the  desirability  of  using 
as  large  lamps  as  can  profitably  be  employed. 

INCANDESCENT   LAMP   FEATURES 

Street  series  lamps  are  rated  to  burn  1350  hours 
under  test  conditions,  this  basis  being  calculated  to  give 
the  most  light  for  the  cost  of  power  and  lamp  renewals 
entering  into  the  expense  of  light.  The  candle-power 
rating  is  arbitrarily  given  as  10  percent  of  the  total 
lumens  emitted  by  the  filament.     The  lumens  are  meas- 


faclor  with  usual  arrangements  of  filament  is  approxi- 
mately 79.5  percent. 

With  a  fixed  candle-power,  current  and  life 
rating,  the  voltage  of  the  latnp  is  determined  by  experi- 
ment and  the  lamp  so  rated.  For  low  current, 
a  relatively  small  diameter  filament  is  used.  The 
radiating  surface  of  the  filament  is,  therefore, 
comparatively  large,  causing  the  loss  of  energy  as 
heat  carried  off  through  the  gas  in  the  lamp.  By  using 
large  currents,  larger  filament  may  be  used  and  radia- 
tion be  reduced.  By  reason  of  this  fact,  the  efficiency 
of  the  6.6  amperes  100  candle-power  lamp  is  20  per- 
cent higher  than  that  of  the  75  watt,  no  volt  lamp,  giv- 
ing approximately  the  same  candle-power.  Similarly, 
the  600  candle-power  20  ampere  lamp  has  26  percent 
higher  efficiency  than  the  no  volt  400  watt  lamp  of  ap- 
proximately the  same  candle-power. 

However,  the  design  of  lamps  involving  the  use  of 
high  current  and  filaments  of  large  diameters  and  short 
length  cannot  be  carried  to  an  extreme,  for  the  reason 
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FIG.    I — REL.ATIDN    OF    LUMENS    PER   WATT   TO    LINE   CURRENT   OF 
SERIES    STREET  LAMPS 

For  6o  250  and  600  candle-power  lamps.  The  line  loss  is 
made  up  of  500  feet  of  No.  6  wire.  The  curves  for  the  600 
candle-power  lamps  include  an  autotransformer  loss  of  15  watts 
per  lamp. 

that,  if  the  filament  be  too  short  because  of  the  low 
voltage  required  across  the  lamp  terminals  to  give  the 
required  wattage,  an  undue  proportion  of  energy  will  be 
lost  as  heat  conducted  away  through  the  leading-in 
wires.  The  curves  show  the  effect  of  these  factors  in 
the  ratings  of  the  standard  lamps.  They  also  show  the 
great  desirability  of  using  not  less  than  60  candle- 
power  per  lamp,  because  in  smaller  sizes  not  only  is  the 
lamp  design  much  poorer,  but  the  percentage  of  the  line 
loss  rapidly  increases. 

STANDARDIZATION 

For  simplicity  in  operation,  manufacturing  and  the 


ured  by  means  of  a  spherical  photometer,  this  being  carr}-ing  of  stock,  one  single  current  is  desirable  for  all 

the  only  method  of  measuring  Mazda  C  lamps  consist-  systems.     For  general  purposes,  the  6.6  or  7.5  ampere 

ently.     Assuming  that  the  rated  candle-power  is  equiva-  systems  meet  these   requirements  best.     Much  of   the 

lent  to  the  mean  horizontal  candle-power,  the  reduction  distribution  apparatus  used  with  street  lighting  systems 
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for  enclosed  carbon  arc  lamps  and  Mazda  B  lamps  is  of 
this  rating,  the  6.6  ampere  predominating.  It  is,  there- 
fore, highly  advisable  now  that  the  lamps  are  standard- 
ized to  a  great  extent  that  central  stations  operating  odd 
ratings  use  every  effort  to  change  them  to  standard. 
The  coils  of  regulators  and  their  instruments  can  be 


changed  with  relatively  small  difficulty.  The  equipment 
of  shunt  coils  and  transformers  for  an  adjuster  socket 
system  are  only  slightly  more  difficult  to  change.  By 
changing  one  circuit  at  a  time,  the  old  lamps  can  be 
used  up  on  remaining  circuits,  so  that  practically  none 
will  have  to  be  discarded. 
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THAT  A  PROTECTIVE  LIGHTING  SYSTEM 
is  necessary  as  a  means  of  defense  against  pos- 
sible attempts  by  enemy  agents  to  damage  the 
plant  is  generally  admitted,  and  there  are  now  verv  few 
factories  engaged  directly  or  indirectly  in  manufactur- 
ing materials  for  the  Government  which  have  not  in- 
stalled additional  lighting  units  in  and  about  the  plant 
in  order  to  make  it  easier  to  guard  the  premises  at  night. 
This  problem  of  lighting  the  grounds  and  buildings  for 
protection  was  a  new  one  to  most  plants,  however,  and 
as  it  was  one  which  had  to  be  solved  in  a  hurry,  it  is 
not  surprising  that  the  best  results  were  not  always  ob- 
tained and  that  many  of  these  protective  lighting  in- 
stallations are  not  as  effective  aids  to  the  guards  as  they 
might  be. 

It  is  evident  that,  if  there  were  no  lighting  for  pur- 
poses of  protection,  it  would  be  almost  impossible  for 
the  guards  to  detect  and  prevent  attempts  to  damage 
the  i)lant  hut,  unfortunately,  it  is  not  quite  so  evident  to 
the  average  man  that  the  installation  of  additional  light- 
ing units,  without  regard  to  the  glare  they  produce  or 
the  way  in  which  the  light  is  distributed  over  the  area 
to  be  guarded,  may  result  in  the  condition  which  is 
practically  as  bad  as  no  light  at  all.  Simply  lighting  up 
the  factory  grounds  at  night  cannot  be  counted  upon  to 
scare  oft'  a  determined  and  intelligent  enemy  agent,  and 
the  system  should,  therefore,  be  designed  to  afford  maxi- 
mum assistance  to  the  guards  in  their  work  of  detecting 
suspicious  activities  about  the  plant. 

To  be  effective,  a  protective  lighting  system  should 
illuminate  the  areas  to  be  guarded  in  such  a  wav  that 
the  guards  can  see  what  is  going  on,  preferably  without 
being  themselves  revealed,  and  should  also  illuminate  an 
area  around  the  boundaries  of  the  plant  so  that  no  one 
may  gain  access  to  the  grounds  without  being  detected. 
Also,  the  system  should  be  so  installed  that  the  possi- 
bility of  failure  at  a  critical  time  is  reduced  to  a  mini- 
mum. Just  what  type  of  lighting  units  should  be  used 
to  accomplish  these  results  and  where  and  how  they 
should  be  installed  depends  entirely  on  local  conditions 
and  it  is  impossible  to  develop  a  standardized  form  of 
installation  which  can  be  used  everywhere. 

An  analysis  of  protective  lighting  systems  which  do 
not  give  a  proper  measure  of  protection  shows,  how- 


ever, that  this  is  usually  due  to  definite  and  easily  rec- 
ognized faults  and  it  is  the  purpose  of  this  article  to 
point  out  some  of  the  more  commonly  found  faults  and 
to  suggest  remedies.  Many  times  an  inspection  of  the 
lighting  system  made  from  the  outside  of  the  plant  re- 
veals the  fact  that  the  lighting  units  have  been  installed 
in  such  a  way  that  the  guards  on  fixed  posts  are  sta- 
tioned in  brightly  lighted  areas  or  that  guards  have  to 
cross  brightly  lighted  areas  in  making  their  rounds. 
Such  conditions  should  be  avoided  as  far  as  possible, 
not  only  because  the  guards  are  then  ver\'  conspicuous 
but  also  because  it  is  always  hard  for  a  man  in  a  brightly 
lighted  area  to  see,  clearly,  objects  which  are  in  the  sur- 
rounding darker  area,  and  the  work  of  the  guards  is 
therefore  made  more  difficult. 

In  most  cases  fixed  posts  do  not  have  to  be  located 
directly  tmder  lamps,  as  they  frequently-are,  but  can  be 
located  far  enough  away  from  the  lamp  so  that  the 
guard  is  in  comparative  darkness.  If,  however,  condi- 
tions are  such  that  the  guard  must  be  stationed  near  a 
lamp,  for  instance  at  an  entrance,  the  lamp  may  be 
equipped  with  an  opaque  reflector  of  an  angle  type 
turned  so  that  the  light  will  be  directed  away  from  the 
guard.  When  the  entire  factory  yard  is  well  lighted 
so  that  there  are  no  really  dark  areas  it  may  be  im- 
practical to  arrange  matters  so  that  the  guards  who  pa- 
trol the  premises  do  not  cross  lighted  areas.  Under  or- 
dinary conditions,  however,  the  distribution  of  illumina- 
tion over  the  yard  is  such  that  certain  areas  are  less 
brightly  lighted  than  others,  and  the  guards  should  walk 
in  these  areas  as  far  as  possible  in  order  that  they  may 
escape  observation  themselves  and  at  the  same  time  be 
in  a  more  favorable  position  to  see  what  is  going  on  in 
the  brightly  lighted  areas. 

A  survey  of  the  lighting  made  from  the  outside  may 
also  show  that  the  illumination  of  the  area  to  be  guarded 
is  very  non-uniform  with  large  dark  areas  and  sharply 
defined  bright  spots.  Frequently  the  dark  areas,  in 
which  a  man  might  well  escape  detection,  extend  from 
the  boundaries  of  the  plant  well  into  the  grounds,  and 
the  bright  areas  are  so  clearly  defined  that  they  could 
easily  be  avoided.  Such  a  condition  may  be  due  to  the 
fact  that  not  enough  lighting  units  are  being  used,  and 
that  they  are  too  widely  spaced,  with  the  result  that 
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the  lighted  area  is  not  continuous  but  there  are  areas 
between  lamps  which  receive  very  little  light.  Or  when 
floodlighting  units  are  employed  it  may  be  due  to  an  at- 
tempt to  cover  a  wide  area  with  a  few  projectors  which 
produce  narrow  high  intensity  beams.  This  condition 
is  always  a  particularly  bad  one  because  the  spot  of 
light  is  very  bright  and  in  great  contrast  with  the  sur- 
roundmg  darker  areas,  and  is  moreover  usually  com- 
paratively small.  When  in  such  an  area  a  man  would, 
of  course,  be  clearly  revealed,  but  when  he  steps  out  of 
the  spot  of  light  he  almost  disappears  from  view  in 
many  cases.  Frequently  an  attempt  is  made  to  widen 
the  spot  of  light  by  moving  the  lamp  out  of  the  focus  of 
the  mirror  in  the  projector.  This  will  result  in  spread- 
ing the  beam  somewhat  but  if  the  lamp  is  moved  too 
far  out  of  the  focus  of  the  projector  there  will  be  a 
dark  area  in  the  center  of  the  projected  beam  of  light 
and  the  illumination  obtained  on  the  ground  will  be 
unsatisfactor}'.  There  are  now  available  several  t>pes 
of  projectors  designed  to  produce  beams  somewhat 
wider  than  those  which  could  be  obtained  with  the  pro- 
jectors first  put  on  the  market  and  these  should  be  used 
when  a  wide  beam  of  light  is  necessary. 

With  regard  to  the  lighting  of  the  grounds,  as  con- 
sidered from  the  standpoint  of  the  guards  who  patrol 
the  premises,  it  is  frequently  found,  even  in  cases  when 
the  illumination  on  the  ground  is  reasonably  uniform 
and  apparently  of  sufficient  intensity  to  reveal  a  man, 
that  there  are,  nevertheless,  parts  of  the  area  to  be 
guarded  in  which  a  man  might  easily  escape  detection 
when  the  guard  is  at  certain  points  in  his  rounds,  al- 
though he  might  see  the  man  quite  plainly  from  another 
point.  This  condition  is  usually  caused  by  the  presence 
of  bright  unscreened  lamps  within  the  guard's  field  of 
view,  when  he  looks  toward  these  areas,  which  produce 
a  sufficient  degree  of  glare  to  make  it  difficult  and  some- 
times impossible  for  him  to  see  objects  between  himself 
and  the  lamps  which  are  producing  the  glare.  Such  a 
condition  may  be  caused  by  a  very  intense  high  candle- 
power  beam  of  light  from  a  distant  projector  or  by 
bright  unscreened  lamps  of  comparatively  low  candle- 
power  near-by.  Just  how  much  glare  can  be  tolerated 
will  depend  upon  local  conditions  but  in  most  cases 
there  will  be  found  to  be  a  surprisingly  small  amount, 
particularly  in  exterior  lighting  where  the  surroundings 
are  dark  and  the  average  illumination  is  necessarily  low, 
and  the  contrast  between  the  bright  lamps  and  the  back- 
ground is  therefore  very  great. 

For  this  reason  flood-lighting  must  be  used  very 
carefully  for  illuminating  factory  yards,  particularly 
when  the  beams  of  light  are  directed  on  the  area  to  be 
lighted  from  several  directions,  as  it  is  difficult  to  place 
the  projectors  so  that  they  will  not  produce  annoying 
glare.  This  is  particularly  true  when  local  conditions 
make  it  impossible  to  mount  the  projectors  very  high 
above  the  ground.     Glare  from  near-by  lamps  of  the 


ordinary  type  is  usually  caused  by  mounting  the  lamp 
too  low  and  using  no  reflector  or  globe,  or  a  very  flat 
type  of  reflector  which  does  not  screen  the  lamp  fila- 
ment from  the  observer's  eyes  in  an  eflfort  to  get  a  suf- 
ficiently wide  spread  of  light.  The  remedy  is  to  mount 
the  lamps  higher  and  to  equip  them  with  reflectors  of 
the  dome  type,  which  will  direct  most  of  the  light  down- 
ward and  so  materially  increase  the  illumination  in  the 
area  to  be  guarded,  over  that  which  would  be  obtained 
from  bare  lamps. 

Frequently  there  are  dark  corners  or  passage-ways 
between  buildings  which  are  so  poorly  lighted  that  it  is 
almost  impossible  to  see  into  them  and  for  this  reason 
they  are  not  carefully  inspected  by  the  guard  as  he 
makes  his  rounds.  These  places,  particularly  when  near 
buildings,  should  be  lighted  and  this  can  usually  be 
done  by  installing  small  lamps  in  reflectors.  When  it 
is  not  feasible  to  install  lamps  much  can  be  accomplished 
by  the  use  of  white  or  light  colored  paint  which  will 
provide  a  background  against  which  objects  will  be 
visible.  Too  little  attention  has  been  paid,  in  designing 
protective  lighting  systems,  to  the  possibility  of  utiliz- 
ing light  colored  backgrounds  to  improve  visibility 
where  the  illumination  is  low  because  of  the  idea  that 
protective  lighting  is  entirely  a  matter  of  lamps  and  re- 
flectors. We  see  an  object  when  the  contrast  between 
it  and  the  background  is  sufficient  to  make  it  stand  out, 
which  may  be  because  the  object  is  brighter  than  the 
background  or  because  the  background  is  brighter  than 
the  object.  When  the  object  appears  brighter  than  the 
background  it  may  be  because  more  light  falls  on  it 
than  falls  on  the  background  or  because  it  is  of  a 
lighter  color  than  the  background  and  therefore  reflects 
more  light.  Similarly,  when  the  object  appears  darker, 
the  reverse  is  true.  When  both  the  object  and  the  back- 
ground receive  practically  the  same  amount  of  light, 
the  dift'erence  in  the  amount  of  light  reflected  by  the 
object  and  by  the  background  determines  whether  or  not 
the  object  can  be  seen.  With  a  very  bright  illumination,' 
such  as  daylight,  a  small  degree  of  contrast  between  the 
object  and  the  background  would  be  sufficient  to  make 
it  visible  but  with  a  low  illumination  a  greater  degree 
of  contrast  is  necessary. 

It  is  for  this  reason  that  it  is  difficult  to  see  a  man 
in  dark  clothing  against  a  dark  background,  such  as 
the  ground  or  a  dark  colored  building,  when  the  illum- 
ination is  low.  When  such  a  condition  is  encountered, 
and  it  is  not  possible  to  increase  the  illumination  ma- 
teriall}-  it  is  sometimes  possible,  by  making  the  liack- 
ground  lighter,  to  cause  the  object  to  stand  out  against 
it.  For  instance,  in  the  case  of  an  alley  between  build- 
ings which  has  a  dark  colored  building  at  one  end, 
painting  this  building  white  would  cause  a  man  in  the 
alley  to  stand  out  quite  clearly  when  he  might  otherwise 
be  almost  invisible. 
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THERE  ARE  TWO  TYPES  of  hydraulic  pumps 
in  general  use,  one  known  as  the  centrifugal  type 
and  the  other  as  the  positive  acting  type.  Posi- 
tive acting  pumps  are  usually  of  the  piston  or  plunger 
design. 

CENTRIFUGAL   PUMPS 

A  centrifugal  pump  consists  of  a  rotating  set  of 
vanes  known  as  the  "impeller,"  located  within  a  water- 
tight housing.  The  water  enters  at  the  center  of 
the  impeller  and  is  discharged  from  the  periphery.  The 
pressure  of  the  water  depends  upon  the  revolutions  per 
minute  and  the  diameter  of  the  impeller.  The  high 
head  c  e  n  t  r  i  f  u  gal 
pump  was  not  a  suc- 
cess with  the  ordi- 
nary type  of  recipro- 
cating engine ;  it  is, 
however,  particularly 
well  adapted  for 
steam  turbine  and 
electric  motor  drive. 
Large  outputs  can  be 
obtained  from  a  re- 
latively small  pump, 
on  account  of  the 
high  speed  of  opera- 
tion. The  high  speed 
also  reduces  the 
weight  of  the  motor 
for  a  given  horse- 
power output.  The 
flow  of  water  is  con- 
tinuous, eliminating 
pulsations  which  are 
often  objectionable. 
The  amount  of  water 
pumped  and  also  the 
work    done    by    the 

motor  decreases  as  the  head  increases.  After  a  cer- 
tain maximum  hor.se-power  is  reached,  the  power  de- 
creases with  the  head. 

POSITIVE  ACTING  PUMPS 

These  pumps  consist  of  a  cylinder  with  either  a 
piston  or  a  plunger.  A  given  amount  of  water  is 
pumped  for  each  stroke  of  the  piston  or  plunger.  The 
total  volume  of  water  is  therefore  proportional  to  the 
number  of  strokes  of  the  pump.  These  pumps  are  well 
adapted  for  the  ordinary  reciprocating  steam  engine. 
When  pumps  of  this  type  are  driven  by  an  electric  mo- 
tor, it  is  necessary  to  gear  the  motor  to  a  crank  shaft  in 
order  to  convert  the  rotating  motion  of  the  motor  into 
the  reciprocating  motion  of  the  pump.     This  type  of 


pump  is  well  adapted  for  high  pressure  work,  but  is  be- 
ing largely  displaced  by  the  centrifugal  pump  for  ordi- 
nary use. 

\Mien  a  positive  acting  pump  is  connected  to  a 
long  discharge  pipe  considerable  work  is  done  in  accel- 
erating this  column  of  water  from  rest  to  the  proper 
velocity.  The  effect  is  somewhat  similar  to  a  heavy 
flywheel  on  the  motor  shaft.  In  applications  of  this 
kind,  care  should  be  taken  to  provide  a  controller  of 
sufficient  capacity  for  accelerating  a  load  with  this  large 
amount  of  inertia. 

Small   pumps   of   both   kinds   are   in   general   use. 

Many  sizes  and  types 
can  be  seen  in  ordi- 
nary hotel  or  office 
buildings,  and  often 
in  private  houses. 
They  are  used  to 
pump  drinking  water 
and  for  the  sanitary 
system.  Some  pumps 
are  used  where  the 
basement  level  is  be- 
1  o  w  the  natural 
drainage  level;  re- 
quiring the  drainage 
water  to  be  lifted  be- 
fore it  can  be  de- 
livered to  the  sewage 
system.  Larger 
pump  installations 
ma}'  be  found  in  in- 
dustrial plants,  towns 
and  cities  for  supply- 
ing the  water  re- 
quired for  these  es- 
rablishments  or  com- 
munities. Many  of 
these  pumps  are  now  driven  by  electric  motors. 

Central  station  service  is  replacing  many  of  the 
isolated  power  plants  in  buildings  and  industrial  estab- 
lishments. The  advantage  of  a  central  station  supply 
of  electric  power  is  obvious.  The  cost  of  this  power 
is  usually  less  and  most  of  the  space  occupied  by  the 
private  power  plant  can  be  used  for  other  purposes. 
This  general  use  of  central  station  power  is  increasing 
the  number  of  electrically-driven  pumps.  Where  pump- 
ing is  done  on  a  large  scale,  arrangements  can  often  be 
made  to  do  this  pumping  at  the  "off  peak"  time,  in  this 
way  using  the  central  station  equipment  to  better  ad- 
vantage and  exceptionally  low  rates  may  be  obtained. 
This  utilization  of  off  peak  power  is  very  attractive  to 
the  central  station  and  is  well  worth  considering  by  any- 


FIG.'    I — TYPICAL    MUNICIPAL   PUMPING   PLANT 

The  pump  in  the  foreground  is  driven  by  a  50  hp  motor  and  has  a 
capacity  of  1000  000  gallons  per  day  at  150  feet  head.  The  middle  pump 
is  driven  by  a  75  hp  motor  and  has  a  capacity  of  4500000  gallons  per 
day  at  60  foot  head.  The  pump  in  the  background  is  driven  by  a  100  hp 
motor  and  has  a  capacity  of  4500000  gallons  per  day  at  60  foot  head. 
The  motor  starters  and  feeder  panels  are  shown  in  the  background. 
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one  intending  to  pump  water  on  a  large  scale.  Even 
where  the  pumping  must  be  continuous  throughout  the 
twenty-four  hours,  the  power  requirements  are  fairly 
uniform  and  good  rates  can  be  obtained  on  account  of 
this  uniformity  of  demand. 

SYSTEMS  OF  CONTKOI, 

Small  pumps,  driven  by  squirrel  cage  motors  can 
be  started  by  connecting  the  motor  directly  to  the  line. 
Only  a  primary  switch  is  required.  Larger  motors  may 
use  an  autostarter  where  they  are  started  and  stopped 
infrequently.  For  frequent  starting  and  stopping,  a 
slip  ring  motor  or  a  compound  direct-current  motor 
should  be  used.  For  direct-current  service,  the  com- 
pound-wound motor  gives  the  best  results  for  either 
centrifugal  or  plunger  pumps.  For  the  two  latter  types 
of  motors,  an  ordinary  non-reversing  rheostatic  control 
is  used  consisting  of  a  line  switch  for  connecting  the 


When  Used 


FIG.  2— CONNECTIONS  OF  A  TWO-POINT  DIRECT-CURRENT  AUTOMATIC 
CONTROLLER,    OPERATED    BY    A    FLOAT    SWITCH 

FIG.  3— CONNECTIONS  OF  A  TWO-POINT  DIRECT-CURRENT  AUTOMATIC 
CONTROLLER    OPERATED    BY    A    PRESSURE    GAGE 

motor  to  the  circuit,  and  one  or  more  contactors  for 
short-circuiting  the  starting  resistor.  The  line  switch 
IS  usually  provided  with  an  overload  relay  or,  if  the 
control  is  manually  operated,  the  line  switch  may  be  an 
ordinary  circuit  breaker.  A  low  voltage  release  is 
usually  supplied  with  automatic  control,  as  it  is  desir- 
able to  have  the  motor  started  automatically  upon  re- 
establishment  of  the  power  circuit  after  an  interruption. 
The  master  switch  may  consist  of  a  push  button  or, 
where  speed  regulation  is  desirable,  a  drum-type  master 
switch  can  be  used.  It  is  usual,  however,  to  start  and 
stop  pumps  automatically.  The  automatic  means  mav 
be  actuated  by  pressure  or  by  the  height  of  the  water  in 
the  reservoir  or  tank;  the  latter  is  known  as  a  "float 
switch." 

PRESSURE    REGULATORS 

Two  general  forms  of  pressure  regulators  are  used, 
the  "Bourdon  gage"  and  the  "diaphragm  type."  The 
gage  type  consists  of  the  ordinary  indicating  pressure 
gage  with  a  contact  make-and-break  device  attached  to 
the  indicating  needle.  Fig.  5.     Some  modifications  in  the 


standard  gage  are  required  for  the  addition  of  this 
contact  device.  In  order  to  reduce  the  arcing  at  the 
contact  points,  a  relay  is  used.  This  relay  is  connected 
so  that,  when  it  closes,  it  bridges  the  low  pressure  con- 
tact on  the  pressure  gage  and  prevents  an  arc  at  this 
contact  when  the  gage  needle  moves  to  a  higher  pres- 
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FIG.   4 — DIAGRAM   OF   CONNECTIONS   OF  AN   AUTOMATIC  AUTOSTARTER 

For  a  sciuirrcl-cage  motor  operated  by  a  pressure  gage. 

sure.  The  high-pressin-e  contact  is  arranged  for  short- 
circuiting  the  coil  of  this  relay,  which  immediately  opens 
the  relay,  and  at  the  same  time  opens  the  circuit  through 
the  gage  contact.  By  placing  the  resistance  in  series 
with  the  relay  coil,  this  short-circuiting  can  take  place 
without  danger  of  excessive  current. 

The  diaphragm  regulator  consists  of  a  metal  dia- 
phragm having  pressure  on  one  side  and  a  weight  or 
spring  on  the  opposite  side.  The  diaphragm  raises  or 
lowers,  due  to  variations 
in  the  water  pressure. 
This  movement  of  the  dia- 
phragm mechanism  closes 
or  opens  the  contacts  of 
the  master  switch.  The 
diaphragm  regulator  ordi- 
narily does  not   require  a 


5 — GAGE    TYPE    PRESSURE 
REGULATOR 


FIG.    6 — OPEN     TYPE     FLOAT 
SWITCH 


the  control  circuit  of  an  average  size  contactor. 

When  a  pressure  regulator  is  used  with  a  positive 
acting  pump,  it  should  not  be  connected  directly  to  the 
pump  delivery  as  the  pulsations  cause  the  regulator  to 
open  and  close  the  contacts  in  rapid  succession  and  give 
very  poor  results.  Usually  the  pump  delivers  to  a  pres- 
relay,  as  the  contacts  are  large  enough  to  take  care  of 
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sure  tank  or  standpipe,  and  tlie  pressure  regulator  can 
be  connected  to  the  tank  or  standpipe.  Where  the  pump 
dehvery  is  long-  and  it  is  not  convenient  to  connect  the 
pressure  regulator,  in  this  way,  special  precautions 
should  be  taken  to  prevent  the  regulator  from  being  os- 
cillated by  the  pulsation  in  the  pump  delivery. 

FLOAT    SWITCH 

This  master  switch  consists  of  a  small  contact 
which  is  ojiened  or  closed  due  to  a  difference  in  level 
of  the  water  in  the  tank  or  reservoir.  One  form  of 
this  switch  is  shown  in  Fig.  6.  The  contacts  are  pro- 
vided with  a  quick  make-and-break  arrangement  so  that 
the  slow  movement  of  the  float  does  not  cause  arcing. 
This  float  switch  is  connected  to  the  pilot  wiring  of  the 
controller  and  serves  to  start  and  stop  the  motor,  due 
to  variation  in  the  water  level.  If  this  float  switch  is 
ujed  in  a  reservoir  where  large  waves  are  apt  to  occur, 
it  should  be  mounted  in  an  enclosed  compartment  to 
protect  it  from  the  wash. 

SPECIAL  APPLICATIONS 

The  foregoing  statements  are  general  and  in  the 
main,  apply  to  small  installations.  Larger  installations 
and  special  applications  should  be  given  particular  con- 
sideration in  order  to  obtain  gjood  results. 


FIG.    7 — TYPICAL   C.\P.\CITV    AND    HORSE-FOWER    CURVES    OF    A 
CENTRIFUGAL    PUMP 

Showing  the  effect  of  a  ten  percent  speed  variation. 
ELEVATOR  PUIIPS 

Among  the  special  applications  may  be  mentioned 
elevator  service.  Hydraulic  elevators  are  usually  op- 
erated in  banks  comprising  several  elevators  connected 
to  a  single  pressure  tank.  The  elevators  discharge  into 
an  ojjen  tank  and  the  pump  takes  the  water  from  the 
open  tank  and  delivers  it  to  the  pressure  tank.  For 
large  installations,  several  pumps  are  used.  The  pumps 
are  controlled  by  pressure  regulators  which  start  9nd 
stop  the  pump  for  variations  in  pressure.  During  some 
portions  of  the  day,  the  ])ump  is  operated  at  infrequent 
intervals,  as  the  elevator  service  is  light.  At  other 
times,  particularly  the  noon  hour  and  closing  hour  in 
the  evening,  office  building  elevator  pumps  are  started 
and  stopped  quite  frequently,  sometimes  two  or  three 
times  a  minute.  One  method  of  overcoming  this  diffi- 
culty is  to  slow  the  pump  down,  rather  than  to  stop  it 
when  the  pressure  reaches  a  predetermined  value.  If 
a  positive  acting  pump  is  used,  considerable  pov^'er  may 
be  lost  by  such  an  arrangement,  as  the  water  pumped  is 
directly  proportional  to  the  speed  of  the  pump.  To  re- 
duce the  output  one-half,  the  pump  niust  operate  at  half 
speed,  which  causes  a  loss  in  resistance  equal  to  half 
the  electric  power  delivered  to  the  motor.     If  centrifu- 


gal pumps  are  used  and  designed  for  this  service,  a 
small  change  in  speed  will  make  a  large  change  in  water 
delivery.  The  curves.  Fig.  "  represent  the  gallons  of 
water  delivered  by  a  typical  pump  with  reference  to  the 
speed  of  the  pum[).  This  shows  that  a  small  reduction 
in  speed  makes  a  large  difference  in  the  output,  and  that 
therefore,  by  inserting  a  small  amount  of  resistance 
in  the  motor  circuit,  the  output  of  the  pump  can  be  ma- 
terially decreased  with  only  a  small  loss  in  the  resist- 
ance. Assuming  a  ten  percent  reduction  in  speed,  only 
ten  percent  of  the  input  of  the  motor  will  be  wasted  as 
heat  in  the  resistance.     The  horse-power  curves  show 

T^  Contmllpr  of  Motor  No     > 
To  Controller  of  Motor  No    j 


\ 


SEQUENCE  OF 
CONTACTORS 


"n 

^  .in  I  1 

Kjio 

7T 

1 

r 

C. 

n 

r 

c 

o 

o 

o 

o 

0 

o 

o 

o 

o 

c 

o 

o 

FIG.    S — CONNECTIONS    OF    A    WOUND-SECONDARY    INDUCTION    MOTOR 
FOR    A   LARGE   ELEVATOR    INSTALLATION 

On  closing  the  knife  switches  in  the  control  circuits  of 
the  three  motors,  switches  /  and  2  on  each  panel  operate  in 
succession,  starting  up  the  motors  and  accelerating  them  to 
somewhat  less  than  full  speed.  If  the  pressure  is  low,  contacts 
Xi  on  the  regulator  C  (shown  in  detail  in  Fig.  o)  are  auto- 
matically closed,  accelerating  motor  No.  i  to  full  speed  and 
then,  if  needed  to  maintain  the  pressure,  No.  2  and  No.  3  in 
succession.  If  the  pressure  gets  too  high,  motor  No.  3  is 
slowed  down  and  if  the  pressure  still  stays  high,  motors  No.  2 
and  I  are  then  decelerated  by  the  regulator.  It  is  necessary 
to  keep  all  the  motors  running  all  the  time  that  the  discharge 
valves  are  open,  in  order  to  maintain  pressure  on  the  centri- 
fugal pumps. 

a  material  reduction  in  horse-power  input  with  a  ten 
percent  reduction  in  speed,  so  that  the  loss  represents 
considerabh^  less  than  ten  percent  of  the  full-load  input 
of  the  motor.  The  curves  showing  the  relation  in  per- 
centage between  the  pressure  and  gallons  of  water  de- 
livered, indicate  that  at  a  small  increase  in  pressure 
above  normal  the  pump  ceases  to  deliver  water.  If, 
however,  the  pressure  drops  below  normal,  the  amount 
of  water  delivered  materially  increases.  This  feature 
of  the  centrifugal  pump  tends  to  make  it  self-regulat- 
ing. 
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Fig.  8  shows  a  connection  diagram  and  Fig.  9  the 
regulator  used  with  three  sHp-ring  motors  for  a  large 
elevator  installation.  The  regulator  varies  the  speed  of 
the  motors,  one  after  another,  as  the  pressure  vanes. 

Municipal  Plants—  Motor-driven  centrifugal 
pumps*  are  with  considerable  success  used  for  pumping 


FIG.   9 — DI.\rHRACM    PRESSURE  REGUL.-\TOR 

For  controlling  three  motors.  This  regulator  consists  of 
a  diaphragm  balanced  by  weights  to  operate  at  the  proper  pres- 
sure. The  diaphragm  actuates  a  pilot  valve  which  admits  pres- 
sure to  the  vertical  cylinder  or  connects  the  vertical  cylinder 
to  the  discharge  mains,  depending  upon  whether  the  pressure 
is  high  or  low.  The  movement  of  the  piston  in  this  vertical 
cylinder  operates  a  cam  which  opens  and  closes  the  electrical 
contacts  by  means  of  small  cam  switches.  The  position  of 
these  cam  switches  is  adjustable  so  that  three  pumps  can  be 
arranged  to  be  started  or  accelerated  in  succession  as  the  pres- 
sure falls,  and  to  be  disconnected  or  slowed  down  as  the  pres- 
sure rises. 

the  service  water  for  municipalities  where  central  sta- 
tion power  is  available.  Two  systems  are  used — i — 
Reservoir  system,  2 — Direct  pumping  into  the  service 
mains.  Where  the  reservoir  cajtacity  is  sufficient,  the 
pumps  may  be  worked  during  the  night  using  power  at 
the  "off  peak"  time,  thus  securing  exceptionally  good 
rates  and  providing  a  very  attracti\  e  load  for  the  central 
station.  Usually  the  water  is  deli\ered  at  60  to  100  lbs. 
pressure  for  ordinary  purposes.  In  the  event  of  a  fire, 
additional  pumps  are  connected  in  series  with  the  exist- 
ing pumps  to  increase  the  pressure  to  100  or  200  lbs.  in 
a  restricted  district.  Some  municipalities  have  a  sepa- 
rate set  of  mains  for  fire  purposes,  and  electrically  op- 
erated fire  pumps  maintain  a  constant  pressure  on  these 
mains  by  means  of  automatic  regulators. 

Where  the  water  is  pumped  directly  into  the  ser- 
vice mains  without  reservoir  capacity,  the  centrifugal 


pump  can  be  designed  with  a  fiat  delivery  curve,  so  that 
it  automatically  regulates  the  volume  of  water,  depend- 
ing upon  the  demand.  This  can  be  seen  by  referring 
to  Fig.  7.  With  the  motor  operating  at  a  constant  speed 
the  water  delivery  varies  from  zero  gallons  at  the  max- 
mum  pressure  to  considerably  more  than  the  full  output 
of  the  pump  at  reduced  pressures.  If  judgement  is 
used  in  connecting  in  the  proper  number  of  pumps,  pres- 
sure can  be  maintained  close  to  the  average  value  and 
the  pumps  operated  with  fair  economy. 

The  argument  is  often  raised  that  the  turbine- 
driven  centrifugal  pump  will  give  greater  efficiency  for 
varying  amounts  of  water  delivered,  as  the  speed  can  be 
automatically  controlled  by  a  regulator.  While  this 
statement  is  true,  it  must  be  remembered  that  the  losses 
in  the  steam  generating  plant  are  considerable  when 
only  a  small  amount  of  power  is  used.  The  stand-by 
losses  in  piping  and  other  equipment  forms  quite  an 
item  of  the  total  loss.  A  steam  generating  equipment, 
consisting  of  boilers  together  with  the  auxiliary  equip- 
ment required  for  operating  them,  represents  consider- 
able initial  cost  and  requires  the  services  of  several  ex- 
perienced men,  whereas  a  single  engineer  and  attendant 
are  sufficient  to  operate  a  large  electrically-driven  in- 
stallation. 

Where  steam  power  is  already  installed  and  used 
for  other  purposes,  steam  driven  centrifugal  pumps  may 
prove  advantageous.  On  the  other  hand,  if  central  sta- 
tion power  is  available  at  a  reasonable  rate,  the  first 
cost  and  the  maintenance  of  electrically-driven  pumps 
will  be  much  less  than  for  corresponding  steam  driven 
pumps  with  other  boiler  house  equipment.  It  is  there- 
fore evident  that  the  electrically-driven  pump  has  a 
considerable  field  of  api>lication  for  municipal  pumping. 


*See  article  by  Mr.  R.  L.  Yates,  Electric  Review,  March 
16  and  23,  1918,  whic^j  discusses  the  hydraulic  problem  in  con- 
siderable detail. 


II'.      In      TVPIC.-\L    MOTOR-OPEK.\Tf;D    CEXTRIFUG.AL   PUMPS 

The  motors  are  rated  at  150  hp,  2200  volts  and  the  pumps 
have  a  capacity  of  3000  gallons  per  minute  at  115  foot  head. 

In  addition  to  the  supplying  of  service  water,  electric- 
ally-dri\en  pumps  are  often  necessary  to  provide  for  a 
suitable  drainage  system.  These  pumps  are  installed  in 
sump  basins  located  at  convenient  points  in  the  drainage 
area.  On  account  of  the  scattered  location  of  these 
pumps,  electric  power  is  used.     A  float  switch  can  be 
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arranged  to  start  and  stop  these  pumps  with  a  given 
variation  of  level  in  the  sump  pits. 

Irrigation — The  electrically-driven  pump  is  the 
only  solution  for  pumping  water  for  irrigation  purposes. 
Irrigating  pumps  must  be  located  at  various  points 
scattered  over  a  wide  area.  Power  is  usually  trans- 
mitted at  high  voltage  to  suitable  substations  which  sup- 
ply pumps  for  a  given  area.  In  certain  sections  of  the 
country  the  water  is  obtained  from  wells,  each  property 
owner  operating  one  or  more  pumps.  The  limitation  to 
this  method  of  distribution  is  the  expense  of  changing 
from  the  high  voltage  transmission  lines  to  a  low  enough 
voltage  to  operate  the  small  pump  motors.  Where  this 
difference  in  potential  is  very  great,  the  expense  of  a 
stepdown  equipment  is  a  considerable  item.  By  com- 
bining the  substations,  the  cost  of  this  stepdown  equip- 
ment can  often  be  materially  reduced.  This  limitation 
in  stepdown  equipment  is  one  of  the  difficulties  now 
experienced  by  power  transmission  companies  in  sup- 
plying electric  power  to  farmers  and  other  small  users 
adjacent  to  their  transmission  lines. 


SUMMARY 

Electrically-driven  pumps  are  usually  of  the  cen- 
trifugal type  and  operated  at  comparatively  low  pres- 
sures, although  centrifugal  pumps  can  be  built  for  sev- 
eral hundred  pounds  pressure  when  necessary.  The 
use  of  central  station  power  reduces  the  first  cost  and 
space  requirements  for  such  an  installation.  The  operat- 
ing costs  also  are  reduced,  as  one  attendant  can  often 
maintain  several  pumping  stations  where  automatic  con- 
trol is  used.  Where  pumps  are  scattered  over  a  con- 
siderable area,  electric  drive  is  the  only  solution,  as  it 
would  be  out  of  the  question  to  distribute  steam  power 
to  scattered  pumps.  Where  steam  power  is  available, 
such  as  in  boiler  rooms,  the  feed  pumps  have  been 
usually  operated  by  steam.  Centrifugal  pumps,  driven 
by' electric  motors,  are  well  adapted  for  large  pumping 
installations,  such  as  are  used  by  municipalities  and 
large  industrial  works.  Where  hydroelectric  power  is 
available,  electric  service  for  pumping  during  the  "off 
peak"  period  is  usually  much  cheaper  than  steam  power. 

Note — Acknowledgement  is  due  to  Messrs.  H.  H.  Hender- 
son and  E.  C.  Wayne,  Pittsburgh  representatives  of  the  Goulds 
Mfg.  Company,  for  assistance  rendered  in  the  preparation  of 
this  section. 
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Tbe  Tecimicd  Story  of  the  Fre*ji.iencies 

B.  G.  Lamme 
Chief  Engineer, 
Westinghouse  Electric  &  Mfg.  Company 
THE  STORY  of  how  and  why  the  various  commercial   frequencies   came   into   use  and   then   dropped 
out  is  not  primarily  the  story  of  the  frequencies  themselves,  but  of  the  various  uses  to  which  the  alternating 
current  has  been  applied.     Some  of  the  applications  which  have  had  a  determining  factor  on  the  frequency 
of  the  supply  system  are  incandescent  lighting,  transformers,    transmission    systems,    arc    lighting,    induction 
motors,   synchronous   converters,   constructional   conditions  in  rotating  machinery,  and  operating  conditions. 
Consideration  of  these  items  individually  indicates  that   while   some   of  them   had   very  considerable   influ- 
ence, at  one  time,  in  determining  frequency  conditions  yet,  in  a  number  of  cases,  the  original  reasons  have 
disappeared    through    improvements    and    refinements.     In  the  following  article  the  various  frequencies  are 
considered  more  or  less  in  the  order  of  their  development  and  basic  reasons  will  be  given  for  their  choice, 
and   why  certain  of  them  have  persisted,  while  others  have  dropped  out. 

T  VARIOUS  TIMES  the  following  standard  fre-  surface-wound  type  of  rotating  armature.  This  speed 
quencies  have  been  in  use  in  this  country,  133  1-3,  gave  16000  alternations  per  minute,  or  133  1-3  cycles 
125,  83  1-3,  66  2-3,  60,  50,  40,  30  and  25  cycles    per  second  according  to  our  present  method  of  designa- 


per  second.  These  did  not  appear  chronologically  in 
the  order  given  above,  and  a  few  odd  frequencies  in  a 
few  special  applications  are  omitted. 

133  AND  125  CYCLES 

In  the  earliest  alternating  work,  the  whole  service 
consisted  of  incandescent  lighting,  and  the  electric 
equipment  was  made  up  of  small  high-speed  belted 
single-phase  generators  and  house-to-house  distributing 
transformers.  It  was  believed  that  a  relatively  high  fre- 
quency would  best  meet  the  transformer  conditions.  A 
choice  of  such  an  odd  frequency  as  133  1-3  cycles  per 
second,  is  due  to  the  fact  that  in  those  days  (1886  to 
1893)  frequencies  were  designated  in  terms  of  alterna- 
tions per  minute.  One  of  the  earliest  generating  units 
constructed  by  the  Westinghouse  company  had  a  speed 
of  2000  r.p.m.  and  had  eight  poles.  This  presented  a 
fairly   convenient    constructional    arrangement    for  the 


tion.  Thus  the  earliest  frequency  in  commercial  use  in 
this  country  was  fixed  by  constructional  reasons,  al- 
though the  house-to-house  transformer  problem  appar- 
ently indicated  the  need  for  a  relatively  high  frequency. 
The  Thomson-Houston  company  adopted  a  frequency 
of  15000  alternations  per  minute,  (125  cycles)  instead 
of  the  Westinghouse  16000,  but  the  writer  does  not 
know  why  this  difference  was  made.  However,  the  two 
frequencies  were  so  close  together  that  practically  they 
could  be  classified  as  one. 

At'this  time  there  were  no  real  transmission  prob- 
lems, uo  alternating-current  arc  lighting,  no  induction 
motors  and  the  need  for  uniform  rotation  of  genera- 
ors  was  not  recognized.  The  induction  motor  came  in 
1888  and  considerable  work  was  done  on  it  in  1889  and 
1890,  but  it  required  polyphase  supply  circuits  and  com- 
paratively low  frequency  and,  therefore,  it  had  no  con- 
nection whatever  with  the  then  standard  single-phase. 
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133  1-3  and  125  cycle  systems.  The  synchronous  con- 
verter was  also  unheard  of  (one  might  say  almost  un- 
dreamed of)  at  that  time. 

60  CYCLES 

In  1889  or  1890  it  was  beginning  to  be  recognized 
that  some  lower  frequency  than  125  and  133  1-3  cycles 
would  be  desirable.  Also  direct-coupled  and  engine- 
type  alternators  were  being  considered  in  Europe  and  it 
was  felt  that  such  construction  would  eventually  come 
into  use  in  America.  In  such  case,  133  1-3  cycles 
would  present  ver}'  considerable  difficulties  compared 
with  some  lower  frequency,  due  to  the  large  number  of 
poles  which  would  be  required.  For  instance,  an  al- 
ternator direct  driven  by  an  80  r.p.m.  engine  would  re- 
quire 200  poles  to  give  the  required  frequency  and  such 
construction  was  looked  upon  as  being  practically  pro- 
hibitive. About  this  time  Mr.  L.  B.  Stillwell,  then  with 
the  Westinghouse  company,  made  a  careful  study  of 
this  matter  of  a  new  frequency  and,  after  analyzing  a 
number  of  cases,  it  appeared  that  7200  alternations  per 
minute  (60  cycles  per  second),  was  about  as  high  as 
would  be  desirable  for  the  engine  speeds  then  in  sight. 
Transformer  construction  and  arc  lighting  were  also 
considered  in  this  analysis.  While  a  somewhat  higher 
frequency  might  be  better  for  transformers,  yet  a  lower 
frequency  was  considered  as  possibly  better  for  engine- 
type  generators.  A  compromise  eventually  led  to  60 
cycles.  While  this  frequency  originated  about  1890,  it 
•did  not  come  into  use  suddenly,  for  it  was  impossible 
to  introduce  such  a  radical  change  in  a  brief  time. 
Moreover,  the  engine-type  generator  was  slow  in  coming 
into  general  use  and,  therefore,  there  was  not  the  ne- 
cessity for  the  introduction  of  this  low  frequency  in 
many  of  the  equipments  sold  from  1890  to  1892,  How- 
ever, by  1893,  60  cycles  became  pretty  firmly  established 
.and  was  sharing  the  business  with  the  133  1-3-cycle 
systems.  At  this  time,  the  adoption  of  this  frequency 
was  not  considered  as  a  direct  means  for  bringing  for- 
ward the  polyphase  induction  moto'-,  for  the  earlier  60 
cycle  systems,  like  the  125  and  133  1-3  cycle,  were  all 
single  phase.  Also,  it  was  thought  that  the  polyphase 
motor  might  require  a  still  lower  frequency  and,  more- 
.over,  the  polyphase  system  was  looked  upon  as  in  a 
-class  by  itself,  suitable  only  for  induction  motor  work. 
At  tliat  time  the  introduction  of  polyphase  generators 
for  general  service  was  not  contemplated.  This  followe'd 
two  or  three  years  later. 

In  1890  the  Westinghouse  company,  which  had 
been  developing  the  Tesla  polyphase  motor,  laid  aside 
the  work,  largely  because  there  were  no  suitable  general 
supply  systems  for  this  type  of  motor.  The  problem 
was  revived  in  1892,  in  an  experimental  way,  with  a 
view  to  bringing  out  an  induction  motor  which  could  be 
applied  on  standard  frequencies  such  as  used  in  com- 
mercial supply  circuits  for  lighting  and  other  purposes. 
At  this  time  such  circuits  were  not  in  existence  but  were 
being  contemplated.  In  1893,  after  the  polyphase  mot- 
or had  been  further  developed,  the  best  means  for  get- 
ting it  on  the  market  were  considered.     It  was  decided 


that  the  best  way  to  promote  the  induction  motor  busi- 
ness was  to  create  a  demand  for  it  on  commercial  alter- 
natmg-current  systems.  This  meant  that  such  systems 
must  be  created.  Therefore,  it  was  decided  to  under- 
take to  hll  the  country  with  polyphase  generating  sys- 
tems, wh>ch  were  primarily  to  be  used  for  the  usual 
lighting  service.  It  was  thought  that,  with  such  sys- 
tems available,  the  time  would  soon  come  when  there 
would  be  a  call  for  induction  motors.  In  this  way  ex- 
perience would  be  obtained  in  the  construction  and  op- 
eration ot  polyphase  generators  and  the  operating  public 
would  not  be  unduly  handicapped  in  the  use  of  such 
generators,  compared  with  the  older  single-phase  types 
An  example  of  this  new  practice  was  in  the  2000 
kw  polyphase  generating  units  used  for  lighting  the 
Chicago  World's  Fair  in  1893.  Here  the  single-phase 
type  still  persisted,  as  each  generator  unit  was  made  up 
of  two  similar  frames  placed  side  by  side,  but  with  their 
smgle-phase  armatures  displaced  one-half  pole  pitch 
from  each  other  so  that  the  combined  machine  delivered 
two  smgle-phase  currents  displaced  90  degrees  from 
each  other.  It  was  considered  that  each  circuit  could 
be  regulated  independently  for  lighting  service,  and 
polyphase  motors  could  be  operated  from  the  two  cir- 
cuits. These  60  cycle  generators  (at  that  time  the  larg- 
est in  this  country)  were  designed  in  1892. 

25  CYCLES 

At  the  same  time  that  60  cycles  was  selected  as 
standard  it  was  recognized  that,  at  some  future  time 
there  would  be  a  place  for  some  much  lower  frequency 
but  It  was  not  until  two  years  later  that  this  began 
to  narrow  down  to  any  particular  frequency.  In  1892 
the  first  Niagara  electrification  had  centered  on  poly- 
phase alternating  current  as  the  most  desirable  svstem 
The  engineers  of  the  promoting  company  had  also 
worked  out  what  they  considered  the  most  suitable  con- 
struction of  machine.  This  involved  5000  hp  units  at 
250  r.p.m.  Prof.  George  Forbes,  one  of  the  engineers 
of  the  company  had  furnished  the  electrical  de- 
signs for  a  machine  with  an  external  rotating 
held  and  an  internal  stationary  armature.  He  used 
eight  poles,  thus  giving  2000  alternations  per  minute 
or  16  2-3  cycles  per  second.  Quite  independently  of 
this  the  Westinghouse  company,  in  1892,  had  been 
working  on  the  development  of  synchronous  converters 
using  belted  550  volt  direct-current  generators  with 
tvvo-phase  collector  rings  added.  The  tests  on  these  ma- 
chines had  shown  the  practicability  of  such  conversion 
and  had  proved  at  this  early  date,  that  the  converter 
copper  losses  were  much  lower  than  in  the  correspond- 
ing direct-current  generators.  The  writer,  from  an  ana- 
lysis of  the  tests  which  were  made  under  his  immediate 
direction,  concluded  that  the  armature  copper  losses 
must  be  considerably  lower  than  in  the  same  machine 
used  as  a  direct-current  generator.  He  also  brought 
the  matter  to  the  attention  of  Mr.  R.  D.  Mershon  then 
with  the  Westinghouse  company,  and  the  problem  was 
then  worked  out  mathematically  by  him  and  the  writer 
in  two  quite  different  ways,  but  with  similar  results' 
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showing  that  the  converter  actually  did  have  very  much 
reduced  copper  losses. 

As  a  result  of  this  work  of  the  Westinghouse  com- 
pany on  the  synchronous  converter,  it  was  decided  that, 
to  make  such  machines  practicable,  some  suitable  rela- 
tively low  frequency  was  required.  This  apjieared  to  be 
about  30  cycles.  About  this  time  the  construction  of 
the  Niagara  generators  was  taken  up  with  the  Westing- 
house  company  to  see  w^hether  it  would  construct  these 
machines  according  to  the  designs  submitted  by  the  pro- 
moting company's  engineers.  The  ;i  designs  were  gone 
over  carefully,  and  many  apparent  defects  and  difficul- 
ties were  pointed  out.  The  Westinghouse  company  then 
proposed  a  i6-pole,  250  r.p.m.  machine.  This  gave  33  1-3 
cycles  or  as  near  to  the  proposed  30  cycle  system,  as  it 
was  possible  to  get.  Many  arguments  were  brought 
forward  for  the  two  machines  and  frequencies.  Prof. 
Forbes'  preference  for  16  2-3  cycles  was  based  partly  on 
the  possibilities  it  presented  for  the  construction  and  op- 
eration of  commutator  type  motors.  The  Westinghouse 
contention  was  that  this  frequency  was  too  low  for  any 
kind  of  service  except  commutator-type  machines. 
Tests  were  made  with  incandescent  lights  and  it  was 
found  that  at  33  1-3  cycles  there  was  little  or  no  wink- 
ing of  light,  while  at  16  2-3  cycles,  the  winking  was  ex- 
tremely bad.  Tables  were  also  made  up,  showing  the 
limited  number  of  speed  combinations  at  16  2-3  cycles 
for  induction  motors,  in  case  such  should  come  into  use. 
Those  showed  how  superior  the  33  1-3  cycles  would  be 
as  regards  such  apparatus.  It  was  also  brought  out 
that  synchronous  converters  would  be  much  better 
adapted  for  the  higher  frequency,  as  the  choice  of 
speeds  would  be  much  greater.  From  the  present  view- 
point the  arguments  appear  to  have  been  much  in  favor 
of  the  Westinghouse  side  of  the  case. 

As  a  consequence  of  all  this  discussion,  the  sug- 
gestion was  advanced  that  a  12  pole,  250  r.  p.m.  ma- 
chine (that  is,  3000  alternations,  or  25  cycles)  might 
meet  sufficiently  the  good  qualities  of  both  of  the  pro- 
posed frequencies  and  would  be  a  good  compromise. 
In  consequence  a  12  pole,  25  cycle  design  was  worked 
up  by  Westinghouse  engineers  and  eventually  this  fre- 
cjuency  was  adopted  for  the  Niagara  generators.  After- 
wards, while  these  generators  were  being  constructed  it 
was  brought  out  pretty  strongly  that  the  great  advan- 
tage of  this  frequency  would  be  in  connection  with  syn- 
chronous converter  operation,  but  that  it  was  also  ex- 
tremely well  adapted  for  slow-speed  engine-type  gen- 
erators. In  consequence  of  the  prominence  given  this 
frequency  it  was  soon  adopted  as  a  standard  low  fre- 
quency, especially  in  those  plants  where  synchronous 
converters  were  expected  to  form  a  prominent  part  of 
the  system. 

However,  while  60  and  25  cycles  came  into  use, 
it  must  be  recognized  that  they  had  competitors.  For 
instance,  66  2-3  cycles  (8000  alternations  or  one-half  of 
16000)  were  used  to  a  considerable  extent  by  one 
manufacturing  company.  Also  50  cycles  came  into  use 
in  certain  plants  and,  to  a  certain  extent,  is  still  retained. 
A  brief  attempt  was  made  later  to  place  40  cycles  upon 


the  market  as  a  substitute  for  both  25  and  60  cycles. 
This  was  done  under  the  impression  that  40  cycles 
would  give  a  universal  system  for  arc  and  incandescent 
lighting,  transmission,  induction  motors,  synchronous 
converters  and  about  everything  else.  This  frequency 
possessed  many  merits  and  it  was  thought,  at  one  time, 
that  it  might  win  out,  but  apparently  the  other 
two  frequencies  were  too  well  established,  and  the  40 
cycle  system  eventuall\-  lost  ground. 

The  problem  of  the  frequencies  finally  narrowed 
dov.-n  to  the  two  standards,  and  these  two  were  accepted 
because  it  was  thought  that  they  covered  such  entirely 
different  fields  of  service  that  neither  of  them  could  ever 
expect  to  cover  the  whole.  In  other  words,  two  stand- 
ards were  required  to  cover  the  whole  range  of  service. 
It  was  recognized  that  25  cycles  would  not  take  care  of 
alternating-current  arc  lighting  and  that  it  was  question- 
able for  incandescent  lighting  in  general.  In  other 
ways,  such  as  suitability  for  engine-type  construction, 
application  to  induction  motors  and  synchronous  con- 
verters and  transmission  of  power  to  long  distances,  it 
met  the  needs  of  an  ideal  system,  as  then  understood. 
Also,  in  pai-allel  operation  of  engine-type  alternators, 
which  was  one  of  the  serious  problems  of  those  days, 
the  25  cycle  machines  were  uncjuestionably  su]ierior  to 
the  60  c}cle  ones.,  due  to  the  lesser  displacement  of  the 
e.m.f.  waves  with  respect  to  each  other  with  a  given 
angular  variation  in  the  engine  speeds.  However,  al- 
though the  25  cycle  system  presented  so  many  advan- 
tages, it  could  not  take  care  of  the  lighting  business, 
and,  therefore,  could  not  entirely  dominate  the  situa- 
tion. 

As  regards  60  cycles,  it  was  felt  that  this  could 
handle  the  direct  lighting  situation  in  a  very  satisfactory 
manner  and  was  possibly  better  suited  for  transformers 
than  25  cycles.  It  was  reasonably  well  adapted  for  in- 
duction motors  in  general,  but  not  for  very  low  speeds. 

The  25  cycle  system  presented  the  stronger  show- 
ing and  there  was  a  decided  tendency  toward  this  fre- 
quency, except  in  those  cases  where  lighting  directly 
from  the  alternating-current  system  was  considered  of 
prime  importance.  In  systems  where  low-voltage  three- 
wire  direct  current  was  used  from  synchronous  con- 
verters, the  tendency  was  toward  the  25  cycle  system. 
In  those  days  the  central  station  which  had  gotten  itself 
committed  to  the  60  cycle  system  so  deeply  that  it  could 
not  change,  was  looked  upon  with  commiseration.  In 
fact,  so  strong  was  the  tendency  toward  25  cycles  that, 
in  manv  cases,  25  cycle  plants  were  installed  for  indus- 
trial purposes,  where  60  cycles  would  have  been  better. 
The  25  cvcle  synchronous  converter  development  ad- 
vanced by  leaps  and  bounds  and  the  machines  operated 
so  well  that  it  was  believed  that  60  cycle  converters 
could  never  be  really  competitive  with  them. 

On  the  other  hand,  in  those  large  plants  which  were 
so  "unfortunate"  as  to  have  60  cycles  installed,  many 
apparent  makeshifts  were  adopted  to  meet  the  various 
service  requirements.There  were  many  who  advocated 
motor-generators  for  this  purpose,  largely  because  the 
60   cycle   converter   was   thought   to   be   impracticable. 
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Low-speed  engine-type  60  cycle  generators  were  not  al- 
ways adapted  for  operation  of  synchronous  converters. 
In  numerous  cases,  such  generators  would  not  operate 
in  satisfactory  manner  in  parallel  with  each  other,  and 
yet  when  synchronous  converters  were  operated  from 
these  same  generators  the  unsatisfactory  results  were 
not  blamed  upon  the  generating  system  but  upon  the 
con\erters.  Unfortunately,  defects  in  the  generating 
and  transmission  systems  usually  appeared  in  the  con- 
verters as  sparking  and  flashing,  and  such  troubles 
naturally  would  be  credited  to  defects  in  the  construc- 
tion of  the  converters  themselves.  In  fact,  in  those 
days,  60  cycle  converters  were  e.xpected  to  do  things 
which  now  are  considered  as  absurd.  For  instance,  in 
one  case  a  60  cycle  synchronous  comerter  was  criti- 
cized as  being  very  badly  designed,  due  to  serious  flash- 
ing at  times.  Investigation  developed  that  this  con- 
verter was  expected  to  operate  on  either  one  of  two  inde- 
pendent 60  cycle  systems  with  no  rigid  frequency  re- 
lation to  each  other.  The  converter  in  service  was 
switched  from  one  system  to  the  other  indiscriminately, 
and  sometimes  it  flashed  in  the  transfer  and  sometimes 
it  did  not. 

At  one  time  the  writer  stood  almost  alone  in  his 
belief  that  the  60  cycle  synchronous  converter  presented 
commercial  possibilities  sufticient  to  make  it  a  strong 
future  contender  with  the  25  cycle  machine,  provided 
proper  supply  conditions  were  furnished  and  certain 
difficulties  in  the  proportions  of  the  converter  were  over- 
come. One  basis  for  his  contention  v/as  that  in  some  of 
the  60  cycle  plants,  where  the  generator  rotation  was 
quite  uniform,  the  converters  were  much  superior  in 
their  operation  to  those  in  other  plants,  using  slow- 
speed  engine-type  generators  with  considerable  periodic 
variations.  In  such  plants  the  hunting  tendency  of  the 
converters  was  greatly  reduced,  with  consequent  im- 
provement in  sparking  and  general  operation.  It  was 
early  recognized  that  hunting  was  a  very  harmful  con- 
dition, both  in  60  and  25  cycle  converters,  but  whereas 
it  was  relatively  rare  in  25  cycle  plants  it  was  much 
more  common  with  60  cycles.  However,  the  operating 
public  was  not  particularly  concerned  whether  the 
trouble  was  in  the  generating  plant  or  in  the  converters 
themselves,  as  long  as  such  trouble  existed  and  was  not 
overcome.  Early  in  synchronous  converter  develop- 
ment it  was  found  that  hunting  produced  sparking  or 
flashing  at  the  commutators.  However,  even  in  those 
plants  where  there  was  no  hunting  apparent,  there  was 
difficulty  at  times  due  to  flashing,  especially  with  sudden 
change  of  load,  which  resulted  in  temporary  increase  in 
the  direct-current  voltage.  This  was  a  difficulty  which 
was  inherent  in  the  converter  itself  and  could  not  be 
blamed  entirely  upon  the  generating  or  transmitting 
conditions,  for  25  cycle  machines  were  practically  free 
from  this  trouble  under  similar  conditions  of  operation. 
Investigation  developed  the  fact  that  this  flashing 
trouble  was  due  largely  to  the  unduly  high  value  of  the 
maximum  volts  between  commutator  bars.  This  diffi- 
culty was  recognized  long  before  it  was  overcome, 
simply  because  certain  physical  limitations  in  construc- 


tion had  to  be  removed.  There  were  two  ways  in 
which  the  maximum  volts  per  bar  could  be  reduced — 
by  increasing  the  number  of  commutator  bars  per  pole 
and  by  decreasing  the  ratio  of  the  maximum  volts  to  the 
average  volts  per  bar,  that  is,  by  increasing  the  ratio  of 
the  pole  width  to  the  pole  pitch,  but  both  of  these  in- 
volved structural  limitations  in  the  allowable  peripheral 
speeds  of  the  commutator  and  the  armature  core. 

Here  is  where  a  little  elementary  mathematics 
comes  in.  The  peripheral  speed  of  the  commutator  is 
directly  proportional  to  the  distance  between  adjacent 
neutral  points  on  the  commutator,  and  the  frequency. 
Therefore,  with  a  given  frequency  the  distance  between 
the  adjacent  neutral  points  is  directly  proportional  to  the 
peripheral  speed.  Thus,  with  a  commutator  speed  of  4500 
ft.  per  min.  which  was  then  considered  an  upper  limit, 
the  distance  between  adjacent  neutral  points  on  a  60 
cycle  converter  is  only  7.5  in.  This  distance  is  thus  fixed 
mathematically  and  is  independent  of  the  number  of 
poles  or  speed,  or  anything  else,  e.xcept  the  peripheral 
speed  and  the  frequency.  With  this  distance  of  7.5  in. 
about  the  only  choice  in  commutator  bars  per  pole  was 
36,  giving  an  average  of  16  2-3  volts  per  bar  on  a  600 
volt  machine,  and  nearly  20  volts  per  bar  with  mo- 
mentary increase  of  voltage  to  700,  which  is  not  un- 
common in  railway  service. 

However,  it  is  not  this  average  voltage  which  fixes 
the  flashing  conditions,  but  the  maximum  voltage  be- 
tween bars,  and  this  is  dependent  upon  the  average  volt- 
age and  upon  the  ratio  of  the  pole  width  to  the  pole 
pitch.  As  the  pole  pitch  is  directly  dependent  upon  the 
peripheral  speed  of  the  armature  and  the  frequency, 
therefore,  if  the  peripheral  speed  is  fixed,  the  pole  pitch 
is  at  once  fixed.  For  example,  with  an  armature  peri- 
pheral speed  of  7200  ft.  per  min.,  which  was  considered 
high  at  that  time,  the  pole  pitch  becomes  12  in.,  and 
here  was  where  a  most  serious  difficulty  was  encoun- 
tered. If  a  sufficiently  wide  neutral  zone  for  commuta- 
tion was  allowed  the  interpolar  space  became  so  wide 
that  there  was  not  enough  left  for  a  good  pole  width. 
For  instance,  if  the  interpolar  space  was  made  6  in. 
wide,  in  order  to  give  a  sufficiently  wide  commutating 
zone  to  prevent  sparking  or  flashing,  due  to  fringing  of 
the  ihain  field,  then  this  left  only  6  in.  for  the  pole  face. 
With  this  relatively  narrow  pole  face  the  ratio  of  the 
maximum  to  average  volts  was  so  high  that  with  the 
36  commutator  bars  per  pole  the  machine  was  so  sen- 
sitive to  arcing  between  commutator  bars  that  flashing 
resulted.  By  widening  the  pole  face  this  difficulty  would 
be  lessened  or  overcome,  but  with  the  fixed  pole  pitch 
of  12  in.  the  neutral  zone  would  be  so  narrowed  as  to 
make  the  machine  sensitive  to  sparking  and  flashing  at 
the  brushes.  Thus,  no  matter  which  way  we  turned 
trouble  was  encountered.  Obviously  there  were  two 
directions  of  improvement,  namely,  by  increasing  the 
number  of  commutator  bars,  thus  reducing  the  average 
voltage,  and  by  increasing  the  pole  pitch,  thus  allowing 
relatively  wider  poles  with  a  given  interpolar  space. 
These  two  conditions  look  simple  and  easy,  but  it  took 
several  years  of  experience  to  attain  them.     When  we 
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have  reached  apparent  ph\:^ical  limitations  in  a  given 
construction,  es])ecially  when  such  hniitations  are  based 
upon  long  experience,  we  liave  to  feel  our  way  quite 
slowly  toward  higher  limitations.  I'or  instance,  in  the 
case  of  the  60  cycle  converters  we  could  not  boldly 
jump  our  peri])heral  sijeeds  20  to  25  percent  higher  and 
simply  assume  that  everything  was  all  right.  We  first 
had  to  build  apparatus  and  try  it  out  for  a  year  or  so. 
Troubles,  due  to  peripheral  speed,  do  not  always  be- 
come apparent  at  once,  and  time  tests  are  necessary. 
Therefore,  while  the  peripheral  speeds  of  the  60  cycle 
synchronous  con\erters  were  actually  increased  20  to  25 
percent,  yet  it  took  two  or  three  years  of  experimenta- 
tion and  endurance  tests  before  the  manufacturers  felt 
sure  enough  to  adopt  the  higher  speeds  on  a  broad 
commercial  scale.  Thus,  while  the  change  from  the 
older  more  sensitive  tyi)e  of  60  c\-:le  converter  to  the 
later  tvpe  occurred  commercially  within  a  comparatively 
short  period,  the  actu:il  development  covered  a  much 
longer  period. 

As  regards  the  commutator,  the  number  of  bars 
could  be  increased  25  percent,  that  is,  from  36  to  43 
per  pole,  which  was  comparable  with  ordinary  direct- 
current  generator  practice.  In  the  second  place,  an  in- 
crease of  25  percent  in  the  peripheral  speed  of  the 
armature  core  meant  a  15  in.  pole  pitch,  where  12  in. 
was  used  before.  Assuming,  as  before,  a  6-in.  inter- 
polar  space,  then  the  pole  face  itself  became  9  in.  in 
width  instead  of  6  in.,  an  improvement  of  50  percent. 
In  fact,  this  latter  improvement  was  so  great  that  some 
manufacturers  did  not  consider  it  necessary  to  increase 
the  number  of  commutator  "bars,  although  in  the  West- 
inghouse  machines  both  steps  were  n^ade. 

These  improvements  so  modified  the  60  cycle  con- 
verter that  it  began  to  approach  the  25  cycle  machine  in 
its  general  characteristics.  It  was  still  quite  expensive 
compared  with  the  25  cycle,  due  to  the  large  number  of 
poles,  and  its  efficiency  was  considerably  lower,  on  ac- 
count of  high  iron  and  windage  losses.  However,  due 
to  the  need  for  such  a  machine  it  was  gradually  making 
headway,  in  spite  of  handicaps  in  cost  and  efficiency. 

Almost  coincident  with  the  initiation  of  improve- 
ments in  the  60  cycle  converter,  came  another  factor 
which  has  had  much  to  do  with  the  success  of  this'  type 
of  machine.  This  was  the  advent  of  the  turbogenera- 
tor. As  stated  before,  one  of  the  handicaps  of  the  60 
cycle  converter  was  in  the  non-uniform  rotation  of  the 
engine-type  generators  which  were  common  in  the 
period  from  1897  to  about  1903  or  1904.  But,  about 
this  latter  date,  the  turbo-generator  was  making  con- 
siderable inroads  on  the  engine-type  field  and  within  a 
relatively  short  period  it  so  superseded  the  former  type 
of  unit,  that  it  was  recognized  as  the  coming  standard 
for  large  alternating  power  service.  With  the  turbo- 
generator came  uniform  rotation.  However,  in  the 
early  days  of  the  turbogenerator,  25  cycles  still  was  in 
the  lead  and  many  of  the  earlier  generators  were  made 
for  this  frequency,  especially  in  the  larger  units.  But 
it  was  not  long  before  it  was  recognized  that  60  cycles 
presented  considerable  advantage  in  the  turbogenerator 


design  due  to  the  higher  permissible  speeds.  In  the 
earlier  days  of  turbogenerator  work,  this  was  not  rec- 
ognized to  any  extent,  as  the  speeds  of  all  units  were  so 
low  that  the  effect  of  any  speed  limitations  was  not  yet 
encountered.  For  instance,  a  1500  kw,  60  cycle  turbo- 
generator would  be  made  with  six  poles  for  1200  r.p.m., 
while  a  corresponding  25  cycle  unit  would  be  made 
with  two  poles  for  1500  r.p.m.  This  slightly  higher 
speed  at  25  cycles  about  counterbalanced  the  difficulties 
of  the  two-pole  construction  compared  with  the  six- 
pole.  However,  before  long,  more  experience  enabled 
the  six-pole,  60  cycle  machine  to  be  replaced  at  1800 
revolutions,  and  a  little  later  by  two  poles  at  3600  revo- 
lutions. This,  of  course,  turned  the  scales  very  much 
in  the  other  direction.  In  larger  units,  however,  the 
advantage  still  appeared  to  be  in  favor  of  25  cycles,  but 
in  the  course  of  development,  1500  revolutions  was 
adopted  quite  generally  for  25  cycle  work,  and  this  was 
the  limiting  speed,  as  such  machines  had  only  two  poles. 
On  the  other  hand,  for  60  cycles,  1800  revolutions  was 
adopted  quite  generally  for  imits  up  to  almost  the  ex- 
treme capacities  that  had  been  considered,  consequently 
the  constructional  conditions  in  the  large  machines 
swung  in  favor  of  60  cycles.  Therefore,  with  the  com- 
ing of  the  steam  turbine  and  the  development  of  high- 
speed turbogenerator  units,  the  tendency  has  been 
strongly  toward  60  cycles.  This,  with  the  greater  per- 
fection of  the  60  cycle  converter,  ha^i  much  to  do  with 
directing  the  practice  away  from  the  25  cycles. 

However,  there  were  other  conditions  which  tended 
strongly  toward  60  cycles.  In  the  early  development  of 
the  induction  motor,  the  25  cycle  machines  were  consid- 
erably better  than  the  60  cycle  and  possibly  little  or  no 
more  expensive.  However,  as  refinements  in  design 
and  practice  came  in,  certain  important  advantages  of 
the  60  cycle  began  to  crop  out.  For  instance,  with  25 
cycles  there  is  but  little  choice  in  speed,  for  motors  of 
small  and  moderate  size.  At  this  frequency  a  four- 
pole  motor  has  a  synchronous  speed  of  only  750.  The 
only  higher  speed  permissible  is  1500  revolutions  with 
two  poles,  and  it  so  happens  that  in  induction  motors 
the  two-pole  construction  is  not  materially  cheaper  than 
the  four  pole,  consequently  the  principal  advantage  in 
going  to  1500  revolutions  was  only  in  getting  a  higher 
speed  where  such  was  necessary  for  other  reasons  than 
first  cost.  However,  in  60  cycles  the  case  is  quite  dif- 
ferent, where  a  four  pole  machine  can  have  a  speed  of 
1800  revolutions,  a  six  pole  1200,  an  eight  pole  900  and  a 
ten  pole  720  revolutions.  In  other  words,  there  are 
four  suitable  speed  combinations  where  a  25  cycle  mo- 
tor had  only  one.  Moreover,  with  the  advance  in  de- 
sign it  developed  that  these  higher  speed  60  cycle  motors 
could  be  made  with  nearly  as  good  performances  as 
with  the  25  cycle  motors  of  same  capacity,  and  at  some- 
what less  cost.  However,  leaving  out  the  question  of 
cost,  the  wider  choice  of  speeds  alone  was  enough  to 
give  the  60  cycle  motor  a  pronounced  preference  for 
general  service. 

However,    there    is   one    exception    to    the    above. 
Where  very  low-speed  motors  are  required,  such  as  no 
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r.p.m.,  the  60  cycle  induction  motor  is  at  a  considerable 
■disadvantage  compared  with  25  cycles.  It  is  partly  for 
this  reason  that  the  steel  mill  industry  adopted  25  cycles 
as  standard  some  ten  or  fifteen  years  ago.  At  that  time, 
it  was  considered  that  there  would  be  need  for  very  low- 
speed  motors  in  many  cases.  However,  due  to  first 
cost,  as  well  as  other  things,  there  has  been  a  tendency 
toward  much  higher  speeds  in  steel  mill  work,  through 
the  use  of  gears  and  otherwise,  so  that  part  of  this  argu- 
ment has  been  lost.  However,  there  still  remain  cer- 
tain classes  of  work  where  direct-connected  very  low- 
speed  induction  motors  are  desirable  and  where  25 
cycles  would  appear  to  have  a  distinct  advantage. 

In  view  of  these  considerations,  steel  mill  work  has 
heretofore  gone  ver>-  largely  toward  25  cycles,  particu- 
larly where  the  mills  installed  their  own  power  plants. 
However,  in  recent  years  there  has  been  a  pronounced 
tendency  toward  purchase  of  power  from  central  sta- 
tions, and  the  previously  described  tendency  of  central 
stations  toward  60  cycles  has  forced  the  situation  some- 
what in  the  steel  mills,  particularly  m  those  cases  where 
the  central  power  supply  company  can  furnish  power 
at  more  reasonable  rates  than  the  steel  mill  can  produce 
in  its  own  plant.  This,  therefore,  has  meant  a  tendency 
toward  60  cycles  in  steel  mill  work,  e^•en  with  the  handi- 
■cap  of  inferior  low-speed  induction  motors.  But,  on 
the  other  hand,  remedies  have  been  brought  forward 
■even  for  this  condition.  The  great  difficulty  in  the  con- 
struction of  low-speed,  60  cycle  induction  motors  is  in 
the  very  large  size  and  cost  if  constructed  for  normal 
power-factors,  or  tlie  very  low  power-factor  and  poor 
performance  if  constructed  of  dimensions  and  costs 
comparable  with  25  cycles.  In  the  latter  case  the  extra 
cost  is  not  entirely  eliminated  because  a  low  power-fac- 
tor primarj'  input  implies  additional  generating  capacit}-, 
or  some  means  for  correcting  power- factor  on  the  prim- 
ary system. 

In  some  cases  it  is  entirely  practicable  to  correct  the 
power-factor  in  the  motors  themselves  by  the  use  of  so 
called  "phase  advancers"  of  either  the  Leblanc  or  the 
Kapp  type.  Such  machines  are  connected  in  the  sec- 
•ondar)^  circuits  of  induction  motors  and  arranged  so  as 
to  furnish  the  necessary  magnetizing  current  to  the  rotor 
or  secondary  instead  of  to  the  primarj'.  In  this  way  the 
primary  current  to  the  motor  will  represent  largely  en- 
erg}^  and  the  power-factors  can  be  made  equal  to,  or 
even  much  better  than  in  the  con-esponding  25  cycle 
motor ;  or,  in  some  cases,  the  conditions  may  be  carried 
even  further  so  that  the  motor  is  purposely  designed 
with  a  relatively  poor  power-factor,  in  order  to  further 
reduce  the  size  and  cost,  and  the  phase  advancers  are 
made  correspondingly  larger.  In  those  cases  where  the 
cost  of  the  phase  advancer  is  relatively  small  compared 
with  the  main  motor,  there  may  be  a  considerable  saving 
in  the  cost  of  the  main  motor  which  will  more 
than  offset  the  cost  of  the  phase  advancer.  One  diffi- 
culty in  the  use  of  phase  advancers  is  found  in  the  vari- 
able speeds  required  in  some  kinds  of  mill  work.  In 
those  cases  where  flywheels  driven  by  the  main  motors 
are  desirable  to  take  up  violent  fluctuations  in  load,  it  is 


necessary  to  have  considerable  variations  in  the  speed 
of  the  induction  motor,  in  order  to  bring  the  stored  en- 
ergy of  the  flywheel  into  play.  Unfortunately  this  vari- 
able speed  in  the  induction  motor  is  one  of  the  most 
difficult  conditions  to  take  care  of  with  a  phase  ad- 
vancer, so  that  here  is  a  condition  where  the  60  cycle 
motor  is  at  a  decided  disadvantage. 

Thus  it  ma}-  be  seen  that  even  in  the  steel  mill  field, 
where  the  induction  motor  has  the  most  extreme  appli- 
cations, there  is  quite  a  strong  tendency  toward  60 
cycles,  due  to  the  purchase  of  power  from  central  su[)ply 
systems. 

There  remains  one  more  important  element  which 
has  had  something  to  do  with  the  tendency  toward  60 
cycles,  namel}-,  the  transmission  problem.  In  the  earlier 
days  of  transmission  of  alternating  current,  25  cycles 
w^is  considered  very  superior  to  60  cycles  due  to  better 
inherent  voltage  regulation.  However,  a  number  of 
power  companies  in  the  far  west  installed  60  cycle 
plants,  principally  for  local  service  and  with  the  growth 
of  these  plants  came  the  necessity  for  increased  distance 
of  transmission  through  development  of  water  powers. 
At  first  it  was  thought  they  were  badly  handicapped  by 
the  frequency,  but  gradually  the  apparent  disadvantages 
of  their  systems  were  overcome  and  the  distances  of 
transmission  were  extended  until  it  became  apparent 
that  they  could  accomplish  practically  tlie  same  results 
as  with  25  cycles.  Part  of  tliis  result  has  been  obtained 
by  the  use  of  regulating  synchronous  condensers.  It  is 
a  curious  fact  that  the  possibility  of  synchronous  mo- 
tors used  as  condensers  for  correction  of  disturbances 
on  transmission  systems,  has  been  known  for  about  25 
years,  but  it  is  only  within  quite  recent  3'ears  that  they 
have  come  into  general  use  as  a  solution  of  the  trans- 
mission problem,  and  largely  in  connection  with  60  cycle 
plants.  In  1893  the  writer  applied  for  a  patent  on  the 
use  of  synchronous  motors  as  condensers  for  controlling 
the  voltage  at  any  point  on  a  transmission  system  by 
means  of  leading  or  lagging  currents  in  the  condenser 
itself.  A  broad  patent  was  obtained,  but  there  was  no 
particular  use  made  of  it  until  it  had  practically  expired. 

Another  improvement,  which  still  further  helped 
to  advance  60  cycles  to  its  present  position,  was  the  use 
of  commutating  poles  in  synchronous  converters.  The 
principal  value  of  commutating  poles  in  the  60  cycle 
converters,  has  not  been  so  much  in  an  improvement  in 
commutation  over  the  older  types  of  machines,  as  in 
allowing  a  very  considerable  reduction  in  the  number 
of  poles  with  corresponding  increase  in  speed,  resulting 
in  reduction  in  dimensions.  As  a  direct  result  of  this 
increase  in  speed  the  efficiencies  of  the  converters  have 
been  increased.  If,  for  instance,  the  speed  of  a  given 
60  cycle  converter  can  be  doubled  by  cutting  its  number 
of  poles  to  one-half,  while  keeping  the  same  pole  pitch 
and  the  same  limiting  peripheral  speed,  then  obviously 
the  amount  of  iron  in  the  armature  core  is  practically 
halved  and,  at  the  same  magnetic  densities,  the  iron  loss 
is  also  practically  halved.  Also  with  the  same  peri- 
pheral speed  and  half  diameter  of  armature,  the  wind- 
age losses  can  be  decreased  materially.     Thus  the  two 
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principal  losses  in  the  older  converters  have  been  very 
much  reduced.  There  have  also  been  reductions  in  the 
total  watts  for  field  excitation  and  in  other  parts,  so 
that,  as  a  whole,  the  efliciency  for  a  given  capacity  60 
cycle  converter  has  been  brought  up  quite  close  to  that 
of  the  corresponding  25  cycle  machine,  even  when  the 
latter  is  equipped  with  commutating  poles.  This  gain 
of  the  higher  frequency  compared  with  the  lower  is 
due  to  the  fact  that  the  lower- frequency  machine  was 
much  more  handicapped  in  its  possibilities  of  speed  in- 
crease, and  furthermore,  the  iron  losses  and  windage 
represented  a  much  smaller  proportion  of  the  total  losses 
in  the  low-frequency  machine.  This  improvement  in 
the  efficiency  of  the  60  cycle  converter  together  with  the 
lower  losses  in  the  Go  cycle  transformer  as  compared 
with  the  25  cycle,  has  brought  the  60  cycle  equipment 
almost  up  to  the  25  cycle,  so  that  the  difference  at  pres- 
ent is  not  of  controlling  importance.  This  development 
has  given  further  impetus  toward  the  acceptance  of  60 
cycles  as  a  general  system.  Formerly  the  60  cycle  mo- 
tor-generator was  a  serious  competitor  with  the  60  cycle 
converter.  This  was  installed  in  many  cases  because  it 
was  considered  more  reliable  and  more  flexible  in  opera- 
tion than  the  synchronous  converter.  Both  of  these 
claims  were  true  to  a  certain  extent.  However,  with 
improvements  in  the  synchronous  converter  the  differ- 
ence in  reliability  disappeared,  but  there  remained  the 
dift'erence  in  flexibility.  In  the  motor-generator  set,  the 
direct-current  voltage  could  be  varied  over  quite  a  wide 
range,  while  in  the  older  60  cycle  converters  the  direct- 
current  voltage  held  a  rigid  relation  to  the  alternating 
supply  voltage.  However,  with  the  development  and 
perfection  of  the  synchronous  booster  converter,  flexi- 
bility in  voltage  was  obtained  with  relatively  small  in- 
crease in  cost  and  minor  loss  in  economy.  This  has 
been  the  last  big  step  in  putting  the  60  cycle  converter 
at  the  front  as  a  conversion  apparatus,  so  that  today  it 
stands  as  the  cheapest  and  most  economical  metliod  of 
converting  alternating  current  to  direct  current.  More- 
over, while  the  25  cycle  synchronous  converter  has  ap- 
parently reached  about  its  upper  limit  in  speed,  there 
are  still  possibilities  left  for  the  60  cycle  converter. 

For  units  of  1000  kw  and  less,  the  60  cycle  conver- 
ter has  nearly  driven  the  25  cycle  out  of  business  from 
the  manufacturing  standpoint.  For  the  very  large  con- 
verters, 25  cycles  still  is  used,  but  largely  in  connection 
with  railway  and  three-wire  systems,  which  have  been 
installed  for  many  years;  that  is,  the  growth  of  this 
business  is  in  connection  with  existing  generating  sys- 
tems. However,  the  60  cycle  converter,  in  large  ca- 
pacity units,  is  gaining  ground  rapidly  and  the  largest 
converters  yet  built,  namely,  5800  kw  are  of  the  60  cycle 

type- 
It  must  not  be  assumed  that  because  60  cycles  ap- 
pears to  be  the  future  frequency  m  this  country,  that 
25  cycles  was  a  mistake.  In  reality  it  formed  a  most 
important  step  toward  the  present  high  development  of 
the  electric  industry.  Many  things  we  are  now  accom- 
plishing with  60  cycles  would  possibly  never  have  been 
brought  to  present  perfection,  if  the  success  of  the  cor- 


responding 25  cycle  apparatus  had  not  pointed  the  way. 
The  success  of  the  25  cycle  converter,  and  the  high 
standard  of  operation  attained,  gave  ground  for  belief 
that  practically  equal  results  were  obtainable  with  60 
cycles.  Therefore,  the  25  cycle  frequency  served  a 
vast  purpose  in  electrical  development;  it  was  a  high 
cinss  pacemaker,  and  ;c  isn't  entirely  out-distanced  yet. 

There  has  been  considerable  speculation  as  to  what 
two  standard  frequencies  would  have  met  the  needs  of 
the  service  in  the  best  manner,  and  would  have  resulted 
in  the  greatest  development  in  the  end.  It  has  been 
claimed  by  some,  that  50  and  25  cycles  would  have  been 
better  than  60  and  25.  In  the  earlier  days  possibly  the 
former  would  have  been  better,  but  as  a  result  both 
standards  might  have  persisted  longer.  In  any  case,  the 
general  advantages  would  have  been  small.  In  one 
class  of  machines,  namely,  frequency  changers,  consist- 
ing of  two  alternators  coupled  together,  the  25-50  com- 
bination would  certainly  have  been  advantageous. 

Again  it  has  been  questioned  whether  30  and  60 
cycles  would  not  have  been  a  better  choice.  This  was 
the  original  Westinghouse  choice  of  frequencies.  It 
was  felt  that  30  cycles  could  do  about  all  that  25  cycles 
could,  and  would  give  an  advantage  of  25  percent  higher 
speed  in  motors  and  converters,  with  correspondingly 
higher  capacities.  Also  for  direct-coupled  alternators, 
the  two-to-one  ratio  of  frequencies  would  fit  in  with 
engine  speeds. 

Something  further  may  be  said  regarding  the  40 
cycle  system  brought  out  by  the  General  Electric  Com- 
pany. This  contained  many  very  good  features,  for  the 
time  it  was  brought  out.  It  was  then  believed  that,  if 
the  60  cycle  frequency  was  retained,  the  double  stand- 
ard was  necessary.  The  40  cycle  system  was  an  at- 
tempt to  eliminate  this  double  standard.  It  apparently 
furnished  a  better  solution  than  60  cycles  then  promised 
for  the  synchronous  converter  problem,  and  was  a  fair 
compromise  in  about  everything  else.  But  it  came  too 
late,  for  the  25  cycle  system  was  too  firmly  entrenched, 
and  for  further  development,  the  designing  engineers 
preferred  to  expend  their  energies  in  seeing  what  could 
be  accomplished  with  60  cycles,  as  this  seemed  to  pre- 
sent greater  possibilities  than  either  25  or  40,  if  it  could 
be  sufficiently  perfected.  Thus  the  40  cycle  system 
probably  missed  success  due  to  being  just  a  little  too 
late. 

As  to  50  cycles,  it  was  stated  that  this  is  still  in  use 
to  a  limited  extent.  Most  of  the  50  cycle  plants  in  this 
country  are  in  California.  Such  plants  were  started 
during  the  nebulous  period  of  the  frequencies,  and  have 
persisted,  to  a  certain  extent,  partly  because  certain  60 
cycle  apparatus  could  be  easily  modified  to  meet  the  50 
cycle  requirements.  Also,  as  50  cycles  is  the  standard 
in  many  foreign  countries  to  which  this  country  exports 
equipment,  the  use  of  50  cycles  in  some  home  plants  has 
not  been  unduly  burdensome  from  the  manufacturers' 
standpoint. 

In  addition  to  the  preceding,  there  have  been  cer- 
tain classes  of  electric  service  which  have  depended  up- 
on frequency,  but  which  have  not  been  a  determining 
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factor  in  fixing  any  particular  frequency.  Among  these 
may  be  considered  commutating  types  of  alternatmg- 
•current  apparatus.  The  first  alternating-current  com- 
mutating motors  of  any  importance,  were  the  25  cycle, 
single-phase  railway  motors.  These  as  a  rule  have  op- 
erated from  their  own  generating  plants,  or  from  other 
plants  through  frequency-converting  machinery.  One 
exception  in  the  railway  work  is  the  use  of  15  cycles  on 
the  Visalia  plant  in  California.  There  is  a  pretty  well 
defined  opinion  among  certain  engineers  experienced  in 
such  apparatus  that  some  low  frequency,  such  as  15 
cycles,  would  present  very  considerable  advantages  in 
the  use  of  single-phase  railway  motors  in  very  heavy 
service,  such  as  on  some  of  the  western  mountain  roads. 
Here  the  problem  is  to  get  the  largest  possible  motor 
capacity  on  a  given  locomotive,  and  the  main  advantage 
of  the  lower  frequency  would  be  in  allowing  a  \tvy  ma- 
terially higher  capacity  within  a  given  space.  This  does 
not  imply  reduced  weight  or  cost  com^pared  with  the  25 
cycles,  but  simply  means  greater  motor  capacity.  With 
the  modern,  more  highly  developed,  single-phase  rail- 
way motors,  it  would  appear  that  there  may  be  very  con- 
siderable possibilities  in  15  cycles. 

Outside  of  the  railway  field,  there  has  been  recently 
a  development  of  various  types  of  alternating-current 
commutating  apparatus,  principally  in  connection  with 
heavy  steel  mill  electrification  work.  Such  apparatus 
has  been  largel}'  in  the  form  of  three-phase  commutating 
machines  and  these  have  been  used  principally  in  con- 
nection with  speed  control  of  large  induction  motors. 
As  these  regulating  machines  are  usually  connected  in 
the  secondary  circuits  of  induction  motors,  the  fre- 
quency supplied  is  represented  by  the  slip  frequency. 
Consequently  where  the  slip  freiiuency  never  rises  to  a 
large  percentage  of  that  of  the  primary  system,  such 
■commutating  motors  are  applicable  without  undue  difii- 
culties.  Such  motors,  presumably  are  better  adapted 
for  25  cycle  mill  e(|uipments  than  for  60  cycle,  but  due 
to  the  tendency,  already  described,  for  steel  mills  to  go 
to  60  cycles  on  purchased  power,  it  has  been  necessary 
to  build  these  three-phase  commutating  motors  for  the 
regulation  of  60  cycle  main  motors,  in  man}'  cases. 


There  is  still  another  class  of  service,  which  has 
come  in  recently,  where  the  choice  of  frequency  is  of 
much  importance,  but  where  there  is  no  great  necessity 
for  adhering  to  any  standard,  namely,  in  heavy  ship 
propulsion  by  electric  motors.  As  each  ship  equipment 
is  a  complete  system  in  itself,  and  as  it  cannot  tie  up 
with  other  systems,  there  is  no  controlling  need  for 
maintaining  any  definite  frequency.  Except  in  similar 
vessels,  there  is  little  chance  for  duplication  in  parts, 
as  the  various  equipments  vary  so  much  in  size  and 
capacity.  In  consequence  it  has  been  found  advisable 
to  design  each  propulsion  equipment  for  that  frequency 
which  best  suits  the  generator  and  motor  speeds,  tak- 
ing into  account  the  various  operating  conditions  and 
limitations,  such  as  the  different  running  speeds,  steam- 
ing radius,  etc.  .At  the  present  time  with  the  relatively 
small  amount  of  experience  obtained  with  the  electrical 
propulsion  of  ships,  it  looks  as  if  it  would  be  a  consid- 
erable handicap  to  attempt  to  adopt  some  standard  fre- 
quency for  all  service.  Later,  with  wide  experience,  it 
may  be  possible  to  adopt  some  compromise  frequency, 
which  will  not  unduly  handicap  any  of  the  service. 

CONCLUSION 

As  a  rule,  the  choice  of  frequency  has  been  a  mat- 
ter of  most  serious  consideration,  based  upon  service 
conditions  at  the  time.  Moreover,  in  view  of  the  wide 
range  of  conditions  encountered,  it  is  surprising  how 
few  frequencies  have  been  seriously  considered  in  this 
country.  Occasion  has  arisen,  times  without  numlier, 
where  an  obvious  solution  of  a  given  problem  would  lie 
in  modification  of  the  frequency  to  allow  the  use  of 
apparatus  and  equipment  already  designed,  but  the  en- 
gineers of  the  manufacturing  organization  have  steadily 
held  out  against  such  policy,  regardless  of  the  apparent 
need  of  the  moment.  The  swing  of  the  pendulum  from 
60  cycles  to  25  cycles  and  back,  has  covered  a  period  of 
many  }'ears  and,  therefore,  cannot  be  considered  as  a 
fad  of  the  moment,  but  is  the  result  of  well  defined  ten- 
dencies, backed  by  the  best  engineering  experience  avail- 
able. 
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THERE  are  a  number  of  general  relations  between 
the  factors  which  enter  into  the  design  of  a  trans- 
former which  are  of  interest  and  value  in  show- 
mg  how  its  various  characteristics  are  dependent  upon 
one  another.  These  relation^  while  theoretically  cor- 
rect, are  based  upon  certain  assumptions  which  are 
only  approximately  true  and  for  but  a  limited  range  of 
variation.  For  this  reason  the  equations  must  be  used 
with  caution  and  with  a  full  knowledge  of  the  limita- 
tions imposed,  or  erroneous  results  will  be  secured. 


RELATION      BETWEEN      THE     OUTPUT     AND     DIMENSIONS, 
WEIGHT  AND  COST  OF  A  TRANSFORMER 

If  in  equation  2  section  A',  the  values  of  the  work- 
irig  densities  in  the  iron  and  copper,  and  the  space  fac- 
tor in  the  winding  are  constant,  it  is  evident  that  the 
output  P  is  proportional  to  .-U  /h.  Since  each  of  these 
areas  is  proportional  to  the  product  of  their  dimensions, 
they  are  proportional  to  the  square  of  one  of  the  dimen- 
sions of  the  transformer.     If  one  of  the  dimensions  of 
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the  transformer  be  represented  by  b  then  the  product 
of  /UAi  is  proportional  to  b*,  then, — 

P     cc     fe*      (/) 

or  the  output  of  a  transformer  is  proportional  to  the 
fourth  power  of  its  dimensions. 

Example: — If  the  dimensions  of  a  transformer  be  in- 
creased by  10  percent,  what  will  be  the  increase  in  its  output 
rating,  assuming  that  it  is  not  limited  by  the  heating  of  the 
windings  ? 

From  equation  /  the  output  of  the  transformer  becomes 
(l.l)'  or  1.46  times  the  original  rating. 

Since  the  weight  and  cost  of  the  active  material  in 
a  transformer  increase  as  the  cube  of  its  dimensions, 
from  e([uation  i  the  relations  between  its  output,  cost 
and  weight,  can  be  determined,  as  follows, — 

P  a    ( U'eiglit)  '  (.') 

P  '^    (Cos/)  '   (3) 

Example: — If  the -cost  and  weight  of  the  active  material 
in  a  transformer  be  increased  by  10  percent,  what  will  be  the 
increase  in  its  output  rating? 

From  equations  2  and  j  the  output  of  the  transformer 
becomes   (i.l)  '    or  1.13  times  the  original  rating. 

The  same  rates  of  increase  will  apply  with  some 
degree  of  accuracy  to  the  total  weights  and  costs  of  the 
transformer,  if  the  ranges  of  increase  or  decrease  are 
not  large  and  it  is  assumed  that  the  same  constants 
of  design  apply. 

Example: — If  a  5  k.v.a.  transformer  weighs  235  pounds, 
what  will  be  the  approximate  weight  of  a  10  k.v.a.  unit  of 
similar  design? 

From  equation  2  the  weight  of   the   10  k.v.a.  transformer 
/lo  Y* 
will  be  appro-ximatcly  235  X  I  -7- I     or  395  pounds. 

Example: — If  the  selling  price  of  a  5  k.v.a.  transformer 
is  $73-50,  what  is  the  approximate  selling  price  of  a  10  k.v.a. 
unit? 

From  equation  J  the  selling  price  of  the  10  k.v.a.  unit  will 

be  approximately  $73.50   X  I  -^r)      or  $123.50. 

RELATION    BETWEEN   THE  OUTPUT  AND  THE  SUM   OF  THE 
IRON  AND  COPFER  LOSSES  OF  A  TRANSFORMER 

Both  the  sum  of  the  iron  and  copper  losses  of  a 
transformer,  as  well  as  its  total  equivalent  loss,  may  be 
expressed  in  terms  of  its  k.v.a.  output.  The  sum  of  the 
losses  L,  may  be  expressed  in  terms  of  the  iron  and  cop- 
per loss  as  follows, — 
L  —  Ls+L, 
or,  L  =  Wi  C,  -I-  JV,  Co 

The  weight  of  iron  and  copper  G"  and  Gc  in  the 
transformer,  are  proportional  to  the  volumes  of  those 
elements.  Since  the  volume  of  an  object  is  proportional 
lo  the  cube  of  its  dimensions,  if  b  is  one  of  the  dimen- 
sions of  a  transformer,  the  weight  of  both  the  iron  and 
copper  elements  are  proportional  to  b^.  The  above 
equation  may  thus  be  written, — 

Z.    oc     II  \  I/-  +    Wc  t' 

or,  L  oc   ((/■  -t-  U  ,)  b^ 

Assuming  that  the  flux  density  in  the  iron  and  the 
current  in  the  copper  are  constant,  this  relation  may  be 
written, — 

L  cc  «■■ (./) 

That  is  the  sum  of  the  losses  varies  as  the  cube  of  the 
linear    dimensions    of    the    transformer.     It    has    been 
shown  in  ecjuation  j  that  /'  <^  h'^  and  since  L   '^  b^ 
I.  cc  (/')'«  (5) 


This  means  that  with  transformers  of  greater  and 
greater  size,  using  more  copper  and  iron  in  their  coils^ 
and  magnetic  circuits,  the  output  and  total  loss  increase 
such  that  the  sum  of  the  losses  increases  as  the  ^  power 
of  the  output  rating. 

Example: — If  the  sum  of  the  losses  for  a  2S  k.v.a.  trans- 
former is  570  watts,  what  will  be  the  approximate  sum  of  the 
losses  for  a  50  k.v.a.  unit  of  similar  design? 

From  equation  5  the  sum  of  the  losses   for  the  50  k.v.a. 

/  50  Y'l 
transformer  will  be  approximately  570  X  I  — r  I     or  958  watts. 

If  equation  5  be  divided  through  by  P,  the  follow- 
ing expression  results,  which  gives  the  relation  between; 
the  total  losses  for  diflierent  sizes  of  transformers  in  a 
form  more  convenient  for  ordinary  use ; — 


Percenlage  of  total  loss,  cc  77^ 


(6) 


Example: — If  the  percentage  of  total  loss  of  a  7.5  k.v.a^ 
transformer  is  2.67  percent,  what  is  the  approximate  per- 
centage of  total  loss  for  a  15  k.v.a.  unit? 

From   equation   6   the   loss    for   the    15   k.v.a.   transformer 

/7-5\'^* 
would  be  approximately  2.67  X  I  —  I       or  2.25  percent. 

REL.^TION  BETWEEN  THE  OUTPUT  AND  TOTAL  EQUIVALENT 
LOSS  OF  A  TRANSFORMER 

Equation  /j,  section  IV  may  be  written,  when  the 
frequency  is  constant,  as  follows : — 


Wi  Wc  •Jc 


Multiplying  through  by  Gi  -'    G.-  -  ,  where    Gi    and 
G,-    are  the   weights   of  iron  and  copper   respectively.- 

gives, —  _L      J— 

-^      -^     PGx  -'  C.    - 

I  .  ^r       ^    „  ■ ■ 

^'  1  ^^  c  --^c 

or  when  y  is  equal  to  2 


Lit, 


(P  Ci  -'  G,    -'    I 


.(7) 


This  equation  shows  the  relation  between  the 
equivalent  total  loss  of  the  transformer  and  its  output 
rating.  Assuming  a  transformer  of  fixed  dimensions, 
working  at  a  definite  frequency,  the  equivalent  total  loss- 
is  proportional  to  the  square  of  the  output  rating.  That 
is,— 

Zi^e-    /'^ (S) 

Example  :^li  the  product  of  the  losses  for  a  100  k.v.a. 
transformer  is  6  x  lo',  what  is  the  product  of  the  losses  tor  a 
200  k.v.a.   unit? 

From   equation   S   the   product   of    the   losses    for   the   200 

J       /  200  \- 
k.v.a.  transformer  will  be  approximately  6  x  10    x  [—[^ J    or 
24  X  10^     If  the  ratio  of  the  copper  to  the  iron  loss  is  2  for 
the  100  k.v.a.  unit  it  will  be  the  same  for  the  200  k.v.a.  trans- 
former,   therefore, — 

L;  =      lu2^  =  ,093  »'"//^- 
Lc  =  2  X  logj  =  2/90   Walls. 
Equation  S  may  be  divided  through  by  P,  which 
gives,       \"  cc  jP,  or  the  .equivalent  total  loss  expressed 
as  a  percentage  of  the  output,  is  proportional  to  the 
output  rating  or, — 

Percentage  of  equivalent  total  loss  cc  P  (p) 

This  means  that  if  a  curve  be  plotted  between  the 
percentage  of  equivalent  total  loss  and  output  ratmgs. 
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it  will  be  a  straight  line  if  the  same  constants  of  design 
be  maintained,  and  the  ratio  of  the  copper  and  iron 
losses  is  constant.  This  relation  gives  an  easy  way  to 
determine  the  losses  of  a  line  of  transformers,  when  the 
losses  for  two  similar  designs  of  different  rating  are 
known. 

Evample-^li   the  iron   and  copper  losses   for  a  5   and  a 
200  kva     2300  to  230  volt,  60  cycle  transtormer,  are  as  given 
in  the  table  below,  what  are  the  losses  of   the  other  sizes  ot 
the  line  using  the  same  constants  of  design? 
K.V.A.  Watts  Iron  Loss    Watts  Copper  Loss  by      -LiLc 

Wattmeter  at  75°  C.  P 

5  45  90  810 

200  I I 20  2240  12500 


Plotting  the  curve  between  k.v.a.   rating  and 


LlLe 


p    -  gives 

the  straight  line  shown  in  Fig.  i.  The  performance  of  this 
line  of  transformers  from  this  curve  would  be  approximately 
as  follows : 


K.V.A. 

5 

7-5 
10 

15 

25 

37-5 

50 

75 

ICO 

325 
150 
200 


Watts  Iron  Loss 

45 

61 

74 

99 
158 
225 
304 
433 
570 
710 
S50 

1 1  JO 


Watts  Copper  Loss  by 

Wattmeter  at  75°  C. 

50 

■    122 

148 

198 

316 

4=;o 

608 

866 

1 1  JO 

1420 
1700 

22A0 


11 000 

1 

! 

1 

/ 

/ 

10000 
-9000 

/ 

/ 

/ 

/ 

/ 

/ 

-^L 

-/ 

/ 

-5000 
-4000 

/ 

/ 

-3000 

I 

/ 

/ 

-2000 

A 

-1000 
0 

^ 

0  20  ' 

)  e 

0  so  100  120  I 

0  I 

>0  IBO 

K  y  A  R-lfnu-P 

1 

FIG.    I — THE    EOUIV.M.EXT    TOT.\L    LOSS 

Expressed  as  a  percentage  of  the  transformer  k.v.a.  rating 
is  directly  proportional  to  the  k.v.a.   rating. 

KELATION    BETWEEN    THE    TOT.^L    EQUIVALENT    LOSS    AND 
THE  DIMENSIONS,  WEIGHT  AND  COST  OF  A  TRANSFORMER 

If  in  equation  7  the  output  and  space  factor  re- 
main constant  and  the  size  of  the  transformer  be 
changed  by  varying  its  dimensions,  the  equivalent  total 
loss  may  be  expressed  in  terms  of  the  dimensions,  as 
follows : — 

LxL,<.\-Y) (/..) 

This  follows  from  the  fact  that  the  areas  of  the 
magnetic  circuit  and  the  winding  sections  are  propor- 
tional to  the  square  of  h,  and  the  weights  of  iron  and 
copper  to  the  cube  of  h,  and  3'  is  equal  to  2. 

Example: — If  the  dimensions  of  a  transformer  be  in- 
creased 10  percent,  what  will  be  the  change  in  the  equivalent 
total  loss? 


From  equation   10  the  etpiivalent  total  loss  becomcsl^_^l 
or  0.83  times  the  origina!  value. 

Further,  since  the  weight  and  cost  of  the  active  ma- 
terial varies  as  b^  this  expression  may  be  written, — 


^'^=-(/t4^J 


(") 


and 


^^^--{rii)^ -- c^) 

E.vaiiitlc:— It  the  weight  and  cost  of  the  active  material 
in  a  transformer  be  increased  10  percent,  what  will  be  the 
change  in  the  equivalent  total  loss? 

From   equations    II   and    12,   the   equivalent   total   loss   be- 
comes!—  I     or  0.93  times  the  original  value. 
If  the  copper  loss  is  constant, — 


Cos 


'(i:)' 


■   (/i) 


and  when  the  iron  loss  is  constant- 


Cos/' 


(xJ 


.(/7) 


Example: — If  the  iron  loss  of  a  transformer  be  reduced 
10  percent,  how  much  can  the  cost  of  its  active  material  be 
reduced,  the  copper  loss  remaining  constant? 

From  equation  13  the  cost  of  the  active  material  becomes 


fc)'  " 


r  1. 18  times  the  original  value. 

RELATION    BETWEEN   THE  COST  OF  THE  ACTIVE   jMATERIAL 

FOR   A    GI\'EN    IRON    LOSS   AND   THE    QUALITY    OF    IRON    IN 

THE  MAGNETIC  CIRCUIT 

For  a  constant  iron  loss,  if  the  quality  of  the  iron 
in  the  magnetic  circuit  be  improved,  less  material  may 
be  used.  Equation  /j  gives  the  relation  between  the 
iron  loss  and  the  cost  of  the  active  material  but,  if  the 
percent  quality  of  the  iron  be  improved,  the  result  is 
equivalent  to  increasing  the  iron  loss  of  the  transformer 
the  same  percentage,  therefore, — 

Cost  oc   (percent  inm)    [13) 

This  assumes  that  the  magnetic  density  in  the  iron 
is  not  limited  by  its  saturation,  but  that  it  may  be  freely 
varied  through  the  range  permit' ed  by  the  change  in 
the  quality  of  the  iron. 

Example: — What  would  be  the  relative  costs  of  two  trans- 
formers, one  built  with  100  percent  quality  of  iron  and  one 
built  with  90  percent  quality  of  iron? 

From  equation  /j  the  cost  of  the  transformer  with  90  per- 
cent iron  is  (0.90)  or  0.S5  of  the  cost  of  the  transformer  with 
100  percent  iron. 

VARIATION  OF  THE  COST  WITH  THE  SPACE  FACTOR  OF  THE 
WINDING   SECTION 

With  everything  constant  except  the  dimensions  of 
the  transformer  and  the  space  factor  of  the  winding 
section,  it  will  be  found  from  equation  7  remembering 
that  the  cost  of  the  active  material  varies  as  b^,  that, — 


Cos! 


i-k)' 


(16) 


Example:— What- win  be  the  relative  cost  of  the  active 
material  in  two  transformers,  one  of  which  has  a  ten  percent 
better  winding   space   factor  than   the  other? 

From   equation   16,   the  cost  of   the   transformer   with   the 

better  space  factor  is  (^TTZT  )     or  0.75  of  the  cost  of  the  trans- 
former having  the  poorer  space   factor. 
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The    purpose    ot    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies   throughout    the    country. 


The   co-operation    of    all    those    interested    in 
operating  and  maintaining  railway  equipment 
is   invited.      Address  R.   O.   D.   Editor. 


Drying  and  Baking  Ovens 


Dipping   and   baking   armatures   and  fields : — 
I — Keeps  out  moisture  and  dirt. 
2 — Acts  as  bond  to  prevent  vibration. 
3 — Improves   insulation. 
4 — Decreases  maintenance. 
5 — Increases  heat  conductivity. 

Where  the  service  does  not  require  a  large  oven,  a  small 
oven  o£  comparatively  cheap  construction  may  be  built  and 
operated  with  good  results. 

OVEN    CONSTRUCTION 

A  good  oven  may  be  constructed  of  two  inch  asbestos 
block  supported  outside  and  inside  b}'  one-sixteenth  inch  sheet 
steel.  An  oven  six  feet  high,  3.5  feet  wide  and  4.5  feet  deep 
makes  a  very  convenient  size  for  average  operating  conditions. 
The  door  should  be  air  tight  and  for  this  reason  may  best  be 
placed  on  the  3.5  foot  side,  if  the  whole  side  is  to  be  taken  up 
bv  the  door. 


FIG.    I — TYP1C.\L  li.\KlNG   OVEN 

Showing   arrangement    of    steam    pipes,   ventilating    equipment 
and  temperature  indicator. 

HEATING   UNITS 

The  heating  units  may  consist  of  steam  coils  or  electric 
heaters.  Steam  coils  should  be  arranged  on  the  floor. 
Twenty-five  standard  1.5  inch  pipes  the  length  of  the  oven 
will  be  sufficient  in  most  cases,  for  low-pressure  steam.  The 
joints  should  be  welded  to  avoid  the  possibility  of  escaping 
steam  giving  the   apparatus   a  vapor  bath. 

If  electric  heaters  are  used  it  will  require  six  3  k\v  heat- 
ing units  to  heat  the  oven  and  load  up  to  a  temperature  of  a 
100  degree  C.  in  approximately  two  hours.  A  smaller  number 
of  heaters  will  require  a  correspondingly  longer  time.  After 
the  baking  temperature  is  reached,  heat"  will  be  required  only 
to  supply  the  radiation  losses  and  heat  the  ventilating  air. 
One  three  kw  unit  will  be  suflicient  for  this,  or  still  better, 
four  units  of  this  size  may  be  used,  connected  in  series-parallel, 
as  shown  in  Fig.  3.  Seven  single-pole  double-throw  switches 
will  be  required  for  this  change.     The  exact  amount  of  heat 


required  to  maintain  a  given  temperature  cannot  be  pre- 
determined accurately,  as  the  construction  of  the  oven,  ventila- 
tion, temperature  of  the  surrounding  air,  radiation  and  number 
and  size  of  armatures  or  fields  being  dried  or  baked  will 
affect  the  heat  consumption.  The  amount  of  heat  required  may 
readily  be  determined  by  test.* 

VENTILATION 

The  oven  must  always  be  ventilated  so  that  the  gases 
may  escape.  If  it  is  not  ventilated  the  air  will  become 
saturated  and  incapable  of  absorbing  any  more  moisture. 
For  the  above  size  of  oven  an  air  inlet  consisting  of  six  two 
inch  holes  equally  spaced,  three  in  the  front  and  three  in  the 
rear,  at  the  bottom  of  the  oven  are  recommended.  The  air 
outlet  may  consist  of  a  hole  six  inches  in  diameter  in  the  center 
of  the  top.  Ventilation  may  be  varied  by  means  of  a  damper 
placed  in  this  opening.  Complete  change  of  air  should  take 
place  at  least  three  times  an  hour.  While  these  openings  will 
probably  be  found  of  sufficient  size,  the  correct  openings  for  a 
given  installation  may  best  be  determined  in  practice. 

If  a  more  elaborate  oven  is  desired,  the  heating  coils  may 


FIGS.    2    and   3 — CONNECTIONS    OF   SEVEN   DOUBLE   THROW    SWITCHES 
FOR    SERIES-P.\RALLEL    COMBIN.^TIONS 

Fig.  2— Switches  closed  to  give  full  parallel  connection  to 
bring  oven  up  to  the  operating  temperature. 

Fig.  3 — Switches  closed  to  give  series  parallel  connection 
of   four  heating  units. 

be  placed  in  a  chamber  below  the  floor,  the  air  being  adiuitted 
to  the  bottom  of  this  chamber  passing  over  the  coils  and  up 
through  a  perforated  floor  to  the  oven.  An  exhaust  fan  at 
the  air  outlet  is  also  advisable. 

TEMPERATURE 

Temperatures  may  be  read  by  means  of  a  thermometer 
inserted  through  a  small  hole  in  the  oven.  As  the  tempcmture 
in  the  oven  mav  vary  at  dift'crent  places,  readings  should  be 
corrected  so  that  the  oven  is  kept  at  the  average  desired 
temperature  rather  than  the  indicated  temperature  as  measured 
in  one  place  bv  the  thermometer.  If  the  cost  is  not  prohibitive, 
a  recording  thermometer  is  more  desirable  than  the  bulb 
thermometer  mentioned  above.  This  also  should  be  calibrated 
to  read  the  average  oven  temperature. 

OVEN   TRUCK 

A  truck  similar  to  the  one  shown  in  Fig.  i,  is  very  good 
for  baking  armatures  in  a  vertical  position.  It  is  of  steel 
construction  with  a  number  of  holes  6.5  inch  in  diameter  cut 
in  the  truck  floor,  so  that  the  commutator  end  of  the  shaft 
may  pass  through  the  holes,  allowing  the  commutator  to  rest 
on  "the  floor  and  support  the  armature.  The  truck  floor  is  13 
inches  above  the  oven  floor  allowing  ample  clearance  for  the 
commutator  end  of  the  shaft.  The  hole  in  the  floor  of  the 
truck  should  be  somewhat  larger  than  the  shaft,  so  that  there 
will  be  ample  room  for  the  passage  of  warm  air  up  through 
the  ducts  of  ventilated  type  motors. 


*Instructions    for    dipping    and    baking    are    given    in    the 
TOURNAL  for  April,  '18,  p.   137. 
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The  Manufacture  of  Mica  Cells 


In  the  manufacture  of  mica  cells,  iroughs,  etc.,  the 
material  out  of  which  they  are  made  must  be  heated  before 
it  can  be  formed  into  the  desired  shape.  Flat  pieces  of  bui  t- 
up  mica  of  the  proper  size  and  shape  to  make  the  iinishcd  cells 
or  troughs  are  placed  on  a  warming  table  and  heated  until  the 
shellac  bond  softens,  when  they  are  removed  from  the  table 
and  while  still  warm  and  the  .shellac  is  still  soft,  are  formed  to 
the  desired  shape  and  held  thus  until  they  have  cooled  and  the 


HG.    I — WAUMIXG    1.\1;1.1S 

shellac  hardened.  Long  cells  require  a  longer  time  to  form 
and  in  order  to  prevent  portions  of  the  mica  from  cooling, 
they  are  formed  over  a  steel  bar  which  has  previously  been 
heated  on  the  warming  table. 

The  warming  tables  on  which  this  is  done  are  34  in.  long, 
18  in.  wide  and  4  in.  high,  being  designed  to  be  placed  on  an 
ordinary  work  bench.  Each  table  consists  of  two  heavy  steel 
plates  Ijetween  which  the  heaters,  four  in  numlier,  are  clamped. 


Heater  Terminals 


r-Warming  Table 


vvw 


.^\^A^w^w^A^\^^^/^\^vAAWVWW^w\^^^^A-' 


— •-^vvv^^vv^\^v\A^AAVv^^^^^WW^AA^-\w\^■vv^AA^ 
-^^-^^v^^wv\vw\AAv^VvWv^vv\^\^\^wvvWV\A^,vJ 


^-^v^^vv^wvv>.VA^^^/W^^v^■^^^^\vvw^/vw^^\^^A^ 


_^AAA^^^vvvv^yyvy 


Doublc-Polc. 
Double-Throw 
Knife  Switch  ^,^ 


FIG.    2— LUxN-XKCTlONS     y_)V     ELECTRICALLY-HEATED     WARMING     TABLES 

These  plates  arc  mounted  in  an  iron  box  and  are  provided  with 
legs  at  the  four  corners.  There  is  a  space  between  the  plates 
and  the  bottom  of  the  box,  whic'h  is  filled  with  a  heat  insulating 
material. 

The  heaters  themselves  consist  of  two  flat  ribbon  resistors 
assembled  in  mica  sheaths,  and  enclosed  in  a  strong  steel  cas- 
ing, the  ends  of  the  resistors  being  brought  out  to  terminals 
mounted    on    the    casing.     Each    heater    when    completely    as- 


sembled, ready  for  installation  in  the  warming  table,  is  33  in. 
long,  2.25  in.   wide  and   ^   in.   thick.     The  heater  unit   has   a 

TABLE  I-COMPARATIVE  HEATING 
CHARACTERISTICS 


STEAM 

Steam  supply  not 
always  available,  es  ■ 
pecially  where  most 
convenient  to  install 
warming    table. 

Expensive  and  not 
always  convenient  to 
install   piping. 

Considerable  loss 
of  heat  from  piping, 
especially  where  long 
piping    is    necessary. 

Tem:ierature  is  lim- 
ited by  steam  pres- 
sure. If  but  even 
moderately  high  tem- 
l)eratures  are  requir- 
ed, it  involves  the 
expense  of  a  licensed 
steam  engineer  who 
might  otherwise  not 
be  reouired. 

There  is  a  i>roba- 
bility  of  leaks  from 
steam  uiping,  espec  - 
ially  at  high  pres- 
sures 

A  s  temperature 
varies  with  the  pres- 
sure, it  is  necessary 
to  vary  the  steam 
pressure  where  dif- 
ferent temperatures 
are  required,  which 
is  inconvenient,  and 
difficult  of  duplica- 
tion. 


insurance  rates 
are  high  on  account 
of  the  use  of  a  high 
pressure  steam 

boiler. 


Moisture  is  liable 
to  be  absorbed  by 
the  material,  which 
■would    be    harmful. 


GAS 

Not  always  avail- 
able especially  where 
most  convenient  to 
install  warming 
table. 


Expensive  and  not 
always  convenient  to 
install    piping. 

Considerable  loss 
of  heat  to  the  sur- 
rounding  air. 


There  is  danger  of 
leaking  gas  forming 
an  exnlosive  mixture 
causing  explosions 
and  five. 

Necessary  to  reg  - 
ulate  flow  of  gas  to 
obtain  different  tem- 
peratures, which  is 
inconvenient,  and 
difficult  of  duplica- 
tion. 


The  j)roducts  of 
combustion  '  are  un- 
pleasant and  un- 
healthy, and  make 
bad  woi-king  condi- 
tions, especially  in 
Summer. 

Insurance  rates  are 
high  because  of  dan- 
ger of  fire  and  ex- 
plosions. 


The  pressure  is 
liable  to  vary  and 
when  a  gas  pressure 
regulator  is  used, 
there  is  a  possibility 
that  it  will  get  out 
of  order  and  cause 
table  to  cool  off  or 
overheat  and  T)er- 
haps  spoil  the  ma- 
terial that  was  being 
heated. 

Soot  given  off  in 
the  combustion  of 
gas  may  soil  and 
otherwise  damage 
the  material  being 
heated. 


ELECTRIC 

Now  a  T  a  il  a  bl  e 
practically  every- 
where.  and  tables 
can  be  installed 
where  most  conven- 
ient. 

Circuits  can  be 
easily  and  cheaply 
extended. 

No  loss  of  heat 
from  wiring,  and 
practically  none  in- 
to the  surrounding 
air. 

Temperatures  ob- 
tainable are  far  in 
excess  of  those  that 
can  be  obtained 
from   steam. 


No  leakage  en- 
countered with  the 
use    of   electricity. 


Easv  to  obtain  dif- 
ferent temperatures 
by  proper  use  of 
switches,  and  exact 
duplication  is  easy 
and    convenient. 


There  are  no  un- 
pleasant or  un- 
healthy products  of 
combustion,  an  d 

working  conditions 
are  better  than  with 
iny   other   fuel. 

Insurance  rates  are 
low  on  account  of 
absence  of  any  pos  - 
sibilitv  of  five  and 
explos,ion. 

There  is  no  dan- 
ger of  table  overheat- 
ing, or  cooling  and 
spoilins  the  material. 


No  possibility  of 
the  material  becom- 
ing wet  or  dirty,  or 
otherwise  damaged 
from  products  of 
combustion. 

May  be  made  port- 
able. 

Production  greater 
than  with  gas  or 
steam  since  tables 
can  be  placed  where 
most  convenient,  or 
moved  around  to 
suit   conditions. 
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maximum  rating  of  looo  watts,  but  connections  arc  made  be- 
tween the  terminals  and  a  D-P,  D-T  knife  switch  having  a 
special  cross-connection,  whereby  the  input  to  each  heater 
section  is  cither  250  watts  or  500  watts,  according  to  the  side 


Higb         Medium 
-1  R-2       R-1    R-2 


Line  I         I   Line  I         I  Line  I  I  Line 

(a)  (b)  (c) 

FIG.   3 — CONNECTIONS     FOR     CHANCING     HEATERS     FROM     SERIES 
TO   PARALLEL 

(a) — Using  snap  switch  for  three  heats;  (b)^Using  two 
knife  switches  for  eight  heats  and  (c) — Using  two  knife 
switches   for  thirteen  heats. 

on  which  the  switch  is  closed.    The  total  input  of   the  table 
thus  may  be  either  1000  watts  or  2000  watts. 

With  the  maximum  input  of  2000  watts,  the  table  can  be 


brought  up  to  operating  temperature  in  three  hours.  This  input 
is  sullicienl  to  maintain  the  surface  of  the  warming  table  at 
160  degrees  C.  continuously,  which  is  the  proper  operating 
temperature.  If  it  were  necessary  to  bring  them  up  to  operat- 
ing temperature  more  quickly,  by  the  use  of  an  adt;  Konal 
switch  or  the  substitution  of  a  three-heat  switch,  as  sh  n  in 
Fig.  3,  both  heaters  could  be  connected  in  parallel,  gi^M:  ,n 
input  of  4000  watts,  and  reducing  the  time.  ^  The  le.;..!-  • 
time  required  to  heat  the  mica  pieces  varies  with  the  th  ■'•:i  • 
and  amount  of  shellac  present  in  the  mica  from  one-half  I  <'ne 
minute. 

That  these  tables  have  proved  satisfactory  is  shown  by  the 
fact  that  they  have  been  in  constant  use  for  more  than  eigh. 
years,  without  any  attention  whatever  having  been  given  their, 
in  the  way  of  repairs.  The  reason  for  their  success  as  com- 
pared with  similar  tables  heated  by  steam  or  gas  are  as 
shown  in  Talile  I. 

When  all  the  advantages  of  such  electrically-heated  warm- 
ing tables  are  realized,  there  should  be  a  great  demand  for 
these  devices.  Their  use  is  not  limited  to  the  warming  of  mica, 
as  there  are  a  wide  variety  of  uses  to  which  such  tables  can 
be  put. 


UR  subscribers  are  in\ited  to  use  this  department  as  a  tncans  of  securini^ 
authentic  information  on  electrical  and  mechanical  subjects.  The  topics 
sliould  be  of  general  interest;  informalion  invohim;  the  specific  design  of 
inilividual  pieces  of  apparatus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  for  an  intelligent  answer. 


A  PERSONAL  reply  is  mailed  to  each  questioner  enclosing  a  stamjied.  self 
addressed  envelope  as  soon  as  the  necessary  information  can  be  obt.iined. 
Anonymous  questions  cannot  be  considered.  As  each  question  is  answered 
by  an  expert  on  the  subject  invoKed,  and  checked  by  at  least  two  offieri, 
a  reasonanle  length  of  time  should  be  .tlloued  before  expecting  an  answer. 


1506 — RoTARV  Converter  Dkush  \\  ear 
— We  have  a  150  kw.,  four-pole, 
three-phase,  25  cycle  rotary  con- 
verter, which  is  compelled  to  build 
up  always  in  the  same  direction. 
All  the  brushes  on  the  positive  studs 
are  wearing  rapidly  whereas  the 
brushes  on  the  negative  show  no 
signs  of  wear.  The  polarity  was  as- 
certained by  means  of  a  voltmeter 
and  checked.  All  studs  have  the 
same  number  of  brushes  and  the 
same  grade.  The  direct-current  sys- 
tem is  two  wire,  220  volt. 

L.T.F.    (la.) 
On    a    machine    carrying    direct    cur- 
rent, there  is  an  action  resembling  elec- 
trolysis  between   the  brushes   and  com- 
mutator,   which    tends    to    eat    or    wear 
away  the  brushes  of  the  negative  arms 
(i.e.,    the    arms    on    which    the    current 
returns    to    the    machine)     and    deposit 
copper   on   the   brushes   of    the    positive 
arms,   (i.e.,  the  arms  on  which  the  cur- 
rent   leaves    the    machine).      In     other 
words,    the    current    simply    carries    the 
carbon   of   the   brushes   and   the   copper 
of   the  commutator  along  in   the   direc- 
tion it  is  flowing.     On  machines  having 
good  commutation  and  smooth  commu- 
tators, this  action  is  usually  very  slight. 
Poor    commutation    causes    the    brushes 
to    burn    and    aggravates    the    apparent 
electrolytic       action.        This       burning 
roughens     the     commutator,     which     in 
turn   increases  the  burning,   and   so  on, 
making     the     action     cumulative.       The 
rough    commutator    mechanically    wears 
both   the   positive  and   negative  brushes 
but,  on  account  of  this  apparent  electro- 
lytic action,  the  negative  brushes  receive 
an     additional     electrical     wear     which 
causes  them  to  wear  away  more  rapidly 
than    the    positive    brushes.     These    are 
general    statements    and    in    each    par- 
ticular  case   the   relative   effects   of   the 
various   factors  concerned  depend  upon 
local  conditions.  In  this  particular  case, 
the   excessive  brush   wear  is  apparently 
on  the  positive  brushes,  which  is  adverse 
to    the    above    explanation,    pnd    which 
seems  to  indicate  that  the  reference  in 


the  (lucstion  to  the  positive  and  negative 
brush  arms  has  just  the  opposite  mean- 
ing from  the  above  definition  of  the 
positive  and  negative  arms.  It  is  sug- 
gested that  you  check  the  polarity  of 
the  brush  arms  in  line  with  the  aliovc 
definition,  and  see  if  the  excessive 
wearing  of  the  brushes  on  one  set  of 
arms  cannot  be  accounted  for  by  the 
explanation    given.  M.w.s. 

i5g7 — Delta  Connection  of  Trans- 
formers WITH  Unequal  Voltage 
Ratio — Can  the  following  trans- 
formers be  used  on  a  three-phase 
circuit,  delta  connected  on  both  pri- 
mary and  secondary?  What  woidd 
be  the  effect  of  the  extra  voltage  on 
the  secondan'  side  of  No.  2  on  their 
operations  where  connected  as  above? 
Two  of  these  transformers  i  and  2 
are  already  operating  on  open  delta 
primary  and  secondary  motor  loads. 
I — 200  k.v.a.,  6600 — 220/440  volt.  2— 
200  k.v.a.,  5040/6600 — 240/480  volt. 
3—200  k.v.a.,  6600/440  volt. 

M.c.A.  (mo.) 
Whin  three  transformers,  one  of 
which  has  a  voltage  ratio  different 
from  the  other  two,  are  connected  in 
delta,  the  effect  is  the  same  as  thoutrh 
the  clelta  connection  were  opened  and  a 
single-phase  voltage  intrpduced.  This 
voltage  acts  to  circulate  a  single-phase 
current  around  the  delta  and  is  resisted 
by  the  impedance  of  the  three  trans- 
formers in  series.  In  thf  nrcsent  cpse, 
the  circulating  current  will  be  something 
like  1.5  times  full-load  current.  It  wdl 
obviouslv  be  impossibe  to  carrv  any  ex- 
ternal load  on  the  bank  under  these 
circumstances.  j.ii.G. 

i5'-8— Commutator  Trouiii  f— \\'c  have 
in  service  a  1000  kw.,  600  volt.  720 
r.p.m.,  compound-wound,  motor-driven 
generator  with  both  interpoles  and 
pole  face  or  compensating  winding. 
It  has  eight  poles,  eight  brush  studs, 
twelve  brushes  per  stud.  This  gener- 
ator has  been  in  daily  service  for 
the  past  two  years  supplying  current 
to    a    railway    load    of    a.iproximatcly 


75    percent     fu'.l-lo,.d    current    daring 
the  off  peak  load,   125  to   150  percent 
load  during   the  peak  load  hours  ex- 
tending   over    a    period    of    2    to    2.5. 
himr-;.     Until  ten   days  ago,  the  com- 
mutation  has    been    absolutely    spark- 
less   for  all   loads   and  all   changes  ni 
load  up  to  and  including  the   150  per- 
cent load.     During  the  past   ten  days 
sparking    has    developed    and    I    note 
from    two    to    four   commutator   bars 
blackened     at     eight     eaually     distant 
points  around  the  commutator.  Spark- 
ing occurs   as    these   bars   pass   under 
the  brushes.     The  side  mica  on  com- 
mutator is   milled   out   to  a  depth   of 
approximately      1/16     inch.      I     have 
inspected    the    commutator     for    leaf 
mica ;  likswise  ground  it  to  eliminate 
flat    spots,    however,    the    eight    black 
spots    re-appear    after    several    hours 
operation  at  normal  load.  The  brushes 
are  on  mechanical  neutral,  all  equally 
spaced  around  the  commutator  and  in 
line  with  the  center  line  of  armature 
shaft.     The  commutating  field  and  all 
electrical  connections  and  adjustments 
same  as  made  liy  factory.     The  arma- 
ture   is    free    from    grounds,    with    no 
local  heating  of  any  of  the  armature 
conductors.  The  armature  is  equalized 
on  every  slot  conductor.     Shortly  be- 
fore this  sparking  develoticd  the  ma- 
chine arced  over  due  to  heavy  short- 
circuit    on    the    generator    leads.     Do 
you  attribute  this  sparking  and  black- 
ening of  bars  to  poor  electrical  con- 
tact  between   commutator   and    arma- 
ture    coils     or     armature     coils     and 
equalizer    connections?     There    is,   no 
visible   indication   of   poor  contact. 

C.E.O.    (I'A.) 

Commutator  bars  blackened  at  equally 
spaced  points  on  the  commutator  peri- 
phery arc  generally  caused  by  an  open 
circiiit  in' the  armature  winding.  Thi.s 
may  be  at  the  point  of  connection  to 
the'  commutator  necks  or.  most  likely, 
at  the  rear  of  the  winding,  if  two-piece 
armature  coils  are  used,  and  the  joints 
taped  over.    A  defective  joint  may  have 
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good  electrical  contact  at  stand-still,  and 
still  have  a  very  high  resistance  when 
the  machine  is  running  at  full  speed. 
It  is  unlikely  that  a  few  loose  cross- 
connections  would  cause  this  trouble, 
provided  the  armature  is  reasonably 
well-centered.  It  is  recommended  that 
all  joints  in  the  armature  circuit  be 
soldered.  f.t.h, 

1599 — Lightning  Arrester  Electrolyte 
—Is  the  old  electrolyte  from  alumi- 
num electrolytic  lightning  arresters 
good  for  fertilizer  or  any  thing  else? 

C.A.D.    (MINN.) 

The  value  of  old  electrolyte  from 
electrolytic  lightning  arresters  as  a 
fertilizer  would  be  so  small  as  to  be 
negligible.     We   do   not   recommend  it. 

G.C.D. 

1600  —  Test     \'olt.\ge     on      Rewound 
Arm.\ture — I  have  been  instructed  to 
see   that   all    direct-current   armatures 
wound   in   my   department    are   tested 
for   ground   with   2300   volts.     I    have 
understood     that     550     volts     test     to 
ground  on  250  volt  and  iioo  volts  on 
500     volt     armatures,     was     sufficient 
ground  test  for  all  ordinary  purposes. 
A    short    time   ago   three   coils    broke 
down   during  a   test  of  2300  volts   to 
ground    on    a    250   volt    armature.     A 
step  up  transformer  of  two  kilowatts 
capacity    was    used.     A    one    kilowatt 
transformer  of   2300  volts   to  ground 
was    used    first,    showing   no    ground, 
but  the  two  kilowatt  broke  down  the 
three  coils.     This   armature   was   well 
insulated   and   impregnated   with   var- 
nish,  but  was   still   sticky,   not  having 
had   time   to   dry   thoroughly.     Please 
advise  the  proper  voltage   for  ground 
tests   of    the   above   mentioned   arma- 
tures. R.P.M.    (UTAH.) 
The   rules   of   the   American   Institute 
of  Electrical  Engineers  require  that  all 
motors  or  generators  stand  an  insulation 
test  of  twice  the  line  voltage  plus   1000 
volts   for   one   minute.     This   would   re- 
quire a  test  of  2300  volts  for  one  minute 
on    a    650    volt    motor,    or    generator. 
Usually  the  same  insulation  is  used  for 
250  volts  as   for  650  volts.     Therefore, 
armatures  lor  250  volts  of  5  to  50  horse- 
power should  be  expected  to  stand  2300 
volts   if   they  have   the   same  insulation 
as  for  650  volts.     More  careful  winding 
is    required   to   meet   these   higher   tests 
than  the  lower  ones  and  it  will  be  more 
expensive,    especially    if    the    winder    is 
not    a    skilled    man.     From    the    service 
standpoint,   the  armature  has  better  as- 
surance   of    having    a    long    life    since 
there   will   not   be   places   much   weaker 
than   the   average.      If   a   testing   trans- 
former's  capacity   is   too    small    for   the 
armature   being  tested,   the   test   voltage 
is   pulled   down   and   may   not   puncture 
the  insulation.     The  one'kilowatt  trans- 
former   is    probably    too    small    for    the 
larger    motors    which    you    mention.     It 
is  generally  advisable  to  test  armatures 
before    banding    or    putting    wedges    in 
place  with  a  higher  voltage  than  will  be 
used    on    the    completed    armature,    as 
defects  can  more  easily  be   repaired  at 
that  time.     If  an  armature  is  only  partly 
rewound,    a    test    of    2300   volts'  is    too 
high;  550  volts  for  a  250  volt  armature 
or   HOC  volts    for  a  550  volt  armature 
would  provide  a   fair  test  for  such  re- 
wound armatures.  j.l.r. 

1601— Break  Down  of  Current  Trans- 
former—What  is  the  real  cause  of  a 
breakdown  of  a  current  transformer 
when  the  secondaries  are  left  open — 


high    induced     voltage     or     excessive 
core  losses    (eddy  and  hysteresis)  ? 

J.I.D.     (CAL.) 

A  current  transformer  operating  with 
secondary  circuit  open  has  a  high 
voltage  developed  in  the  windings  as 
the  entire  primary  current  is  magnetiz- 
ing. Also  the  iron,  being  saturated, 
has  high  losses  and  may  get  very  hot. 
Such  a  transformer  is  apt  to  fail  due 
to  high  voltage  between  turns.  Even 
if  the  insulation  withstands  this  voltage 
it  is  apt  to  fail  from  the  excessive 
temperature  of  the  core.  For  a  dis- 
cussion of  these  conditions  see  article 
on  "Characteristics  of  Current  Trans- 
formers on  Open  Circuit",  in  the 
Journal  for  February   1918,  p.  48. 

w.R.w. 

1602— Field    Discharge    Resistances — 
Is  it  necessary  to  have  field  discharge 
resistances    across    the    fields    of    150 
to     225     kw,     600     r.p.m.,     60     cycle 
alternators   with   a   direct-current   po- 
tential   of    30    to     135    volts?      It    is 
necessary    to    break    the    fields    under 
full-load  conditions.         j.h.b.    (wyo.) 
Field    discharge    resistance    should   be 
used  on  fields  of  alternators  having  the 
above      characteristics      and      operating 
under     normal     conditions.      Operating 
conditions    which    require    the    opening 
of  the  field  circuit  under  full-load  con- 
ditions,   as    mentioned    above,    on    ma- 
chines of  this  size  are  very  rare.     How- 
ever,  if    such   is    the    case,   a    field   dis- 
charge   resistance    will    be    even    more 
necessary,    on    account    of    the    greater 
amount   of   energy   which   must   be   dis- 
charged by  the  field.  iM.w.s. 

1603 — Generator  Windings — A  direct- 
current,  550  volt,  six-pole,  direct  con- 
nected compound-wound  generator 
has  a  commutator  of  152  segments, 
the  throw  of  the  armature  coils  being 
I  to  51.  What  effect  will  it  have  on 
the  voltage  if  these  coils  are  connected 
with  a  throw  of  from  I  to  52,  the 
generator  operating  at  the  same 
speed?  c.A.K.    (ky.) 

An  armature  having  152  commutator 
bars  and  a  throw  of  bar  I  to  bar  51, 
would  have  two  independent  or  "sand- 
wich" series  windings,  making  a  total 
of  four  parallel  circuits.  That  is, 
starting  with  any  bar  as  number  I,  and 
following  the  winding,  it  would  be 
found  to  close  upon  itself  after  every 
odd  bar  had  been  included;  and,  be- 
ginning with  one  of  the  remaining  bars, 
the  other  winding  would  be  found  to 
close  upon  itself  after  all  the  even  bars 
had  been  touched.  The  bars  would  be 
met  in  the  order  I,  51,  loi,  151,  49,  99, 
14'),  47,  97,  and  so  on,  every  other  bar 
being  taken  in  before  the  winding  re- 
entered itself  at  bar  i.  As  such  a 
winding  on  a  si.x-pole  machine  cannot 
be  properly  cross-connected,  there  is 
nothing  to  hold  the  two  windings  at  the 
right  relative  potential  at  every  instant, 
and  a  generator  so  wound  would  not  be 
certain  to  operate  satisfactorily.  If  the 
winding  were  connected  with  a  throw 
of  I  to  52  instead  of  i  to  =ii,  it  would 
be  an  ordinary  series  or  two-circuit 
winding.  The  order  of  connection  to 
the  bars  would  lie  i,  52,  103,  2,  53,  104, 
3,  54,  and  so  on,  every  bar  being  taken 
in  liefore  the  winding  closed  upon  itself 
at  bar  i.  With  this  arrangement  there 
W'ould  be  half  as  many  parallel  circuits 
as  before,  and  twice  as  many  con- 
ductors in  series,  so  the  voltage  gener- 
ated would  be  double  that  of  the  four- 
circuit   winding.  f.l.m. 


1604 — Polarity  Inuicator — Can  you  tell 
me    what    the    liquid    is    in    a    small 
liquid   polarity   indicator   of    the   kind 
in  which,  when  it  is  applied  to  a  cir- 
cuit,  the   liquid   at   the   negative   elec- 
trode turns  red?  e.m.   (mo.) 
A    liquid    polarity     indicator    of    the 
kind  mentioned  in   the  question  can  be 
made    by    using    a    neutral    solution    of 
sodium    sulphate,    to    which    has    been 
added  a   few   drops  of   phenolphthalein. 
This  solution   is   clear  when   neutral   or 
acid    and    turns    red    when    basic.     The 
formation   of   sodium   hydroxide  at   the 
negative  pole  will  cause  the  solution  to 
turn  red  and  indicate  the  polarity. 

L.w.c. 
160S — Changing  Induction  Motor  De- 
sign— We  have  a  number  of  220  volt 
induction  motors  which  we  would  like 
to  change  to  550  volts.  As  I  cannot 
do  this  by  reconnecting,  I  would  like 
information  in  regard  to  changing 
the  design  i.e.,  a  formula  or  method 
which  I  could  apply  to  any  induction 
motor.  e.b.y.    (mass.) 

The  first  consideration  in  changing 
these  motors  from  220  to  S50  volts  is 
to  note  that  the  number  of  effective 
conductors  per  slot  must  be  increased 
in  the  ratio  of  550  to  220^  or  in  other 
words,  there  must  be  as  close  as  possible 
to  2.5  times  as  many  effective  con- 
ductors in  the  slot.  This  of  course  re- 
quires a  corresponding  reduction  in  the 
size  of  the  individual  conductors,  the 
aim  being,  however,  to  get  the  same 
total  copper  section  in  the  slot  if  pos- 
sible. This  at  times  is  not  possilile  as 
the  space  factor  is  poorer  with  the 
greater  number  of  small  wires,  since 
there  is  a  greater  proportion  of  insula- 
tion. By  effective  conductors  is  meant 
that  parallel  connections  of  the  groups 
and  paralleling  of  the  wires  in  the  coils 
must  be  accounted  for  in  determining 
what  the  voltage  per  conductor  is,  as 
this  must  be  kept  practically  the  same 
in  going  to  a  higher  voltage,  the  in- 
crease in  number  of  conductors  taking 
care  of  this.  See  also  the  article  on 
"Reconnecting  Induction  Motors"  by  A. 
M.  Dudley,  in  the  Journal  for  Feb. 
1916.  B.B.R. 

1606 — Single-Phase  Load  on  Poly- 
phase Meter — Assuming  that  a  print- 
ing office  has  three-phase,  220  volt 
service  and  that  they  desire  to  use 
a  single-phase  melting  pot  or  motor, 
and  assuming  that  there  are  times 
when  the  three-phase  service  is  not 
supplying  current  to  any  other  piece 
of  apparatus  than  the  single-phase 
heating  elements  or  motor,  would  a 
polyphase  meter  register  accurately 
under  these  conditions?  Also,  would 
it  be  possible  to  get  accurate  regis- 
tration by  using  two  single-phase 
meters  instead  of  the  polyphase  meter 
under  these  conditions? 

c.e.f.  (minn.) 
Any  good  polyphase  wattmeter, 
properly  connected,  should,  within  the 
limits  of  ordinaiy  commercial  accuracy, 
measure  correctly  any  polyphase  load 
which  passes  through  it.  A  single-phase 
load  can  be  considered  as  an  exceed- 
ingly unbalanced  polyphase  load  and  the 
meter  should  measure  the  single-phase 
load  on  any  phase  as  accurately  as  it 
does  any  unbalanced  or  balanced  poly- 
phase load.  The  same  statement  applies 
to  the  metering  of  polyphase  loads  with 
two  single-phase  wattmeters,  except 
when  the  resultant  power-factor  is  be- 
low   50   percent.      Certain    combinations 
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of  unbalanced  polyphase  load  produce 
a  very  low  power-factor  in  one  or  more 
phases.  Thus  with  certain  combinations 
of  lamp  loads,  and  more  especially  with 
inductive  loads,  it  is  possible  for  one 
of  the  single-phase  meters  to  run  back- 
wards. If  the  meter  registered  as 
accurately  when  running  backwards  as 
when  running  forwards,  the  power 
would  still  be  correctly  measured  if  the 
algebraic  sum  of  the  readings  was  taken 
at  all  times.  This  is  practically  true  at 
full  loads,  but  at  light  loads,  on  account 
of  the  light  load  adjustment  which  is 
used  to  overcome  the  friction  of  the 
meter,  the  meter  will  be  slow  when  run 
backwards  by  twice  the  light  load  ad- 
justment. However,  this  is  of  small 
importance  as,  although  the  percentage 
error  on  this  particular  meter  is  high 
at  light  loads,  the  gross  error  would  be 
only  a  small  percentage  of  the  total 
load  measured.  Polyphase  watthour 
meters  and  two  single-phase  watthour 
meters  are  regularly  used  for  the 
metering  of  polyphase  loads  which  have 
single-phase  lights  as  part  of   the  load. 

CR.R. 

1607 — B.\NDiNG  Gkner.\tors  —  In  the 
April  1917  JoURN.-\L  in  "Railway 
Operating  Data",  you  state  that  steel 
wire  is  the  proper  material  to  band 
direct-current  motor  armatures.  We 
banded  the  armature  of  a  700  ampere. 
600  volt  direct-current  generator  with 
steel  wire  and  when  we  got  the  load 
on  it  the  wire  expanded  and  started 
to  come  oflf.  We  had  to  use  brass 
wire.  On  a  30  kw  direct-current 
generator  the  wire  got  hot  but  did 
not  come  off.  V\'\\y  is  steel  wire  all 
right    on    direct-current    motors    and 


not   on    direct-current   generators? 

R.MCK.    (n.h.) 

There  is  no  essential  difference,  so 
far  as  the  banding  is  concerned,  be- 
tween a  direct-current  motor  and  a 
generator.  It  is  probable  that  the  heat- 
ing in  the  steel  bands  in  the  two  gen- 
erators mentioned  w-as  caused  by  the 
way  in  which  the  bands  were  applied. 
They  would  have  become  equally  hot 
if  the  machines  were  operated  as 
motors.  Steel  wire  is  regularly  used 
for  banding  direct-current  generators 
and  motors  even  of  the  largest  size. 
Steel  wire  bands  are  subject  to  heating 
from  one  source  which  is  absent  when 
brass  is  used,  fir.,  magnetic  hysteresis. 
Cases  of  hot  bands  have  been  investi- 
gated, but  in  most  cases  the  trouble  has 
been  found  to  be  due  not  to  heat  gener- 
ated in  the  bands  themselves  but  to  con- 
duction of  heat  from  adjacent  hot  parts. 
The  need  of  using  wire  of  high  tensile 
strength,  and  of  banding  under  con- 
siderable tension,  if  loose  bands  are  to 
be  avoided,  is  obvious.  A  matter  of 
fundamental  importance  is  to  band  in 
such  a  way  that  the  completed  band 
rests  solidly  on  the  armature  teeth. 
If  the  coil  projects  from  the  slot  suffi- 
ciently to  prevent  this  firm  contact,  the 
shrinking  of  the  coils  when  in  service 
will  result  in  looseness  of  the  band. 
This  last  point  is  especially  important 
and  may  have  been  the  cause  of  the 
trouble,  for  it  is  obvious  that,  as  the 
tension  of  the  bands  is  taken  by  insula- 
tion on  the  coils,  the  band  tension  will 
be  released  as  the  coil  insulation  shrinks 
with  service.  f.l.m. 

1608—  T..\ps     ON     Tr.\nsformers  —  The 
writer   has    a    10   kw.,   040   to    110-220 


volt  transformer  which  has  480  volts 
on  the  primary  coils,  which  brings  up 
the  secondary  voltage  to  about  125 
volts.  I  would  like  to  know  if  I 
could  not  open  the  secondary  winding 
and  take  out  taps  on  both  series  coils 
of  the  secondary  coils  to  bring  the 
secondary  voltage  down  to  about  no 
volts,  as  I  cannot  reduce  the  primary 
voltage  on  account  of  other  trans- 
formers with  480  volt  primaries. 
Please  explain  how  to  take  the  trans- 
former apart  and  take  out  taps. 

E.M.D.   (wash.) 

To  put  taps  on  the  two  low-voltage 
coils,  it  would  be  necessary  to  dis- 
assemble tjie  entire  transformer.  That 
would  be  difficult  for  an^-  one  not 
equipped  to  do  that  class  of  work.  A 
Isetter  way  to  arrive  at  the  same  results 
is  to  add  turns  to  the  high-voltage  coil. 
Assuming  the  transformer  to  be  a  60 
c.vcle,  Westinghouse  Style  No.  lig259A, 
this  can  be  done  by  first  taking 
transformer  from  case  then  taking  lead 
on  the  right  hand  side  (facing  high 
voltage  side  of  transformers)  splicing 
a  No.  10  insulated  wire  to  it  and  wind- 
ing 16  turns  in  a  clockwise  direction 
around  the  outside  coil.  The  wire 
should  be  insulated  with  a  material  that 
will  not  deteriorate  in  oil,  and  stand  an 
insulation  test  of  2200  volts.  The  wire 
can  be  threaded  between  the  iron  and 
coil,  care  being  taken  not  to  damage 
the  insulation  on  wire.  These  turns 
are  added  to  the  high  voltage  coil  which 
is  in  the  middle  of  complete  set  of  coils. 
The  number  of  turns  for  any  other 
transformer  can  readilj-  be  determined 
by  trial  c.B. 
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At  the  present  time,  no  industry  of 
Coal  and  )-hg  country  is  of  more  vital  impor- 

tlie  War  tance    than    the    production   of    coal. 

While  it  may  be  possible  to  produce  a  considerable  part 
of  our  power  requirements  by  other  means,  we  can  spare 
neither  the  time  nor  material  to  effect  such  changes  dur- 
ing the  war.  The  demand  upon  our  coal  burning  in- 
dustries has  jumped  in  three  years  to  a  volume  which 
under  normal  conditions  would  have  taken  25  years 
to  reach.  Some  shortage  was  inevitable  under  these 
conditions.  The  actual  shortage  of  bituminous  coal 
during  191 7  was  about  50  million  tons,  in  spite  of  a 
production,  about  15  percent  above  normal,  totaling 
600  million  tons. 

There  appear  to  be  three  features  which  require 
very  definite  attention  to  efifect  a  satisfactory  solution 
of  the  general  problem : — 

I — Increased  production. 

2 — The  provision  of  sufficient  cars  and  the  ade- 
quate arrangements  for  their  transportation. 

3 — The  conservation  of  fuel  on  the  part  of  all 
users,  including  the  mine  operators. 

While  economy  in  the  use  of  fuel  is  practically  es- 
sential we  cannot  solve  the  problem  by  economy  alone. 
We  have  at  best  never  produced  in  one  year  better 
than  25  million  tons  short  of  all  present  requirements, 
even  after  all  suggested  savings  are  effected. 

It  is  not  necessary  to  have  the  report  of  the  Fuel 
A.dministration  to  realize  that  we  waste  a  great  deal  of 
fuel  in  this  country  every  year,  and  lasting  good  will 
result  from  our  experience  of  last  winter  if  we  con- 
sistently adopt  and  practice  the  methods  of  economy  as 
suggested  by  the  Administration,  which  include  the  fol- 
lowing;— 

I — The  more  general  use  of  improved  mechanical 

stokers. 

2 — The  use  of  central  station  power  and  elimina- 
tion of  small  isolated  plants. 

3 — The  elimination  of  unessential  stops  on  city  and 
suburban  car  lines. 

To  which  may  be  added  the  possibility  of  saving 
thousands  of  tons  annually  by  the  more  extensive  use 
of  electricity  in  the  mining  of  coal,  where  power  may  be 
obtained  from  a  large  power  system,  and  the  elimination 
of  the  small  low-efficiency  plants  extensively  used  for 
hoisting  and  other  mining  operations. 

Now  that  the  vital  importance  of  saving  fuel  has 
been  given  wide  publicity,  the  opportunity  for  extending 
the  use  of  electricity  is  far  greater  than  ever  before, 
and  no  coal  operator  can  remain  inattentive  to  its  ad- 
vantages.    This  applies  primarily  to  such  localities  as 


can  secure  power  from  large  existing  plants,  but  it  is 
not  beyond  the  possibilities  of  the  next  few  years,  if 
present  conditions  continue,  to  expect  the  extension  of 
such  plants  and  the  building  of  new  large  stations  un- 
til the  entire  industrial  field,  including  the  coal  fields, 
are  fully  supplied  from  high  tension  lines. 

It  is  impractical  to  consider  the  general  electrifica- 
tion of  trunk  line  railways,  as  a  war  measure,  because 
the  great  saving  in  fuel  which  would  result  is  more  than 
oft'set  by  the  time  and  material  which  would  be  in- 
volved. However,  by  methods  which  are  practical,  we 
should  effect  a  saving  of  25  million  tons  annually,  and 
if  we  add  the  same  tonnage  as  increased  production,  our 
present  and  indicated  future  shortage  is  wiped  out. 

This  saving  of  fuel  by  the  methods  suggested  will 
increase  the  demand  for  electrical  apparatus  in  general, 
and  it  should  be  reasonable  to  assume  that,  having  the 
coal  deposits  and  a  fundamental  need  for  fuel  in  our 
industrial  and  power  plants,  in  this  day  of  government 
regulation  and  control,  ways  and  means  will  be  found 
to  increase  our  production  by  the  necessary  25  million 
tons  and  also  for  transporting  the  total  production  to 
the  plants  where  it  is  demanded  and  efficiently  used. 

With  present-day  improved  methods  of  mining, 
new  operations  to  produce  this  increase  will  involve  an 
investment  in  electrical  apparatus  for  use  at  the  mines 
of  the  value  of  between  three  and  four  millions  of 
dollars.  When  we  consider  this,  in  addition  to  approxi- 
mately an  equal  amount  which  is  spent  annually  incident 
to  the  apparatus  now  in  use,  it  is  evident  that  we  should 
anticipate  a  strong  demand  for  electrical  apparatus  in 
the  bituminous  fields,  especially  such  apparatus  as  is 
used  in  substations  or  for  the  conversion  of  power  and 
in  its  application  within  and  near  the  mines. 

H.  H.  Seabrook 


A       \X/  M-  ^^^^  successful   repairing  of  the   in- 

^^    c^    1"^      terned  German  ships  in  our  ports  has 
Steel  j,.^]|gj  jj.jg  attention  of  the  public  to 

an  art  which  was  rapidly  developing  in  this  country  but 
of  which  little  was  generally  known,  before  we  entered 
the  war.  Arc  welding  has  been  used  for  minor  repairs 
for  a  number  of  years  but  was  looked  upon  with  some 
suspicion  when  proposed  for  important  applications 
where  failure  would  entail  serious  results. 

The  railroads  of  the  country  had  been  extending 
the  use  of  the  arc  welding  process,  however,  and  were 
making  repairs  of  such  important  members  as  locomo- 
tive frames,  cylinders  and  boilers  with  entire  success. 
In  fact  the  results  have  been  so  satisfactory  that  the 
report  from  one  railroad  shows  a  saving  of  $200000 
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per  year  in  repair  work  from  an  initial  investment  of 
$40000  in  welding  equipment.  The  welding  super- 
visor in  this  case  states  that  this  saving  could  be  in- 
creased five  times  with  an  adequate  amount  of  welding 
equipment  and  operators  to  use  it. 

With  such  skill  and  equipment  available,  when  the 
damaged  German  ships  were  to  be  reconstructed  the 
men  trained  in  similar  repair  work  stepped  forward  and 
accomplished  the  repair  of  the  broken  parts  in  a  sur- 
prisingly short  time.  The  results  have  been  entirely 
satisfactory.  The  writer  has  seen  some  of  this  work 
being  done  and  finds  no  question  of  its  reliability  in  any 
quarter. 

Arc  welding  then  came  to  the  attention  of  our  mili- 
tary and  naval  authorities  from  another  source.  It 
was  found  that  the  British  admiralty  had  been  using 
this  method  extensively  both  in  repairs  and  new  con- 
.jcruction  since  the  beginning  of  the  war.  The  new  con- 
struction consisted  largely  of  the  fabrication  of  the  vast 
numbers  of  mines,  depth  bombs,  and  similar  munition 
supplies  and  in  addition  some  pioneer  work  in  the  con- 
struction of  steel  barges.  For  that  reason  Captain 
James  Caldwell  came  to  the  United  States  at  the  re- 
quest of  the  Emergency  Fleet  Corporation  to  assist  in 
the  interchange  of  information  on  the  art  between  this 
country  and  Great  Britain.  The  present  electric  weld- 
mg  committee  of  the  Emergency  Fleet  Corporation  is 
an  outgrowth  of  this  effort. 

From  its  very  nature,  arc  welding  is  a  stranger  and 
subject  to  suspicion  until  a  friendly  acquaintance  is 
consummated.  A  riveting  job,  on  the  other  hand,  is  a 
straight-forward  operation  and  within  its  limitations 
can  obviously  be  repeated  with  certainity.  The  one 
thing  that  militates  against  arc  welding  is  the  difficulty 
of  determining  definitely  whether  a  completed  job  is 
good  or  bad  without  destroying  it.  As  a  matter  of 
fact,  so  far  as  known  at  the  present  time,  security  can 
only  come  from  familiarity  with  the  process  and  a 
careful  control  of  the  work  while  it  is  being  done 
rather  than  by  any  inspection  method  applied  to  the 
completed  job.  Further  research  work  is  being  carried 
on  by  the  electric  welding  committee  in  the  endeavor  to 
determine  more  exactly  the  best  methods  of  doing  the 
work  and  to  define  in  a  general  way  the  characteristics 
of  the  equipment  and  material  required. 

Obviously  the  immediate  application  of  arc  weld- 
ing on  new  ship  construction  is  in  its  substitution  for 
riveting  in  securing  the  thousands  of  fittings  on  a  ship. 
It  is  the  placing  of  these  fittings  that  frequently  con- 
sumes so  much  time  after  a  ship  is  lavmched  before  it 
is  ready  to  put  to  sea.  Every  effort  should  be  made  to 
bring  to  the  attention  of  shipbuilders  and  demonstrate 
the  economy  and  speed  of  arc  welding  for  this  kind  of 
work. 

Beyond  this,   moreover,   provisional  plans  are   on 


foot  to  try  out  electric  welding,  including  both  heavy 
spot  welding  and  arc  welding,  for  the  more  responsible 
portions  of  ship  construction.  It  is  fair  to  predict  that 
the  time  is  not  distant  when  certain  types  of  steel  ship 
construction  will  be  entirely  accomplished  by  electric 
welding  methods  with  a  great  gain  in  speed  of  construc- 
tion and  a  material  saving  of  weight  and  material. 

R.  P.  Jackson 


.  In  the  days  of  Horace  Greeley  and 

Educational       ,  •  t->       td       »■ 

.  .  George      D.      Prentice,      newspapers 

^  moulded  opinion,  now  they  merely 
reflect  it.  Hence,  if  the  traction  companies  wish  that 
favorable  publicity  be  reflected,  they  must  furnish  the 
papers  with  something  to  reflect.  The  results  which 
are  obtainable  in  this  way  are  discussed  in  this  issue  by 
Mr.  W.  H.  Boyce. 

Members  of  the  A.  E.  R.  A.  hold  conventions  and 
conferences.  Each  knows  his  own  troubles  and  has 
sweat  over  their  solutions.  They  interchange  views, 
read  able  papers,  give  inspiring  addresses,  gather  at 
"round  tables,"  mutually  interest,  entertain  and  instruct. 
Then  they  go,  each  to  his  home,  and  await  the  published 
lecords  of  these  doings.  How  many  of  them  find,  and 
take  the  straightest  path  to  the  broad  and  definite  solu- 
tion of  their  difficult  problems.  Executive,  financial, 
engineering  and  managerial  knovv'ledge  they  have,  and 
probably  to  spare,  but  have  they  salesmanship  knowl- 
edge? They  seem  to  have  gone  after  human  nature 
backwards  like  a  crawfish.  Only  recently,  and  then  by 
only  a  few,  has  real  salesmanship  been  applied  to  the 
solution  of  their  many  and  arduous  problems.  Sales- 
manship is  merely  the  sale  of  convictions ;  it  is  displac- 
ing the  other  fellow's  opposing  ideas  with  your  own, 
and  in  a  tactful  and  sincere  way.  It  is  eminently  more 
difficult  for  the  other  fellow  to  perceive  your  problems, 
unaided,  than  it  is  for  you  to  solve  them.  He  has  prob- 
lems of  his  own  absorbing  his  time  and  thought.  He 
is  not  begging  to  be  shown.  He  is  willing  to  be  shown, 
but  you  who  are  entrusted  with  your  companies'  welfare 
must  take  the  initiative.  You  have  too  long  felt  that 
you  had  the  handle-side  of  the  jug;  when  you  have 
made  an  effort,  you  have  tackled  the  wrong  fellow — the 
politician  or  the  Public  .Service  Comission.  Go  after 
their  masters^the  people.  When  you  are  self-assured 
of  the  soundness  of  your  purpose  toward  the  people, 
then  just  tell  them  so — and  do  it  like  salesmen.  If  we 
can't  trust  the  people  we  had  better  sell  out  and  leave 
them  to  find  their  own  means  of  transportation. 

Forceful,  winning  publicity  is  the  largest  approach 
to  a  panacea  for  the  unsatisfactory  relations  between 
])ublic  utility  companies  and  the  people.  What  is 
needed  is  a  plan  of  action  and  then  a  vigorous  and  con- 
tinuous execution  of  it. 

T.  H.  Bailey  Whipple 
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Arc  Wddliig  ©f  MM  ^tool 

O.    H.    ESCHHOLZ 

Research   Engineering   Department 
Westinghouse  Electric  &  Mfg.   Company 

IN  VIEW  of  the  successful  arc  welding  repairs  which  were  made  recently  in  the  interned  German 
ships  in  United  States  ports,  the  extensive  application  of  this  process  to  the  repair  and  construction  of 
all  types  of  vessels  by  the  British  admiralty  and  the  recent  authorization  of  the  Emergency  Fleet  Cor- 
poration for  the  construction  of  ten  completely  arc-welded  vessels,  the  subject  of  arc  welding  becomes 
of  unusual  interest.  The  most  important  phase  of  a  welding  operation  is  the  proper  control  of  the 
process.  The  following  article  presents  what  is  probably  the  first  concise  treatment  dealing  exhaustively 
with  those  operating   factors  which   determine   the  production   of   consistent   and   reliable   welds.     (eii.) 

ITH  THE  ADOPTION  of  electric  arc  welding  pheric  gases.  These  reactions  continue  until  a  flame  of 
as  an  essential  manufacturing  operation,  it  has  incandescent  gaseous  compounds  is  formed  which  com- 
become  generally  recognized  that  a  clearer  con-  pletely  envelops  the  arc  core.     However  drafts  created 

by  the  high  temperature  of  the  vapors  and  that  due  to 
local  air  currents  tend  to  remove  this  protecting  screen 
as  rapidly  as  it  is  formed,  making  it  necessary  for  the 
welder  to  manipulate  the  electrode  in  such  a  manner  that 
maximum  protection  by  envelopment  of  arc  flame  for 
both  arc  stream  and  electrode  deposit  is  continually 
secured.  Fortunately,  this  may  be  obtained  automatic- 
ally by  the  maintenance  of  a  short  arc  and  the  proper 
inclination  of  electrode  to  compensate  for  draft  cur- 
rents.    Sections  through  deposits  formed  with  a  short, 

TABLE  I— CHEMICAL   ANALYSIS   OF   ELECTRODES 
AND  METAL  DEPOSITED  IN  WELD 


Deposit 

/      Line  of  fusion 


Deposit 
Line  of  fusion 
no  recession/ 


ception  of  the  arc  phenomena  is  advisable  if  satisfactory- 
welds  are  to  be  consistently  secured  under  widely  vary- 
ing operating  conditions.  The  problems  presented  by 
the  welding  processes  are  particularly  susceptible  of 
solution  by  the  chemist  and  metallurgist.  However,  in- 
vestigation has  shown  that  the  adherence  to  a  few  ob- 
vious and  funda- 
mental  require- 
ments will  result 
not  only  in  good 
welding  but  will 
also  facilitate  the 
development  o  f 
successful  opera- 
tors. Of  the  \ari- 
ous  arc  welding 
ing  processes,  the 
S  1  a  \-  i  a  n  o  ff ,  or 
m  e  t  a  1     electrode 
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method  is  unique 
in  that  a  metal  rod 
functions  both  as 
the  electrode  and 
weld  tiller.  On 
drawing  the  arc 
the  filler  rod  auto- 
matically attains 
the  fusion  tem- 
and     is 
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Note    the    smoothness    and    regularity 

on  the  left  in  contrast  to  the  porositv,  perature 

difEusion  and  oxide  globules  of  the  de-  ,  .  ,   . 

posit  on  the  right.  deposited  m  a 

molten  state  on 
the  hottest  section  of  the  weld  surface.  As  this  char- 
acteristic inherently  facilitates  good  fusion,  this  process 
If  generally  considered  the  most  reliable. 


ARC    CHARACTERISTICS 

On  separating  the  metal  electrodes,  an  arc  is 
formed  having  a  highly  luminous  central  core  of  iron 
vapor,  surrounded  by  a  flame  of  oxides.  At  the  tem- 
peratures prevailing  in  the  arc  stream  and  at  the  elec- 
tiode  terminals,  chemical  combinations  occur  instantan- 
eously  between   the   vaporized  metals  and   the   atmos- 


(22  volt)  and  a  long,  (38  volt)  arc  are  illustrated  in 
Figs.  I  and  2.  Fig.  3  shows  the  corresponding  surface 
views. 

A  marked  improvement  may  be  noted  in  fusion, 
concentration  and  economy  of  electrode  deposit,  free- 
dom from  porosity  and  reduction  in  area  of  thermal  dis- 
turbance by  the  use  of  the  short  arc.  With  the  long 
arc,  the  arc  flame  cannot  be  controlled,  so  that  it  be- 
comes impossible  adequately  to  protect  the  deposited 
metal  from  oxidation.  The  excessive  porosity,  shown 
in  Fig.  3  (right),  and  that  usually  obtained  on  breaking 
an  arc  are  due  to  this  cause.  A  short  arc  can  be  main- 
tained on  either  a  low  or  high  potential  system.  With 
the  former  type  of  equipment,  a  greater  degree  of  skill 
is  required  while  with  the  latter  better  continuity  of  arc 
circuit  is  secured. 

The  extent  of  the  porosity  obtained  on  breaking  the 
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arc  varies  with  the  arc  current,  the  arc  length,  and  the 
manipulation  and  type  of  electrode.  By  short-circuiting 
the  arc  automatically  at  a  predetermined  arc  length,  or 
by  reducing  the  arc  current  either  by  decreasing  the 
supply  voltage  or  inserting  series  resistance,  a  slight  re- 
duction in  the  degree  of  porosity  may  be  secured.  The 
results  obtained,  however,  do  not  appear  to  justify  the 
increased  investment  and  complexity,  particularly  in 
view  of  the  fact  that  a  rotarj'  or  spiral  movement  of  the 
electrode  on  breaking  the  arc,  or  the  use  of  an  electrode 
which  generates  a  large  flame  is  equally  effective.  In 
Table  I  analyses  of  a  few  characteristic  electrodes  are 
given  as  well  as  the  metal  deposited  after  having  passed 
through  the  arc.  As  a  whole  the  action  of  the  atmos- 
pheric gases  is  to  refine  the  vaporized  metal,  decreasing 
particularly  such  constituents  as  carbon  and  manganese. 
The  increase,  shown  in  some  deposits,  of  phosphorus, 
silicon  and  sulphur  content  is  attributed  to  their  absorp- 
tion by  the  hot  filler  metal  from  the  shank  metal.  The 
inconsistency  in  the  degree  of  refinement  shown  by  the 
hot  rolled  steel  electrode  is  due  to  its  characteristic  of 
depositing  in  large  globules,  rather  than  in  a  spray  of 
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FIG.    4 — CROSS-SECTIONS 
THROUGH   FUSED   PORTION 

Showing  shank  metal 
and  part  of  filler  metal 
half-way  through  weld. 


FIG.    5 — CROSS-SECTIONS 

OF   WELD    MADE   WITH    QO 

DEGREE   SCARF 

Showing  fusion,  recession 
from  original  straight  scarf 
face  and  change  in  original 
structure  produced  by 
fusion   temperature. 

small  globules,  thereby  exposing  a  smaller  area  to  oxi- 
dation for  a  given  volume  of  transferred  metal.  How- 
ever this  action  tends  to  produce  incomplete  fusion. 

With  a  wider  application  of  the  welding  process  a 
better  control  of  the  weld  ingredients  will  be  desirable. 
The  use  of  refractory  tubes  or  asbestos  coating  has  been 
suggested;  however,  either  the  difficulty  of  electrode 
manipulation  is  increased  thereby  to  a  prohibitive  de- 
gree or  excessive  quantities  of  slag  are  formed  and  un- 
avoidably embedded  in  the  weld.  Better  possibilities 
appear  to  lie  in  the  development  of  an  electrode  which 
generates,  during  operation,  an  atmosphere  of  inert, 
permanent  gases  enveloping  the  arc. 

FUSION 

The  fusion  obtained  at  the  weld  surface  and  in  the 
body  of  the  filler  is  determined  by  the  scarf  angle,  arc 
current  and  electrode  diameter,  as  well  as  by  arc  length. 
Parts  of  weld  sections  correctly  and  incorrectly  pre- 
pared are  shown  in  Figs.  4  and  5.  In  Fig.  4  the  abut- 
ting sections  were  scarfed  to  a  total  angle  of  60  de- 
grees. As  a  result  the  bottom  of  the  weld  (at  the  right) 
proved  to  be  inaccessible  to  the  welder,  arc  contact  was 


prevented  and  the  surface  merely  covered  by  molten 
metal  formed  above.  By  separating  the  weld  shanks 
one-eighth  inch,  better  fusion  was  obtained  as  shown 
by  the  weld  at  the  left.  Fig.  4,  with  the  exercise,  how- 
ever, of  considerable  skill.     The  weld  shown  in  Fig.  5 
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FIG.    6 — RELATION    OF    APPROXIMATE   ARC    CURRENTS    AND 
ELECTRODE  DIAMETERS 

For  welding  steel  plate  of  various  thicknesses. 

was  prepared  by  scarfing  the  weld  surface  to  90  degrees 
and  spacing  the  sections  one-eighth  inch.  This  method 
is  generally  used  as  it  materially  assists  in  securing  good 
surface  fusion  and  increases  the  reliability  of  the  weld- 
ing operation. 

Approximate  values  of  arc  currents  and  electrode 
diameters  that  have  proven  quite  satisfactory  for  weld- 
ing low  carbon  steel  are  indicated  in  Fig.  6.  Assum- 
ing that  a  one-half  inch  steel  plate  is  to  be  welded,  this 
curve  shows  that  approximately  125  arc  amperes  should 
be  used  with  a  five-thirty-second  inch  diameter  elec- 
trode. It  is  evident  from  the  slope  of  the  electrode 
curve  that  a  five-thirty-second  inch  diameter  electrode 
is  adaptable  to  the  widest  range  of  plate  welding.  The 
results  of  correct  and  incorrect  application  of  this  data 
are  shown  in  Fig.  7.  The  weld  at  the  left  was  made 
with  approximately  160  amperes  arc  current  and  shows 
an  excellent  structure,  the  fracture  occurring  through 
the  body  of  the  weld  as  the  ultimate  tensile  strength  of 
the  shank  metal  was  in  the  neighborhood  of  60  000  lbs. 
per  sq.  in.     The  weld  at  the  right  however  was  made 
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FIG.    7 — CHARACTER   OF    WELDS 

Formed  by   using    (a)    arc  current  as   specified  in   Fig.  6  and 
(b)    too   low   an   arc   current. 

with  too  low  an  arc  current — approximately  115  am- 
peres— with  consequent  incomplete  fusion,  porosity  due 
to  unfused,  overlapping  metal,  and  failure  at  the  scarfed 
face  at  a  stress  below  that  demanded  by  machining  op- 
erations. 
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Fig.  8  shows  graphically  the  improvement  in  weld 
strength,  and  therefore  fusion  at  the  scarf  and  through- 
out the  filler  body,  on  increasing  the  arc  current.  These 
welds  were  made  by  two  operators  using  Norway  elec- 
trodes having  an  ultimate  tensile  strength  of  47  500  lbs. 
per  sq.  in.  The  weld  shanks  consisted  of  one  mch 
square  steel  bars  having  an  ultimate  tensile  strength  of 
58  000  lbs.  per  sq.  in. 

SLAG  AND  POROSITV 

The  amount  of  slag  formed  and  retained  by  the 
weld  is  dependent  upon  the  cleanliness  of  the  electrode 
and  the  manipulation  of  the  arc  flame  to  minimize  oxi- 
dation. In  making  large  welds,  it  is  the  practice  to 
collect  the  slag  about  a  nucleus  by  a  rotary  movement 
of  the  electrode  and  then  float  it  to  the  edge  of  the 
weld.  Where  this  method  is  impracticable,  the  slag  may 
be  removed  by  chipping  or  brushing.  The  porosity  in 
arc  welds  is  mainly  due  to  surface  oxidation,  resulting 
from  tlie  use  of  a  long  arc.    Too  rapid  filling  and  cooling 
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as  in  Figs.  4  and  5.  If  the  scarf  surfaces  have  been 
completely  fused  and  but  little  slag  and  porosity  is  in 
evidence,  a  large  mild  steel  weld  should  have  a  tensile 
strength  in  the  neighborhood  of  40000  pounds  per 
square  inch  and  a  reduction  of  area  of  about  seven  per- 
cent. 

EXAMPLES 

Test  exhibits  are  easily  obtained  and  indicate 
clearly  the  limitations  either  of  the  process  or  of  the 
welder.  Figs.  9,  10  and  11  illustrate  typical  sections 
through  the  body  of  a  welded  mild  steel  plate  five  inches 
wide  by  one  inch  thick.  The  sections  are  at  right  angles 
to  or  parallel  with  the  line  of  fusion.  All  of  the  sec- 
tions indicate  excellent  fusion  and  a  mai-ked  recession 
from  the  original  scarfed  surfaces.  However,  with  the 
use  of  different  electrodes  a  large  variation  in  slag  con- 
tent occurs.  The  sharpness  of  the  boundary  line  is  not 
determined  by  the  degree  of  fusion  but  by  the  reaction 
of  the  etching  fluid  on  the  filler  and  shank  metals.  The 
weld  shown  in  Fig.  5  was  made  with  a  Roebling  elec- 
trode; that  in  Fig.  9  with  a  coated  electrode;  Fig.  10 
with  a  Norway  iron  electrode ;  and  that  in  Fig.  1 1  with  a 
hot  rolled  steel  electrode. 

STRUCTURE 

During  the  past  few  years,  rapid  strides  have  been 
made  in  the  improvement  of  steels  by  the  proper  corre- 
lation of  heat  ti-eatment  and  chemical  composition.  The 
characteristics  of  high  carbon  and  alloy  steels  particu- 
larly have  been  radically  altered.  It  should  be  borne  in 
mind,  however,  that  with  decrease  in  carbon  content 
the  changes  produced  by  such  treatment  become  less 
marked.  Since  the  largest  field  for  arc  welding  is  in  the 
welding  of  mild  steel,  considerable  latitude  is  permissi- 
ble in  the  degree  of  heat  treatment  without  appreciably 
affecting   the   physical    characteristics   of   the    original 
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FIG.   8 — RELATION   OF   ULTIMATE  TENSILE   STRENGTH    AND 
ARC    CURRENT 

produce  blowholes  in  the  congealing  deposit,  owing  to 
the  confinement  of  gases  liberated  from  the  hot  weld 
sections  and  the  formation  of  carbon  monoxide  on  the 
reduction  of  retained  oxides. 

INSPECTION 

Surface  inspection  of  completed  welds  is  an  unsat- 
isfactory check  on  the  weld  characteristics.  Observa- 
tions, or  preferably  an  automatic  record  of  the  arc  volt- 
age and  current  and  electrode  manipulation  during 
welding,  permit  the  formation  of  a  better  estimate  of 
the  finished  product.  However,  since  the  weld  charac- 
teristics are  almost  entirely  under  the  operators  control 
it  is  desirable  to  develop  his  judgment  by  encouraging 
frequent  examination  of  test  welds.  Most  of  the  es- 
sential information  relating  to  fusion,  slag  content  and 
porosity  may  be  secured  by  observing  the  surface  ex- 
posed on  cutting  through  the  zone  of  fusion.  The  ex- 
posed section  should  be  ground  to  a  smooth  surface 
and  then  dipped  in  a  10  percent  nitric  acid  solution  for 
a  few  seconds  at  a  time  until  the  line  of  fusion  appears. 


FIG.   9  FIG.    10  FIG.    II 

FIG.   9— CROSS-SECTIONS    OF    WELD    MADE    WITH     COATED    ELECTRODE 

Showing    slag    inclusions    liable    to    be    characteristic    of    deep 
welds   when   using   asbestos-covered   electrodes. 

FIG.    10 — CROSS-SECTIONS   OF  WELD   MADE   WITH    NORWAY 
IRON    ELECTRODES 

Showing  slag  content  caused  by  excessive  oxidation  character- 
istic of  very  low  carbon  electrodes. 

FIG.    II — CROSS-SECTIONS    OF    WELD    MADE    WITH    HOT   ROLLED    STEEL 

Slag  deposits  are  due  to  impurities  in  electrode  and  irregular 

deposition  of  metal  caused  by  characteristic  globule 

formation  at  electrode  end. 

metal.  Fig.  12  indicates  the  structure  at  various  stages 
in  passing  from  the  unaltered  weld  shank  metal  to  the 
electrode  deposit.  Distinct  changes  of  grain  size  and 
segregation  of  iron  carbide  and  ferrite  have  been  pro- 
duced by  the  thermal  disturbances  incidental  to  the 
fusion  and  cooling  of  the  deposit.  Fig.  12  (a)  shows 
the  various  structures  obtained  by  depositing  on  0.17 
percent  carbon  steel,  metal  from  an  electrode  of  similar 
material.  Fig.  12  (b)  shows  the  original  structure  of 
slowly  cooled  low  carbon  rolled  steel  in  zone  /  magnified 
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to  300  diameter.s.  'Jlie  dark  areas  show  the  location  of 
the  carbon,  which  occurs  as  iron  carbide  in  the  metal- 
lof,n-aphic  constituent  known  as  pearHte.  In  Fig.  12  (c) 
the  structure  in  zone  2  has  been  modified  by  heating  to 
about  750  degrees  and  coohng  below  600  degrees  C. 
within  five  minutes.  The  temperature  has  been  high 
enough  to  cause  the  iron  carbide  of  the  pearlite  areas  to 
diffuse  into  the  surrounding  metal  to  some  exent  while 
the  rate  of  cooling  prevented  the  reformation  of  well  de- 
fined pearlite  areas.  This  material  is  probably  slightly 
harder  and  less  ductile  than  that  in  Fig.  12  (b).  The 
structure  of  zone  5  shown  in  Fig.  12  (d)  indicates  a 
further  diffusion  of  the  carbon  content  and  incomplete 
reformation  of  the  definite  pearlite.     Fig.  12  (e)  shows 
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I'lij.    12 — SEQUENCE    OF    MET.\LLOGRAPHIC    STRUCTURES 

On  passing  from  original  metal  through  fusion  zone  to 
deposited  metal. 

the  metal  in  zone  /  which  has  been  heated  to  a  tempera- 
ture of  950  degrees  C.  The  diffusion  of  the  pearlite 
areas  has  been  complete  and  the  rate  of  cooling  so  rapid 
that  the  pearlite  areas  formed  are  small  and  uniformly 
distributed.  This  metal  has  probably  a  higher  tensile 
strength  and  nearly  as  great  ductility  as  the  original 
metal.  Fig.  12  (f)  shows  the  fused  metal  in  zone  5. 
Experience  indicates  that  the  ductility  of  this  section 
is  considerably  impaired,  due  probably  to  the  presence 
of  dissolved  oxides,  nitrides  or  even  gases.  Although 
the  original  metal  has  been  subjected  to  a  variety  of  heat 
treatments  it  may  be  safely  concluded  that,  due  to  its 
low   carbon  content,   its  characteristics  have  been  but 


slightly  altered.  To  demonstrate  this  definitely,  five 
standard  tensile  test  pieces  were  prepared  and  arcs 
struck  from  four  of  them  in  such  a  manner  that  sections 
through  the  contact  area  exhibited  the  same  transforma- 
tions as  are  indicated  in  Fig.  12.  The  results  of  the 
lest  are  shown  in  Fig.  13.  Test  piece  5  was  used  as  the 
control,  no  arc  having  been  drawn  from  it.  The  arcs 
drawn  from  /  and  2  were  supplied  from  a  constant  cur- 
rent system  and  those  from  j  and  .;  from  a  constant 
potential  system.  It  may  be  noted  that  3  broke  a  con- 
siderable distance  from  the  arcing  point  thus  serving  as 
a  check  on  test  piece  5.  The  tensile  strength  and  elon- 
gation of  all  five  pieces  checked  as  closely  as  can  be  ex- 
pected from  different  samples  of  the  same  stock  and  the 
effect  of  the  thermal  treatment  on  the  physical  charac- 
teristics appears  to  be  negligible. 

SUMMARY 

In  this  brief  exposition  of  the  more  apparent  arc 
phenomena  it  has  been  the  endeavor  to  show  that: — 


FIG.    13 — NEGLIGIBLE    EFFECT    OF     STRIKING    AN    ARC 

On  the  physical  characteristics  of  mild  steel. 
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The  maintenance  of  a  short  arc  length  and  proper 
control  of  the  arc  flame  insures  minimum  o.xidation  of 
the  arc  vapors  and  deposit  surface,  and  therefore,  re- 
duces porosity  and  slag. 

Weld  scarf,  arc  current  and  arc  manipulation  are 
essential  factors  in  the  production  of  reliable  welds. 

The  development  of  an  electrode  which  generates 
a  protecting  envelope  of  inert,  permanent  gases  will 
greatly  facilitate  arc  welding. 

The  practice  of  examining  test  weld  sections  should 
be  encouraged  as  a  means  of  developing  and  indicating 
the  operator's  ability. 

In  passing  through  the  arc  stream,  the  electrode  ma- 
terial is  refined  to  such  an  extent  that  the  deposited 
metal  is  comparable  to  commercially  pure  iron. 

Thermal  disturbances  produced  by  the  welding  op- 
eration do  not  appear  to  affect  appreciably  the  charac- 
teristics of  mild  steel  welds. 


run  Ivommiiiators 

B.  G.  Lamme 

Chief    Engineer 

Westinghouse  Electric  &  Mfg.   Co. 


DuriiiR  the  past  two  years  frequent  inquiries  have  been  made  as  to  why  iron  is  not  used  instead  of 
Conner  in  the  construction  of  commutators.  Obviously  this  question  is  inspired  by  rumors  and  statements 
that  German  manufacturers  are  using  iron  in  commutators,  due  to  the  scarcity  of  copper  since  the  outbreak 
of  the  war.  Apparentlv  also  it  has  been  assumed,  in  some  instances,  that  the  present  use  of  copper  is 
more  or  less  of  a  fad  "and  that  other  metals,  such  as  iron,  could  be  used  if  desired. 


IN  THE  COURSE  of  the  development  of  commutat- 
ing-  machinery  various  metals  have  been  tried  out 
in  commutators,  all  the  way  from  pure  copper,  both 
hard  and  soft,  through  various  alloys  and  brasses,  cast 
copper  of  various  purities,  aluminum,  wrought  iron, 
clear  down  to  cast  iron.  All  such  materials  have  re- 
ceived consideration  at  some  time  or  other  and  have 
been  given  fairly  conclusive  tests.  Experience  has 
shown  that  all  of  them  could  be  used  in  commutators 
if  one  is  willing  to  pay  the  price,  this  price  being  in  the 
first  cost  of  apparatus,  in  maintenance  or  in  less  satis- 
factory operating  characteristics,  or  a  combination  of 
all.  Under  the  stress  of  war  conditions  it  may  be  nec- 
essary to  pay  any  price,  and  apparently  this  is  the  con- 
dition which  has  confronted  German  manufacturers. 
In  consequence,  materials  and  constructions  are  used 
simply  as  a  matter  of  necessity  which,  however,  may  not 
conform  to  conditions  of  even  reasonably  good  design. 

The  use  of  copper  in  modern  commutators  is  a 
matter  of  development  and  not  simply  a  fad.  In  fact, 
most  of  the  early  commutating  machines  used  other 
metals  in  their  commutators,  which  would  now  be  con- 
sidered quite  unsuitable.  Cast  copper  and  various 
brasses  and  bronzes  were  used  quite  extensively,  with 
more  or  less  bad  results.  Pure  copper  was  considered 
too  expensive  for  general  use  and  it  v^as  only  after  very 
considerable  development  that  the  conclusion  was 
reached  that  its  apparent  higher  first  cost  was  more  than 
neutralized  by  improved  maintenance  and  operation. 
Even  after  pure  copper  had  come  into  general  use  for 
commutator  construction,  it  was  not  known,  or  under- 
stood, why  it  was  so  superior  to  other  metals. 

About  twenty-seven  years  ago  the  writer  made  ex- 
tended tests  on  the  use  of  iron  in  street  railway  commu- 
tators. The  machines  soon  developed  "high  mica"  -ind 
the  commutators  gradually  blackened,  the  contact  sur- 
faces blistered  and  sparking  gradually  increased  until 
tbe  commutating  conditions  became  practically  impos- 
sible from  the  operating  standpoint.  These  conditions 
repeated  themselves  in  every  test  until  finally  this 
construction  was  given  up  as  impracticable.  The  diffi- 
culty was  blamed  largely  upon  high  mica,  as  it  was  as- 
sumed that,  in  some  way,  the  metal  wore  below  the 
mica,  thus  causing  bad  brush  contacts,  with  resultant 
burning  and  blackening.  It  was  not  recognized  that  the 
converse  was  really  the  case  and  th.it  the  high  mica  was 
the  result  of  burning  rather  than  the  cause.     In  all  ma- 


recognized  that  such  was  not  true  mechanical  wear,  but 
that  it  was  the  result  of  burning  away  the  contact  sur- 
faces. 

A  little  later,  the  writer  made  quite  complete  tests 
on  the  use  of  aluminum  on  street  railway  motor  coin- 
mutators.  This  material  worked  better  than  iron,  in 
the  sense  that  burning  and  blackening  and  high  mica  did 
not  appear  as  quickly  as  with  the  iron.  However,  like 
the  iron  commutator,  there  was  no  tendency  to  polish, 
but  the  commutator  soon  assumed  a  dull  appearance 
which  gradually  changed  to  a  blackened  and  burnt  con- 
dition. 

Bronzes  and  brasses  were  tried  on  similar  railway 
commutators,  and  while  these  gave  better  results  than 
the  aluminum  or  iron,  yet  they  developed  high  mica 
much  more  quickly  than  the  copper  commutators.  With 
such  evidence  at  hand,  the  use  of  forged  or  drawn  cop- 
per for  commutator  bars  was  a  natural  conclusion. 
However,  even  with  the  best  copper  obtainable,  there 
was  some  tendency  toward  blackening  and  burning  of 
the  commutators,  generally  accompanied  by  high  mica 
and  the  difficulty  was  blamed  primarily  on  the  mica.  It 
was  assumed  that  the  copper  bars  did  not  wear  as 
rapidly  under  the  carbon  brush  as  was  the  case  with 
other  metals.  At  the  same  time  it  was  recognized  that 
when  the  machine  was  operated  without  current  none  of 
these  metals  seemed  to  wear  unduly.  It  was  only  when 
considerable  current  was  carried  that  the  wear  was  ex- 
cessive. At  that  time,  the  real  explanation  of  this  dif- 
ficulty was  not  fully  appreciated. 

Later  investigations  on  collector  rings  and  commu- 
tators, developed  the  fact  that  whenever  a  current  is 
carried  between  a  stationary  brush  contact  and  a  mov- 
ing surface,  there  is  a  tendency  to  burn  away  either  the 
brush  contact  face  or  the  moving  surface,  depending 
upon  the  direction  of  the  current  and  upon  the  current 
density.  It  was  found  that  this  burning  action,  which 
is  somewhat  similar  to  that  occurring  in  an  arc,  was  to 
some  extent  a  function  of  the  contact  loss.  This  was 
indicated  partly  by  the  fact  that  the  burning  was  a  func- 
ion  of  both  the  brush  contact  drop  and  the  current  dens- 
ity. A  given  ciu'rent,  for  instance,  might  produce  very 
little  burning  as  long  as  the  contact  drop  was  quite  low ; 
whereas,  if  for  any  reason  such  contact  drop  increased 
materially,  noticeable  burning  would  begin.  If  the  cur- 
rent was  from  the  brush  to  the  commutator  or  collector, 
the  brush  contact  surface  would  tend  to  burn  away  more 


chmes  of  those  days  there  was  more  or  less  tendency  for      than  the   opposing   surface.     If,   on   the   contrary,   the 
the  commutators  to  "wear"  considerably,  and  it  was  not      current  was  froiu  the  collector  or  commutator  to  the 
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brush,  then  the  collector  surfaces  would  tend  to  burn 
and,  in  some  cases,  deposit  the  burnt  material  on  the 
brush  face. 

When  carbon  brushes  are  used,  there  is  usually  a 
very  considerable  contact  drop  due,  apparently,  to  the 
nature  of  the  materials  in  the  brush  itself.  This  drop, 
in  many  cases,  is  in  the  nature  of  one  volt  for  each  con- 
tact and  it  is  fairly  constant  over  quite  a  wide  range  of 
current.  In  consequence,  the  contact  loss  varies  nearly 
in  proportion  to  the  current  and  not  as  tlie  square  of 
the  current.  Due  to  this  very  considerable  loss  with 
carbon  brushes,  there  is  a  tendency  to  burn  away  the 
brush  surface  and  to  burn  and  blister  the  commutator 
or  collector  surfaces  with  which  the  brush  is  in  contact. 
This  tendency  to  burn  is  dependent  upon  the  actual  cur- 
rent density  in  the  brush  (including  local  or  short-cir- 
cuit currents),  but  the  resultant  burning  is  largely  a 
function  of  the  material  in  the  commutator  or  collector 
face.  As  the  brush  cannot  make  perfect  contact  with 
the  metallic  surface  to  which  it  is  opposed,  there  are 
minute  arcs  at  the  contact  and  these  evidently  burn 
away  the  surfaces.  However,  the  real  burning  action  is 
dependent  upon  the  inability  of  the  surface  to  conduct 
away  heat  rapidly,  for  if  the  heat  developed  in  the  sur- 
face film  is  not  conducted  away  with  sufficient  rapidity, 
then  such  surface  is  liable  to  be  blistered  or  burned 
locally,  even  though  moving  with  respect  to  the  brush. 
Such  burning  or  blistering  naturally  roughens  the  con- 
tact surface  and  increases  the  contact  drop  and  thus 
tends  to  increase  the  arcing  and  burning  action.  Thus, 
if  there  is  any  burning  action  it  tends  to  grow  worse, 
cumulatively.  This  burning  away  of  the  surface  leaves 
the  metal  surface  of  the  commutator  slightly  lower  than 
the  mica,  unless  the  latter  wears  mechanically  at  the 
same  rate  that  the  commutator  metal  burns  away.  As 
this  is  not  usually  the  case,  high  mica  soon  develops, 
simply  by  the  action  of  burning  away  of  the  metal. 
Thus  high  mica  is  a  result  of  the  trouble,  rather  than 
the  cause.  However,  as  even  a  very  gradual  burning 
away  will  eventually  leave  the  mica  above  the  surface, 
modem  practice  has  tended  toward  undercutting  of  the 
mica,  so  that  even  with  a  slight  burning  tendency  the 
brush  still  maintains  contact  with  the  metal,  thus  pre- 
venting accentuation  of  the  trouble. 

As  mentioned  before,  this  burning  action  is  a  func- 
tion of  the  contact  voltage,  the  current  density  and  the 
non-burning  or  non-blistering  qualities  of  the  metal  con- 
stituting the  commutator.  It  is  in  this  latter  feature 
that  copper  has  proven  so  superior  to  other  metals.  Ex- 
tended experience  shows  that  the  heat  conducting  quali- 
ties of  pure  copper  are  so  good  compared  with  most 
other  metals  or  alloys  that  the  burning  or  blistering  ac- 
tion of  the  current  under  the  brush  is  very  small,  except 
for  high  current  densities.  Anytliing  which  tends  to 
decrease  the  heat  conducting  properties  of  the  commu- 
tator metal,  tends  to  increase  burning  action.  This  has 
been  very  clearly  demonstrated  in  elaborate  tests  of  car- 
bon brushes  on  collector  rings,  etc.,  where  questions  of 
commutation  did  not  come  in  to  disturb  the  conclusions. 
Such  tests  have  been  made  covering  copper,  bronzes  and 


alloys  of  various  sorts,  wrought  iron,  cast  iron,  etc.  In 
practically  all  cases,  with  high  current  densities,  the 
burning  and  blistering  action  appears  to  be  dependent 
upon  the  ability  to  conduct  the  heat  away  from  the  con- 
tact surface.  By  such  conduction  the  local  heating  of 
the  contact  film  of  metal  is  kept  at  a  low  point  which  re- 
sults in  reduced  fusion  of  the  metal,  and  with  very  good 
heat  conducting  materials  the  fusion  of  the  metal  may 
be  so  minute  that  the  polishing  action  of  the  brush  keeps 
the  surface  in  a  smooth  glossy  condition. 

It  is  an  interesting  fact  that  the  electrical  con- 
d-activities  of  the  metals  and  their  mixtures  and  alloys, 
bear  a  fairly  close  relation  to  their  heat  conductivities. 
Experience  shows  that  very  little  impurity  in  copper 
will  reduce  its  electrical  conductivity  to  possibly  one- 
third  or  one-quarter,  and  its  heat  conductivity  will  be 
decreased  nearly  in  proportion.  Most  of  the  alloys  of 
copper  have  a  very  low  conductivity  compared  with 
copper  itself,  while  wrought  iron  is  worse  than  most  of 
the  copper  alloys  in  this  regard.  The  series  of  tests 
above  referred  to,  indicated  quite  clearly  that  the  burn- 
ing tendency  varied  very  much  as  the  electrical  resist- 
ance of  the  material,  that  is,  with  the  heat  resistance. 
Wrought  iron,  having  from  eight  to  len  limes  the  resist- 
ance of  copper,  would  burn  or  blister  and  get  rough  at 
very  much  lower  current  densities  than  copper  commu- 
tators or  rings.  Even  some  of  the  alloys  which  ap- 
peared to  be  good  for  collector  rings,  showed  blisterhig 
effects  at  very  much  lower  limiting  current  densities 
than  copper.  Consequently,  it  developed  that  the  limit- 
ing carrying  capacity  of  different  metals  in  commuta- 
tors and  collector  rings,  varied  roughly  with  the  heat 
conducting  qualities,  and  thus  copper  proved  to  be  su- 
perior to  any  of  its  alloys  or  any  other  available  ma- 
terial. According  to  this  line  of  reasoning,  silver  should 
be  better  than  copper,  but  this  is  not  an  available  metal. 
The  above  also  explains  why  alloys  of  copper  in  which 
other  elements  have  been  introduced  for  the  purpose  of 
hardening,  etc.,  usually  do  not  have  the  ultimate  carry- 
ing capacity  found  in  copper.  Aluminum  has  fairly 
good  heat  conductivity,  if  pure,  but  it  is  so  easily  oxi- 
dized and  the  resistance  of  the  oxidized  surface  rises  so 
rapidly,  that  presumably  this  fact  neutralizes  any  pos- 
sible gain  otherwise.  Experience  on  actual  commuta- 
tors showed  that  aluminum  did  not  take  a  polish,  even 
under  moderate  current  densities  and,  in  fact,  it  acted 
very  much  like  some  of  the  higher  resistance  metals 
used  in  the  tests. 

It  should  be  evident  from  the  above  that,  when  ma- 
terials of  higher  heat  resistance,  that  is,  with  poorer  heat 
conductivity  than  copper,  are  used  in  commutators,  the 
operating  current  densities  should  be  reduced  accord- 
inglv.  Thus,  it  may  be  possible  to  use  iron  or  steel  for 
commutator  bars,  provided  the  brush  current  densities 
are  reduced  sufficiently.  In  very  small  machines,  this 
might  mean  only  an  increase  in  the  dimensions  of  the 
commutator  and  brushholders.  In  larger  machines, 
however,  any  material  modification  in  the  proportion  of 
the  commutator  may  lead  to  radical  changes  in  the  ma- 
chine as  a  whole,  so  that  the  total  cost  would  be  ma- 
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lerially  higher  than  in  the  copper  commutator  machine. 
This  depends  entirely  upon  how  much  sacrifice  is  to  be 
made  in  operating  conditions  and  maintenance.  If 
these  are  to  be  kept  at  the  same  high  standard  as  on 
present  copper  commutator  machines,  then  it  is  ques- 
tionable whether  the  iron  commutator  would  prove  to 
be  practicable  under  any  conditions.  The  same  condi- 
tions hold  true,  to  a  certain  extent,  with  certain  alloys 
instead  of  copper  in  the  commutator.  As  such  alloys, 
as  a  rule,  cost  nearly  as  much  as  copper  itself,  it  should 
be  obvious  that  any  material  increase  in  the  dimensions 
of  a  commutator  will  soon  balance  any  possible  gain. 

In  larger  machines  one  serious  condition  would  be 
liable  to  be  encountered  with  other  than  copper  com- 
mutators. At  present  these  machines  are  built  for  quite 
high  peripheral  speeds  of  the  commutators,  and  con- 
struction difficulties  are  encountered  which  would  make 


any  increase  in  their  length  or  diameter  very  objection- 
able. Consequently,  serious  modifications  in  the  general 
construction  of  the  machine,  and  possibly  in  its  speed 
conditions,  are  liable  to  be  necessitated.  In  fact,  in 
many  cases  the  whole  design  of  the  machine  is  predi- 
cated on  the  commutator  construction.  In  such  cases 
the  use  of  a  poorer  material  in  the  commutator  would 
undoubtedly  be  a  backward  step  in  the  development. 

It  is  thus  obvious,  that  the  use  of  iron  in  commu- 
tators, while  possibly  practicable  under  the  urge  of  ne- 
cessity, is  not  in  the  direction  of  an  advance  in  the  art. 
In  fact,  it  is  a  big  step  backward.  It  should  be  assumed 
naturally  that  if,  in  the  past  thirty  years  of  development 
in  commutating  machinery,  iron  comnmtators  have  not 
come  to  the  front,  it  is  for  very  good  reasons,  and  the 
preceding  is  simply  an  attempt  to  bring  out  some  of  the 
foremost  reasons. 


VarkiiDii  of  AitDrnntor  E;<dtntloji  wiili  Ivoatl 

F.  D.  Newbury 

There  are  three  primary  factors  that  affect  the  amount  of  increased  excitation  required  to  maintain 
constant  voltage  of  an  alternator  with  increase  of  load :  the  magnetizing  effect  of  the  armature  (or  arma- 
ture reaction),  the  reactance  voltage  of  the  armature  and  the  resistance  voltage  of  the  armature.  The 
effect  of  the  last  two,  expressed  in  terms  of  exciting  ampere-turns,  is  influenced  greatly  by  the  shape 
of  the  upper  part  of  the  saturation  curve  of  the  alternator.  In  considering  this  subject,  the  distinction 
between  armature  reaction  and  armature  reactance  is  important;  the  lack  of  this  has  been  responsible 
for  considerable  trouble  in  the  past  and  a  better  appreciation  of  it  by  present-day  designers  has  led  to 
a  marked  improvement  in  alternator  operation  on  low  power-factor  loads. 


THERE  are  two  principal  fluxes  in  an  alternator; 
the  exciting  field  set  up  by  the  main  field  am- 
pere-turns, and  the  modifying  field  set  up  by  the 
armature  ampere-turns.  These  two  fluxes,  of  course, 
do  not  actually  exist  separately ;  they  combine  into  one 
flux  in  parts  of  the  magnetic  circuit  in  which  they  both 
exist.  However,  not  all  of  the  field  flux  reaches  the 
armature  and  not  all  of  the  armature  flux  reaches  the 
field.  That  part  of  the  flux,  established  by  current  in 
the  armature  winding,  that  does  penetrate  the  field 
poles,  that  rotates  with  the  field  and  combines  with  the 
main  field  flux,  is  called  the  armature  reaction*  The 
so-called  "leakage"  flux,  set  up  by  the  armature  cur- 
rent, that  does  not  penetrate  the  field  poles,  i.  e.  the  flux 
across  the  armature  slots,  from  slot  to  slot  across  the 
air-gap  and  the  flux  surrounding  the  armature  coil  ends 
projecting  from  the  core  constitutes  the  flux  of  arma- 
ture reactance.  The  greater  part  of  this  reactance  flux 
exists  independently  of  the  main  exciting  flux  and  its 
effect  is  to  reduce  the  internal  voltage  generated  in  the 
armature,  in  other  words  to  use  up  part  of  the  gener 


separate  the  combined  effects  caused  by  current  in  the 
armature,  and  defined  as  armature  reaction  and  arma- 
ture reactance,  into  two  parts;  one  whose  eft'ect  on  the 
excitation  is  independent  of  the  terminal  voltage,  called 
armature  reaction,  and  the  other,  armature  reactance, 
whose  eft'ect  on  the  excitation  is  dependent  on  the  ter- 
minal voltage  on  account  of  magnetic  saturation. 

Armature  reaction,  thus  defined,  is  a  flux  that  com- 
bines with  the  main  field  flux  and  its  presence  in  the 
alternator  does  not  involve  the  generation  of  voltage; 


therefore,  its  effect  on  the  excitation  is  the  same  at  zero 
voltage,  with  the  armature  short-circuited,  as  it  is  at 

ated  armature  voltage' '  Another,  but  mino'r^  part  of'the     "°™^|  ^o\t^g^  and  zero  power-factor 

reactance  flux — the  leakage  flux  from  tooth  tip  to  tooth 


tip,  for  example — combines  physically  with  the  main 
flux  in  the  air-gap.  Whether  this  flux  should  be 
treated,  in  its  effects,  as  a  flux  or  as  a  voltage,  is  de- 
batable. In  Fig.  I,  c  is  the  flux  of  armature  reaction, 
and  a  is  the  flux  of  armature  reactance,  while  h  may  be 
one  or  the  other.     Practically,  the  important  point  is  to 


♦This  article  should  be  read  as  a  continuation  of  the 
author's  contribution  on  "Armature  Reaction  of  Polyphase 
Alternators,"  in  the  April  issue  of  the  Journal. 


The  armature  reactance,  on  the  other  hand,  is  a 
voltage  which  must  be  counterbalanced  by  the  genera- 
tion of  additional  voltage  in  the  armature.  It  there- 
fore affects  the  main  field  excitation  by  an  amount  that 
varies  with  the  terminal  voltage  desired. 

The  effects  on  excitation  of  these  factors  can 
be  investigated  best  by  means  of  vector  diagrams  of 
the  various  voltages  and  fluxes  involved. 

At  no-load  the  terminal  and  internal  voltages  Er 
and  El,  Fig.  2,  are  identical,  and  the  main  exciting  flux 
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MF  is  90  degrees  ahead  of  the  voltage.  The  voltage 
represented  in  the  diagram  is,  of  course,  the  voltage  of 
one  phase  of  the  armature  winding  and  the  flux  shown 
is  the  flux  enclosed  by  the  armature  phase  chosen.  The 
length  of  this  vector  is  proportional  to  the  strength  of 
the  constant  direct-current  field  (the  maximum  value 
of  the  enclosed  flux)  but  the  phase  position  of  the  vec- 
tor is  such  that  its  projection  on  the  vertical  is  the  en- 
closed flux  at  the  particular  instant  of  time.  Thus,  at 
the  time  represented  by  Fig.  2,  the  voltage  is  a  maxi- 
mum, and  the  flux  enclosed  by  the  coil  is  zero.  One- 
quarter  C3'cle  later  the  voltage  will  be  zero,  and  the 
flux  will  be  a  maximum  and  equal  to  the  total  direct- 
current  flux.  These  relations  will  be  made  clear  by 
Fig.  3,  in  which  A  A'  represents  the  armature  phase  to 
which  the  vectors  of  Fig.  2  apply.  In  the  position  of 
the  rotor  shown,  the  no-load  voltage  has  its  maximum 
value  and  the  main  exciting  flux  enclosed  by  the  arma- 
ture phase  is  zero.  If  the  armature  winding  were  two- 
phase,  the  voltage  and  flux  vectors  of  phase  BB'  would 
be  the  same  as  in  Fig.  2,  except  that  the  diagram  would 

*Et=Ei 


Rf  =  MF 


FIG.    2  FIG.    3 

have  to  be  rotated  90  degrees,  that  is,  the  voltage  is 
zero  and  the  flux  enclosed  by  the  phase  is  a  maximum 
and  equal  to  the  total  field  strength. 

In  Fig.  4,  the  voltage  and  flux  conditions  under 
load  are  illustrated.  The  load  current  /  is  in  phase 
with  the  terminal  voltage  £t,  which  has  the  same  value 
as  in  Fig.  2.  The  total  internal  voltage  Ei  combines 
with  IZ,  which  is  made  up  of  the  voltages  of  self-induc- 
tion IX  and  of  resistance  IR,  to  produce  the  terminal 
voltage,  £t.  Under  these  assumptions,  the  voltage  IR 
is  in  phase  opposition  to  the  current  and  the  voltage 
IX  is  90  degrees  behind  the  current. 

The  same  results  could  have  been  obtained  by  con- 
sidering the  internal  voltage  £1  as  the  resultant  of  the 
terminal  voltage  and  the  voltage  used  in  overcoming 
the  voltages  of  resistance  and  reactance.  In  this  case 
IZ  would  have  the  opposite  direction,  as  shown  by  the 
dotted  line.  The  resultant  flux  in  the  air-gap  RF  that 
produces  the  voltage  £1  is  90  degrees  ahead  of  the  volt- 
age it  produces.  Here  also  the  flux  vector  represents 
the  component  of  resultant  or  air-gap  flux  enclosed  by 
the  armature  coils  of  the  chosen  phase.  The  length  of 
the  vector  representing  the  resultant  flux  is  determined 
from  the  value  of  internal  \'oltage  £1  and  the  corre- 
sponding ampere-turns  taken  from  the  saturation  curve 


of  the  generator.  The  flux  of  armature  reaction  AF  is 
in  phase  with  the  current  as  shown.  The  armature 
reaction,  although  produced  by  alternating  current,  is 
a  continuous  field  fixed  in  space  with  respect  to  tlie  main 
exciting  field.  The  vector  representing  armature  re- 
action, as  with  the  other  flux  vectors,  is  the  flux  of 
armature  reaction  enclosed  by  the  coils  of  the  arma- 
ture phase  under  consideration.  That  this  enclosed  flux 
has  a  maximum  value  equal  to  the  total  armature  re- 
action and  that  it  varies  proportionally  to  the  armature 
current  in  the  chosen  phase  at  all  times,  follow  from 
the  nature  of  armature  reaction.  In  the  case  of  a  two- 
phase  winding,  these  relations  are  self-evident,  since 
the  phases  are  at  right  angles  (electrically)  and  the  flux 
enclosed  by  either  phase  is  due  to  the  current  in  that 
phase  alone.  In  a  three-phase  winding,  all  of  the 
phases  contribute  to  the  flux  enclosed  by  any  one  phase, 
but  the  sum  of  these  fluxes  is  proportional  to  the  cur- 
rent in  the  phase  at  all  times.* 

The  meaning  of  the  vectors  representing  fluxes  has 
been  gone  into  in  detail,  so  that  the  phvsical  meaning 
41 


of  the  vectors  will  not  be  lost,  and  the  significance  of 
vectors  representing  alternator  fluxes  will  be  under- 
stood. 

The  length  of  the  vector  representing  armature  re- 
action is  determined  by  calculation  from  the  alternator 
design,  and  is  expressed  in  terms  of  main  field  ampere- 
turns.  It  may  be  determined  experimentally  by  operat- 
ing an  alternator  with  its  terminals  short-circuited,  and 
measuring  the  field  ampere-turns  necessary  to  circulate 
full-load  current  in  the  armature.  These  field  ampere- 
turns  are  equivalent  to  the  ampere-turns  of  armature 
reaction  and  to  the  field  ampere-turns  necessary  to 
generate  a  voltage  equal  to  the  armature  reactance  and 
resistance  drops.  The  ratio  of  the  field  current  re- 
quired to  generate  rated  voltage  at  no  load,  to  the  field 
current  required  to  circulate  rated  armature  current 
with  zero  terminal  voltage,  is  called  the  "short-circuit 
latio."  It  is  a  convenient  measure  of  the  relative 
strength  of  the  field  and  armature  windings. 

With  two  of  the  flux  vectors,  AF  and  RF,  Fig.  4, 
known  in  amount  and  position,  it  is  possible  to  deter- 
mine the  third — the  main  exciting  flux  MF  by  complet- 
ing the  parallelogram  as  shown. 


♦Reference  to  Figs.  11  and  12,  p.  loS,  in  the  Jourv  .l  for 
April,  '18,  will  help  to  make  these  relations  clear. 
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A  comparison  of  Figs.  2  and  4,  shows  that  the 
main  exciting  flux  MF  at  no  load  (or  excitmg 
current  to  which  the  former  is  proportional)  has 
been  increased  by  an  amount  cd  for  which  armature  re- 
actance and  resistance  are  responsible,  and  by  an 
amount  ef  for  which  armature  reaction  is  responsible. 
At  the  same  time  the  position  of  the  mam  exciting  flux 
vector  has  been  advanced  an  angle  a  due  to  armature 
\oltage  drop  and  an  additional  angle  /i    due  to  armature 

reaction. 

It  is  some  times  stated  that,  at  100  percent  power- 
factor,  the  armature  reaction  flux  is  entirely  a  "cross- 
magnetizing"  flux;  i.  e.  that  it  does  not  decrease  the 
main  flux  but  merely  shifts  it  across  the  pole  face.  Fig. 
4  shows  this  statement  to  be  erroneous.  The  armature 
flux  is  at  right  angles  to  the  main  flux  only  as  it  exists 
at  no  load.  Under  load  it  has  a  considerable  demag- 
netizing effect  due  to  the  shift  in  rotor  position.  The 
armature  flux  AF  can  be  resolved  into  two  components, 
the  cross-magnetizing  component  Ac  and  the  demag- 
netizing component  Ai^.  It  is  not  until  the  armature 
current  has  a  considerable  leading  component  that  the 
armature  flux  ceases  to  have  a  demagnetizing  com- 
ponent. 


the  armature  reactance  voltage  and  reaction  flux  have 
been  brought  more  nearly  in  opposition  to  the  terminal 
voltage  and  the  required  air-gap  flux,  with  the  result 
that  the  internal  voltage  must  be  greater  in  order  to 
maintain  constant  terminal  voltage,  and  the  main  excit- 
ing flux  must  be  increased  by  a  still  greater  percentage. 
These  eft'ects  are  still  more  pronounced  in  Fig  7,  in 
which  the  current  lags  behind  the  terminal  voltage  by 
90  degrees.  Here  the  armature  impedance  voltage  al- 
most entirely  opposes  the  internal  voltage  and  the  arma- 
ture reaction  flux  almost  entirely  opposes  the  main  ex- 
citation. 

Figs.  8  and  9  illustrate  conditions  when  the  cur- 
rent leads  the  terminal  voltage.  Fig.  8  illustrates  the 
conditions  when  the  armature  reaction  is  practically 
neither  magnetizing  nor  demagnetizing.  It  is  not  com- 
monly recognized  that,  at  80  percent  leading  power- 
factor,  the  armature  flux  may  still  be  demagnetizing, 
yet  this  is  the  case.  With  still  greater  leading  com- 
ponents, the  armature  flux  rapidly  increases  in  mag- 
netizing eff'ect,  until  at  zero  leading  powder-  factor  it  is, 
except  for  the  negligible  eft'ect  of  armature  resistance, 
entirely  magnetizing. 

These  \arious  vector  diagrams 'correctly  represent 
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The  physical  meaning  of  this  change  in  position  of 
the  flux  vectors  can  be  seen  by  constructing  Fig.  5, 
which  bears  the  same  relation  to  Fig.  4  as  Fig.  3  bears 
to  Fig.  2.  It  will  be  seen  that  the  rotating  part  has 
changed  its  position  so  that  when  the  terminal  voltage 
is  a  maximum,  the  rotor  is  in  advance  (i.  e.,  in  the  di- 
rection of  rotation)  of  the  position  it  had  at  no  load. 
The  direction  of  rotation  of  vectors  is  shown  opposite 
to  that  of  the  actual  rotor  because  the  vectors  refer  to 
conditions  of  voltage  and  flux  m  the  stationary  arma- 
ture. The  angle  of  advance  is  the  same  as  the  angle 
of  advance  of  the  vector  MF  in  Fig.  4,  so  that  while  the 
vector  MF  does  not  show  the  actual  position  of  the  ro- 
tor, the  change  in  position  of  the  vector  is  equal  to  the 
change  in  position  of  the  rotor.  The  change  in  rotor 
])Osition  with  changes  in  load  and  power-factor  is  of 
considerable  importance  in  connection  with  the  divi- 
sion of  load  between  synchronous  frequency  changer 
sets,  and  in  problems  of  synchronous  motor  operation. 

Fig.  6  shows  flux  and  voltage  relations  when  the 
armature  current  lags  behind  the  terminal  voltage  by 
an  angle  of  2i7  degrees  corresponding  to  a  power-fac- 
tor of  80  percent.     By  this  change  in  current  position. 


conditions  only  when  the  reluctance  of  the  magnetic 
circuit  is  substantially  the  same  at  all  points  of  the  arm- 
ature circumference.  This  is  the  case  with  a  cylin- 
drical turborotor  but  is  obviously  not  the  case  with  a 
salient  pole  rotor.  The  magnetizing  effect  of  the  arm- 
ature current  is  determined  experimentally  by  operat- 
ing the  generator  at  zero  power-factor,  i.  e.,  wdien  the 
armature  flux  is  completely  demagnetizing  and  the  sa- 
lient poles  are  in  a  position  to  produce  minimum  reluct- 
ance. This  relation  between  armature  flux  and  rotor 
position  exists  to  a  considerable  degree  at  all  lagging 
l)Ower-factors  and  at  low  leading  power-factors,  but 
at  power-factors  in  the  neighborhood  of  80  percent 
leading  (see  Fig.  8) the  armature  flux  has  only  a  small 
magnetizing  or  demagnetizing  eft'ect  and  the  rotor  is 
in  such  a  position  with  respect  to  the  armature  field  that 
the  magnetic  reluctance  is  a  maximum.  Thus  the  value 
of  armature  flux  determined  experimentally  is  only  ap- 
plicable, in  the  salient  pole  alternator,  under  conditions 
of  demagnetizing  and  magnetizing  flux.  All  values  of 
cross-flux  component  show'n  in  the  vector  diagrams 
should  be  considerably  reduced  on  account  of  the  in- 
creased reluctance  of  the  path  the  cross  flux  follows. 
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This  correction  is  important  only  with  the  higher  lead- 
ing power-factors,  a  condition  rarely  encountered  in 
practical  work. 

The  diagrams,  Figs.  2  to  9,  are  based  on  an  actual 
generator  design  and  are  drawn  to  scale.  The  genera- 
tor chosen  has  the  no  load  saturation  cui've  A' A  shown 
by  Fig.  10.  The  magnitudes  of  the  voltages  and  fluxes 
shown  by  the  diagrams  are  given  in  Table  I.  This  data 
for  the  condition  of  zero  power-factor  lagging  is  also 
indicated  on  the  saturation  curve  C'C,  Fig.  10.  The 
internal  voltage,  at  zero  power-factor,  is  equal  to  the 
sum  of  the  reactance  voltage  and  the  terminal  voltage 
(neglecting  the  small  resistance  voltage).     Thus  AB  is 


FIG.   8  FIG.    9 

the  reactance  voltage  (20  percent  of  the  terminal  volt- 
age) and  BD  is  the  terminal  voltage.  OD  represents 
the  resultant  flux  RF  in  field  ampere-turns.  Since  at 
zero  power-factor  the  value  of  the  total  existing  am- 
pere-turns MF  is  practically  the  sum  of  the  resultant 
or  air-gap  ampere-turns,  and  the  armature  reaction 
ampere-turns,  the  total  exciting  ampere-turns  may  be 
shown  on  the  saturation  curve  by  adding  the  armature 
reaction  BC  to  the  resultant  ampere-turns  OD. 

TABLE  I— GENERATOR  EXCITATION 
Generator   Da/o :— Short   circuit    ratio    1.5;    Armature    re- 
action 50  percent  of  no  load  field  ampere  turns;  Armature  re- 
actance 20  percent  of  terminal  voltage;  Armature  resistance  4 
percent  of  terminal  voltage. 


Load 
Percent 

P-F 
Percent 

Term. 
Volts 

Internal 
Voltage 

Resultant 

Amp. 

Turns 

R  F 

Field 
Amp. 
Turns 

M  F 

Open-Circuit 

\'nltage  with 

Full  Load 

A-T 

(Regulation) 

0 
100 
100 
100 
100 

100 
80 
0 
0* 

I.OO 
I.OO 
I.OO 
I.OO 
I.OO 

I.OO 
1.06 

i-iS 
1.20 
0.80 

I.OO 
1. 12 
1-34 

0.70 

I.OO      1           I.OO 

1.28   1      1. 16 
1.70   1      1.25 

2.00      1           1. 3 1 
0.20      1          0.51 

♦Leading 

In  practical  work,  the  following  generator  charac- 
teristics are  determined  from  test : — 

a — The  no-load  saturation  curve,  A' A. 

h — The  field  ampere-turns  required  to  circulate  full-load 
armature  current  when  the  alternator  is  short-circuited.  This 
gives  the  total  ampere-turns  necessary  to  overcome  the  arma- 
ture voltage  drop  and  the  armature  reaction.  This  point  is 
indicated  on  the  saturation  curve  at  C  since  the  terminal 
voltage  is  zero. 

c — The  zero  power-factor  saturation  curve  CC.  This  is 
obtained  by  using  an  under-excited  generator  as  load. 

There  is  no  satisfactoiy  way  of  determining  the 

armature  reaction  and  armature  reactance  separately 

by  test.     It  is  possible,  however,  to  separate  these  two 

factors  by  a  graphical  method,  based  on  the  no-load  and 

zero  power-factor  saturation  curves.     At  all  terminal 


voltages,  the  horizontal  distance  between  the  two  sat- 
uration curves  is  made  up  of  the  ampere-turns  required 
to  generate  a  voltage  equal  to  the  armature  drop  (am- 
pere-turns OB'  for  voltage  ^'.B')  and  the  ampere-turns 
equivalent  to  the  armature  reaction  (ampere-turns 
B'C).  Thus  the  points  A'C,  of  the  right  angled 
triangle  A'B'C,  lie  on  the  two  saturation  curves  at 
all  terminal  voltages.  By  trial,  it  is  possible  to  deter- 
mine the  dimensions  of  a  triangle  that  best  meets  this 
condition  and  so  determine  the  armature  drop  and  arm- 
ature reaction.  This  is,  in  effect,  separating  the  com- 
bined effect  of  armature  reaction  and  reactance  on  ex- 
citing current  into  two  components;  one,  the  reaction 
which  is  the  same  at  all  terminal  voltages,  and  the  other, 
the  reactance  which  is  dependent  on  terminal  voltage, 
since  it  is  a  constant  voltage  A'B'  or  AB  that  requires 
an  increasingly  greater  exciting  current  OB'  to  GB  for 
its  generation  as  the  terminal  voltage  is  increased. 

It  is  sometimes  suggested  that  the  armature  re- 
actance can  be  measured  directly  when  the  alternator 
rotor  is  at  rest,  or  when  the  field  is  removed  from  the 
armature.     A  little  consideration  will  make  it  clear  that 
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the  reactance  measured  with  the  field  removed  is  that 
due  to  the  total  self-induction  of  the  armature  winding 
(fluxes  a  b  and  c  of  Fig.  i)  modified  by  the  increase  in 
magnetic  reluctance  due  to  the  removal  of  the  field. 
This  is  considerably  higher  than  the  reactance  during 
normal  operation.  With  the  field  in  position,  but  at 
rest,  polyphase  currents  in  tlie  armature  winding  estab- 
lish a  rotating  field  that  sets  up  an  opposing  field  by 
currents  in  the  rotor  structure.  Thus  a  part  of  the 
armature  flux  that  penetrates  the  rotor  (armature  re- 
action) is  neutralized  so  that  the  reactance,  measured 
in  this  way,  comes  nearer  the  effective  reactance  of 
synchronous  operation  than  does  the  reactance  meas- 
ured with  the  rotor  removed.  A  low  resistance  cage 
winding,  as  used  in  single-phase  generators,  should  im- 
prove this  agreement.  In  general,  the  reactance  meas- 
ured with  the  rotor  at  rest  (the  locked  saturation  test 
commonly  made  on  induction  and  synchronous  motors) 
is  somewhat  higher  than  the  reactance  of  synchronous 
operation. 
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The  data  in  Table  II,  from  tests  on  a  single-phase 
generator  give  a  quantitative  idea  of  results  from  these 
several  methods.  The  generator  was  provided  with  a 
complete  three-phase  winding  and  tests  were  made  with 
the  same  current  per  terminal  with  both  single-phase 
and  polyphase  current.  The  rotor  had  a  low-resist- 
ance cage  winding  and  the  reactance  measured  with 
rotor  at  rest  is  in  better  agreement  with  the  correct  re- 
actance than  would  otherwise  be  the  case.  The  ratio 
between  these  various  reactances  will  var>-  in  other 
generators,  due  principally  to  differences  in  the  shape 
and  proportions  of  the  generator  parts,  and  it  is  not_^safe 
to  draw  conclusions  from  these  figures  other  than  those 
already  indicated. 

PRACTICAL    EFFECTS    OF    POWER-FACTOR    ON    EXCITATION 

The  armature  reaction  and  reactance  have  their 
greatest  effect  on  excitation  at  zero  power-factor.  With 
lagging  currents  and  zero  power- factor,  the  armature 
reaction  subtracts  directly  from  the  main  excitation 
and  the  reactance  voltage  subtracts  directly  from  the 
internal  voltage.  At  other  power-factors,  armature  re- 
action and  reactance  may  be  conveniently  divided  into 
a  component  oposing  the  excitation  or  internal  voltage 
and  a    component   at   right   angles   to   these   quantities. 

TABLE  II— ARMATURE  REACTANCES 
Generator   rating: — 4500   k.v.a.,    II 000   volts,    single-phase, 
25  cycles,  500  r.p.m. 


Data  tVoin 

Percentages 
at  4500  k.v.a. 
single  phase 

Percentages 
at  7S00  k,v.a. 
three  phase 

Instantaneous  short-circuit  test.. 

No  load  and  zero  P-F  sat.  curves 

Locked  saturation  test  (rotor  at 
rest)   

Test  without  rotor  in  position   . . 

Synchronous  reactance  (react- 
ance -|-  reaction  at  zero  ter- 
minal voltage,  syn.   speed)  . . 

13 
13 

15 
21 

87 

10 
II 

12.5 
18 

125 

The  opposing  component  of  the  reactance  voltage  is 
equal  to  the  reactance  voltage  multiplied  by  the  sine  of 
the  angle  of  phase  difference  between  load  cvirrent  and 
terminal  voltage;  the  component  at  right  angles  to  this 
is  equal  to  the  total  voltage  multiplied  by  the  cosine. 
Due  to  the  shift  in  rotor  position  the  two  components 
of  the  reaction  flux  are  not  so  simply  determined  but, 
as  will  be  evident  from  Figs.  4  to  9,  the  demagnetizing 
component  of  the  armature  reaction  decreases  as  the 
sine  of  the  angle  of  phase  difference  decreases  and  the 
cross  flux  component  increases  as  the  cosine  increases. 
Thus  it  is  important  to  have  a  clear  idea  of  the  relative 
values  of  sines  and  cosines  for  different  angles,  as  these 
represent  the  relative  magnitudes  of  the  reactive  and 
power  components  of  the  current,  and  thus  indicate 
roughly  the  effect  of  the  load  current  on  excitation. 
These  relative  values  may  be  visualized  by  the  triangles 
of  Fig.  II.  The  important  point  to  get  from  this  illus- 
tration is  the  rapid  increase  in  reactive  or  demagnetiz- 
ing factor  with  relatively  small  variations  in  power- 
factor  from  100  percent.     Thus,  with  only  one  percent 


reduction  in  power- factor  the  reactive  factor  has  in- 
creased to  14  percent  of  the  total,  and  at  95  percent 
power-factor — still  considered  high  by  operating  engi- 
neers— the  demagnetizing  effect  is  almost  one-third  as 
much  as  if  the  power-factor  were  zero.  By  changing  the 
power-factor  from  100  to  80  percent,  the  reactive  factor 
has  been  increased  to  60  percent  of  the  total  while  an  ad- 
ditional equal  change  in  power-factor  from  80  percent 
to  60  percent  increases  the  reactive  factor  by  only  20 
points.  The  reason  for  this  is  made  clear  by  plotting 
power- factor  against  reactive  factor  as  in  Fig.  12.  The 
resulting  curve  is  the  quadrant  of  a  circle.  In  the  range 
from  80  to  60  percent  power-factor,  there  is  very  nearly 
one  percent  change  in  reactive  factor  for  one  percent 
change  in  power-factor.  For  power-factors  higher 
than  80,  there  is  a  gradually  increasing  ratio  of  change, 
and  for  power-factors  below  60,  there  is  a  gradually 
decreasing  ratio  of  change.  For  power-factors  below 
fx)  percent,  the  further  increase  in  reactive  factor  has 
very  little  operating  importance. 
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The  importance  of  these  relations  from  the  opera- 
tor's point  of  view  is  that  changes  in  power-factor  of 
only  a  few  percent  with  power-factors  near  loo  percent 
require  large  changes  in  exciting  current  to  maintain 
constant  bus-bar  voltage,  while  large  changes  in  power- 
factor,  if  the  initial  power-factor  is  lower  than  60  per- 
cent, are  usually  unimportant. 

Thus,  it  is  unnecessary  to  determine  very  closely 
the  power-factor  of  the  starting  current  of  induction  or 
self-starting  synchronous  motors.  It  is  sufficient  to 
know  that  in  all  cases  the  power- factor  is  below  50  per- 
cent and  the  demagnetizing  effect  of  this  current  is  \ery 
nearly  the  same  as  it  would  be  were  the  power-f.'ictor 
zero.  On  the  other  hand,  if  a  large  25  cycle  turbo- 
generator is  intended  to  supply  current  exclusively  to 
synchronous  converters  with  a  power-factor  at  the 
generator  not  lower  than  95  percent,  it  is  necessary  to 
have  a  lively  respect  for  the  large  increase  in  field  cur- 
rent necessaiy  to  handle  a  general  power  or  furnace 
load  of  even  85  or  80  percent  power-factor. 
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THE  most  elementary  consideration  of  alternating- 
current  circuits  involves  the  use  of  simple  trig- 
onometic  functions  to  express  the  time  variation 
of  voltage  and  current.  Usually  this  variation  is  ex- 
pressed as  a  function  of  a  single  frequenc}-,  as 
e  -  E  sin  t")  ^,  where  e  is  the  value  of  the  electro-motive 
force  at  any  instant ;  E,  the  maximum  value  of  the 
wave ;  <J  the  angular  velocity  in  radians  per  second  for 
a  two-pole  machine  and  correspondingly  smaller  angles 
for  multipolar  machines ;  and  /  the  time  in  seconds  from 
the  instant  taken  as  zero  time.  The  product  u  t  then 
is  the  angle  in  electrical  degrees  traversed  from  the  ref- 
erence time  and  is  equal  Xo  2  -w  ft  where  /  is  the  fre- 
quency in  cycles  per  second.  Even  when  the  variation 
of  current  or  voltage  is  not  simply  a  function  of  a 
single  frequency,  it  has  very  often  been  used  on  ac- 
count of  the  lack  of  means  of  obtaining  the  true  math- 
ematical statement  of  the  variation  of  the  function. 


FIG.    I — HARMONIC   ANALYZER 

B— crossbar;  C — carriage;  E — contact  point  at  edge  of 
template ;  H — point  of  polar  planimeter ;  K — handle  ;  Q — card 
of  gear  ratios;  i?— slide  rails;  T— turntable;  X— Template;  W— 
gears. 

An  exact  analysis  of  the  variation  of  such  a  func- 
tion can  be  obtained  readily  with  the  harmonic  analyzer 
shown  in  Fig.  I  and  the  polar  oscillograph  attachments 
Fig.  2*  Experience  in  the  practical  operation  of  these 
devices  has  shown  their  usefulness  in  the  simple  but 
mathematically  correct  solution  of  all  alternating-cur- 
rent problems,  excepting  transient  phenomena.  Erron- 
eous conclusions  can  be  avoided  and  the  causes  of  elec- 
trical troubles  can  be  found  by  the  use  of  these  appli- 
ances, which  are  so  simple  that  a  nontechnical  man 
can  obtain  definite  and  accurate  results. 

As  an  illustration  of  the  importance  of  harmonic 
solutions,  take  the  determination  of  the  potential  drop 
and  wave  .shape  across  an  air  reactance  in  series  with 
an  unloaded  transformer.  Assume  a  reasonable  cur- 
rent-limiting reactance  of  0.02  henries  in  series  with  -i 


♦This  analyzer  was  described  and  a  theory  of  its  operation 
given  in  articles  by  Mr.  L.  \V.  Chubb  in  the  Journal  for  Feb- 
ruary and  May   1914,  pp.  91   and  262. 


transformer  rated  at  1600  k.v.a.,  25  cycles,  10  500  volts, 
which  had  an  exciting  current  of  12.24  amperes  at  nor- 
mal excitation;  if  it  is  further  assumed  that  sufficient 
accuracy  in  the  determination  of  the  voltage  drop  across 
the  reactor,  will  be  obtained  by  expressing  the  exciting 
current  as  a  function  of  a  single  frequency,  as  in  curve 
A,  Fig.  3,  the  wave  shown  by  curve  A  of  Fig.  4  will  be 
that  of  the  voltage  drop  across  the  reactor.  The  am- 
plitude of  this  wave  at  any  instant  is  proportional  to  the 
slope  or  tangent  of  the  current  wave  at  that  instant ; 
and  the  voltage  is  equal  to  the  product  of  the  inductance 
L,  expressed  in  henries,  and  the  time  rate  of  change  of 
current  which  expressed  mathematically  is: 
di 

'^^^^  w (^) 

where 

i  =  —  I  cos  w  t (.?) 

The  negative  cosing 
function  is  used  in  place 
of  the  usual  sine  funct- 
ions to  give  the  proper 
phase  relation  with  the 
•  mpressed  transformer 
voltage  which  is  assumed 
to  be  xero  at  zero  time. 
From  equation  (  2 ) 

di 
-^  =  w  I  smut (j) 

Substituting  this  in  equ- 
tion  (i) — , 

t'L  =0)  /.  /sin  CO  /. .  .    (4) 

=   2  TT  2^X0 .02   X    1      2y.t2.24 

Sl'tl  2  W2j  I  =  54.4  volts  .  .  (.-,-) 

for  the  maximum  value  of  curve  A,  Fig.  4,  or  38.5 
volts  for  the  r.m.s.  value  obtained  by  omitting  ^  2  from 
equation  3. 

If,  instead  of  this  single  frequency  assumption,  the 
more  complete  expression  for  the  exciting  current,  the 
true  shape  of  which  is  shown  in  curve  B,  Fig.  3,  is 
found  by  methods  described  below  to  be 
i  =  0.66s  ^'"  "  '  -  '5-^  cos  mi-  0.272 sin  jwt  -  7.9'  cos^ oj /  etc. , 
as  given  in  Table  I,  the  true  shape  and  size  of  the  volt- 
age wave  of  the  reactor  will  be  that  of  curve  B,  Fig.  4. 

The  equation  for  this  wave  is  given  in  tabulated 
form  in  Table  II.  It  is  determined  in  the  same  way 
that  equation  4  was  determined  in  the  single  frequency 
case,  that  is,  by  differentiating  the  current  wave  and 
multiplying  by  a  constant.  This  is  a  very  si.nple  pro- 
cess, especially  when  the  equations  are  tabulated,  con-, 
sisting  simply  of  rewriting  the  A  terms  of  the  current 
wave  under  the  B  heading  of  the  voltage  wave  and 
multiplying  each  by  2  tt  L  and  the  order  of  the  harmonic 
(e.  g.,  by  5  for  the  fifth  harmonic).  The  A  or  sine 
terms  of  the  voltage  wave  are  determined  in  the  same 
way  from  the  B  or  cosine  terms  of  the  current  wave 


FIG.    2 — 
POLAR    OSCILLOGRAM 
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except  that  the  sign  of  each  term  must  be  changed.  It 
will  be  noted  how  much  more  prommcnt  the  higher 
harmonics  are  in  the  differentiated  wave  due  to  being 
multiphed  by  the  order  of  the  harmonic. 

This  wa\e  would  give  a  reading  of  68.1  volts  on  a 
voltmeter  instead  of  38.5  as  calculated  on  the  single 
frequency  assumption.  Then  too,  at  the  instant  in  the 
cycle  when  the  time  is  22  electrical  degrees,  with  the 
above  mentioned  assumption,  the  amplitude  would  be 
calculated  to  be  21  volts  while  actually  it  would  be  132 
volts,  and  when  the  maximum  value  of  the  amplitude 
would  be  expected,  the  true  amplitude  would  actually 
be  very  nearly  zero. 

A  sine  wave  of  voltage  was  used  on  the  transformer 
when  the  exciting  current  was  determined.  In  order  to 
keep  the  above  illustration  simple  the  same  wave  shape 
was  assumed  on  the  terminals  of  the  transformer,  al- 
though in  practice  it  is  more  than  likely  that  this  would 
be  the  wave  shape  on  the  power  side  of  the  reactance 
coil.  The  assumption  just  mentioned  would  not  ma- 
terially affect  the  lesson  which  may  be  gained  from  the 
example  just  given,  from  which  it  is  readily  seen  how 

30, 

xcilinK  Current  of  a  Transformci 


Equivalenl  Cosine  Wave 


FIG.    3 — TR.\XSFORMER   WAVE   SHAPES 

B — Exciting  current. 

A — Equivalent  cosine  wave. 

easily  a  misconception  might  be  obtained  as  to  what  is 
occurring  in  a  more  complicated  circuit  in  which  the 
phenomena  are  not  so  well  known. 

To  illustrate  the  method  of  determining  the  correct 
expressions  for  periodic  waves  by  means  of  the  appa- 
ratus mentioned  earlier  in  this  article,  the  operations 
involved  will  be  described  somewhat  in  detail,  using  a 
simple  test  on  apparatus,  the  principle  of  operation  of 
which  is  well  known,  namely;  a  three-phase,  delta-con- 
nected transformer  without  load,  the  only  unusual  fea- 
ture being  that  one  phase  winding  of  the  transfor- 
mer is  off-ratio  by  one  turn. 

Polar  oscillograms  were  taken  of  the  phase  voltage 
and  the  current  of  each  leg  of  the  delta  winding,  Fig.  5, 
using  a  circular  film  holder  in  connection  with  the  or- 
dinary oscillograph  in  the  same  manner  as  with  the 
familiar  rectangular  film  holder.  The  film  was  driven 
in  synchronism  by  a  self  starting  synchronous  motor 
which  comes  up  to  speed  in  an  instant,  and  is  a  great 
time  saver  compared  to  the  stroboscopic  method  for- 
merly used.    The  use  of  a  synchronous  film  permits  re- 


peated exposures  of  the  oscillogram  and  so  a  weaker 
light  may  be  used,  such  as  that  from  a  nitrogen  filled, 
concentrated  filament  lamp,  arranged  for  over- voltage 
operation  during  the  exposure  of  the  film ;  replacing 
the  arc  light  which  required  much  more  attention. 

The  leads  from  one  element  were  touched  succes- 
sively to  the  terminals  of  each  of  the  phases  of  the 
transformer  under  test,  or  the  corresponding  points  on 
voltage  transformers  and  in  succession  to  the  terminals 
of  the  oscillograph  resistances  in  series  with  each  phase, 
shown  in  Fig.  5.  Meanwhile,  the  synchronous  film  mo- 
tor was  kept  running  and  the  film  shutter  was  opened 
for  appro.ximately  one-half  second  after  each  connection 
had  been  made.  In  this  manner  all  the  waves  desired 
were  shown  in  their  proper  phase  position,  and  all  on 
one  film  as  shown  in  Fig.  6.  When  quite  a  number  of 
waves  are  to  be  put  on  one  film,  it  is  best  to  use  two 
or  three  elements  at  a  time ;  say  one  for  the  voltage  and 
one  for  the  current,  which  will  permit  the  use  of  the 
same  calibration  for  all  the  waves  of  one  kind. 

After  developing  the  film,  the  time-axis  was  put  on 
by  drawing  a  diameter  through  the  zero  circle,  Fig.  6, 


FIG.    4 — VOLTAGE  DROl'  ACROSS  AN  AIR  CORE  REACTOR  OF  0.02  HENRIES 

B — due  to  the  exciting  current  wave  B  of  Fig.  3. 
^4— due  to  the  equivalent  cosine  v;ave  A  of  Fig.  3. 

at  the  point  where  phase  A  voltage  wave  passes  through 
zero  in  the  positive  direction.  The  rotation  of  the  film 
is  always  clockwise  so  that  the  progression  of  time  is 
counter-clockwise  to  conform  to  the  usual  trigonometric 
conventions. 

As  many  prints  were  made  as  there  were  waves  to 
be  analyzed,  using  solio  paper  stapled  to  six  or  eight 
ply  bristol  board  of  good  quality.  This  card  board, 
when  cut  to  the  shape  of  the  wave  on  the  solio  print, 
forms  the  template  used  on  the  analyzer.  Judging  from 
a  comparison  of  the  results  obtained  by  the  analysis  of 
other  templates  cut  by  different  men  from  different 
films  taken  on  the  same  phenomenon,  it  appears  as 
though  the  outline  of  the  template  did  not  vary  more 
than  one  or  two  hundredths  of  an  inch.  As  a  matter 
of  fact,  only  ordinary  care  and  ordinary  shears  were 
used  in  cutting  the  template  but  the  results  check  very 
closely,  probably  because  the  variations  from  the  cor- 
rect shape  do  not  occur  at  any  definite  frequency. 

The  use  of  a  pattern  print  of  solio  paper  does  away 
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with  the  necessity  for  washing  or  developing  the  prints. 
These  operations  not  only  take  time  but  might  result 
in  a  greater  shrinkage  in  one  direction  than  in  another. 
The  time  axis  was  quickly  transferred  from  the  print 
to  the  cardboard  template  by  punching  a  couple  of  holes 
into  the  bristol  board  through  the  reference  line  on  the 
print,  with  a  pin  or  needle. 

The  bristol  board  templates  of  each  wave  thus  made 
were  used  in  conjunction  with  the  analyzer,  Fig.  i. 
The  analysis  consisted  of  finding  the  sine  and  cosine  co- 
efficients of  each  of  the  odd  harmonic  components  up 
to  the  thirteenth.  The  eleventh  harmonic  was  negligibly 
small  and  so  was  not  recorded.  When  a  number  of 
waves  are  to  be  analyzed,  the  greatest  speed  can  be  ob- 
tained by  determining  both  the  A  and  B  components*  of 
each  wave  in  turn  for  a  given  harmonic  instead  of  com- 
pletely analyzing  each  wave,  which  would  involve  an  un- 
necessarj'  amount  of  gear  changing.  Any  coefficient  is 
determined  by  placing  the  template  X,  Fig.   i,  on  the 


FIG.    5 — TEST   CONNECTIONS   OF  DELTA-CONNECTED  TRANSFORMER 

turntable  T  so  that  the  time  axis  coincides  with  the 
corresponding  mark  on  the  instrument,  turning  the 
handle  K  to  the  right  until  the  table  makes  one  revolu- 
tion, using  the  gears  W  specified  in  the  chart  Q,  and 
noting  the  difference  in  the  readings  of  the  planimeter  at 
the  start  and  finish.  The  carriage  C  starts  from  the 
near  end  of  the  rails  R  for  the  sine  coefficients  or  A 
terms  and  from  the  mid  position  on  the  rails  for  the 
cosine  or  B  terms.  The  planimeter  with  its  tracing 
point  H  set  in  one  end  of  the  bar  B  integrates  an  area 
which  is  proportional  to  the  coefficient  sought.  The 
motion  imparted  to  this  tracing  point  is  produced  by 
the  simple  harmonic  motion  of  the  carriage  back  and 
forth  on  the  rails  and  in  the  traverse  direction  by  the 
rotation  of  the  template  attached  to  the  turntable. 

The  actual  operation  of  the  analyzer  is  more 
simple  than  any  complete  description  would  indicate,  as 
may  be  judged  from  the  fact  that  a  total  of  over  loo 
constants  have  been  determined  on  six  different  tem- 
plates in  four  hours  after  the  templates  were  ready  for 
use,  by  an  operator  who  had  little  experience  on  the 


analyzer.  By  the  mathematical  or  graphical  methods 
formerly  used,  this  would  likely  take  many  days,  the 
accuracy  would  be  less,  and  the  work  much  more  tiring. 
The  analyses  of  the  waves  shown  in  Fig.  6  are  given  in 
Table  IH. 

By  "order  of  the  harmonic",  n,  mentioned  in  the 
table,  is  meant  the  number  by  which  the  fundamental 
frequency  must  be  multiplied  to  give  the  frequency  of 
the  wave  whose  order  is  n.  For  example :  when  n  =  ^ 
and  the  fundamental  frequency  of  the  circuit  is  60, 
then  the  frequency  corresponding  to  h  is  5  X  60  or  300. 

Any  vector  C,  Fig.  7,  can  be  compounded  from  two 
other  vectors  A  and  B,  both  of  which  have  a  phase  po- 
sition different  from  that  of  C  and  an  angle  of  90  de- 
grees between  them.  The  angle  «  is  equal  to 
tan-'^    B/A.     In    the    same    manner    a    harmonic   wave 


*See  article  by  L.  W.  Chubb,  loc.  cit. 


FIG.   6 — POLAR  OSCILLOGRAM 

Of  the  vector  relations  in  a  delta-connected  group  of  trans- 
formers, showing  seven  waves,  three  of  voltage,  three  of  excit- 
ing current  and  one  of  the  circulating  current,  in  addition  to 
the  zero  circles. 

C  shi  J  (w  +  a  )  can  be  found  from  two  components, 
A  sin  J  d  +  B  cos  9,  which  are  90  degrees  apart.  In 
this  case  the  value  of  C  and  «  are  determined  in  ex- 
actly the  same  manner  as  in  the  preceeding  case. 

U  A  IS  a  positive  number,  it  means  that  the  sine 
wave  passes  through  zero  in  the  positive  direction,  as 
in  Fig.  8;  but,  in  a  negative  direction,  if  A  is  negative. 
If  B  has  a  positive  sign  the  cosine  wave  has  a  positive 
maximum  at  zero  time,  as  in  Fig.  8;  but  if  negative,  it 
has  a  negative  maximum  at  zero  time. 

According  to  Kirchoff's  law,  the  sum  of  the  line 
currents  at  any  instant  is  zero;  but  if  we  take  the  sum 
of  the  equations  of  the  currents  in  the  three  phase-wind- 
ings we  find  that  it  is  a  considerable  quantity,  due  to 
the  current  circulating  in  the  delta  circuit  of  the  trans- 
former. The  algebraic  sum  of  the  currents  in  each 
of  the  three  phase-windings  divided  by  J,  shown  in 
Table  III,  gives  the  equation  of  the  circulating  current. 
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The  factor  3  must  be  used  because  the  circulating  cur- 
rent was  included  in  each  of  the  coil  currents  and  so  it 
has  been  included  three  times  in  the  algebraic  sum  of 
those  currents. 

The  terms  of  the  equation  for  the  circulating  cur- 
rent determined  directly  from  the  circulating  current 
wave  of  the  oscillogram  shown  in  Fig.  6  check  fairly 
well  with  those  of  the  equation  obtained  by  taking  one- 
third  of  the  sum  of  the  equations  of  the  coil  currents, 
while  the  r.m.s.  value  of  current  (4.29  amperes)  of  the 
two  equations  of  circulating  current  check  to  less  l!an 
0.5  percent.  This  current  was  also  measured  by  an  am- 
meter which  indicated  the  same  value  of  current  as  was 
obtained  from  the  equations.  The  measurements  and 
the  oscillograms  of  this  current  were  obtained  with  one 
of  the  primary  coils  of  three  current  transformers  in 
series  with  each  phase-winding ;  and  the  three  secondary 
coils  in  parallel  across  an  ammeter  and  oscillograph 
shunt  as  shown  in  Fig.  9.  The  symmetrical  components 
of  the  line  currents  in  the  three  delta  connected  wind- 
ings cancel,  because  of  their  three-phase  relation,  auJ  a 
current  proportional  only  to  the  circulating  current  w  ;i 
flow  in  the  ammeter.  The  ammeter  reading,  multiplied 
by  the  ratio  of  the  current  transformer,  must  be  di- 
vided by  three  for  the  same  reason  given  above  for 
dividing  the  three  Fourier's  series  by  three. 

The     circulating      current 
I       ~"~~-~~._f  generally   consists   mainly   of   a 

'B  ~"~ — fcC        third    harmonic,    that    is,    of    a 

sinusoidal  wave  of  three  times 
nominal  frequency  of  the  cir- 
cuit. However,  in  this  case  there  was  a  large  circulat- 
ing current  of  the  fundamental  or  the  nominal  fre- 
quency of  the  circuit.  This  suggested  that  the  ratio 
was  incorrect  in  one  phase,  which  later  was  proven  to 
be  true.  This  accounts  for  the  peculiar  shape  of  the 
exciting  current  waves. 

With  the  equation  of  the  waves  available  almost 
any  of  their  properties  can  be  obtained.  For  example ; 
the  r.m.s.  value  is  the  square  root  of  one-half  the  sum 
of  the  squares  of  the  A  and  B  coefficients  of  all  the 
harmonics.     For  the  r.m.s.  current  in  phase  A  : — 

/a  =l/o.5(j5.8f+/6.j/S-+/./4-+j.gcfH-o.s/^S-^^'' +0.3/'-') 

=  13.92  amperes. 

The  amplitude  of  any  wave  at  *  ^  o,  that  is, 
when  phase  A  voltage,  which  was  used  as  the  time  ref- 
erence in  this  analysis,  crosses  through  zero  in  the  posi- 
tive direction,  is  equal  to  the  algebraic  sum  of  all  the 
B  coefficients.  A  quarter  of  a  cycle  later,  the  ampli- 
tude of  any  wave  is  the  sum  of  all  the  A  coeflicients. 

The  power  is  one-half  the  algebraic  sum  of  the 
products  of  the  coefficients  of  the  voltage  wave  into  the 
corresponding  terms  of  the  current  wave.  The  power, 
for  example,  delivered  to  phase  A  at  fundamental  fre- 
quency is: 

PiA  =  0.5  {6.S4  X  10  270  -\-  16. 4&  X  sH)   =  37  7'3  ~^i-'al's. 
In  the  same  way  the  third  harmonic  delivers  147  watts ; 
the  fifth,   150;  and  the  seventh,  372  watts.     In  other 
words,  all  the  power  which  is  consumed  in  the  losses  of 


FIG.  7- 


-SUMM.\TION  OF 
VECTORS 


this  transformer  enters  at  nominal  frequency  while  a 
part  of  the  power  received  at  this  frequency  is  trans- 
formed to  power  at  higher  frequency,  which,  in  this 
case,  is  being  returned  to  the  line.     In  the  same  way 

TABLE  I— EQUATION  OF  EXCITING  CURRENT  OF  A 
TRANSFORMER,  IN  AMPERES. 


Order  of  the 
Harmonic, 

N 

Corresponding 

Frequency 
Cycles  l^er  Sec. 

Coefficient  of 

Sine  Terms. 

An 

Coefficient  of 
Cosine  Terms 

B„ 

I 
3 
5 
7 
9 

25 

75 
125 

175 
225 

+  .655 
—.272 

—  ■315 
—.117 
—.081 

—  15.20 

—  7-91 

—  2-34 

—  0.39 

—  0.1 1 

TABLE  II— EQUATION  OF  VOLTAGE  DROP  ACROSS 

AN  INDUCTANCE  OF  0.02  HENRIES. 

Produced  by  the  Exciting  Current  given  in  Table  I. 


Order  of  the 
Harmonic, 

N 

Corresponding 

Frequency 
Cycles  per  Sec. 

Coefficient  of 

sine  Terms, 

An 

Coefficient  of 

Cosine  Terms, 

B„ 

1 

I 

.     3 

5 
7 
9 

25           1           +47-7                     +2.09 

75                     +74.4                     —2.56 

125                     +36.8                     -4-95 

175                     +  8.57                   —2-57 

225                     +  3.10                   —2.29 

the  power  delivered  to  phases  B  and  C  is  25  117  and 

18  665  watts  respectively.  The  fact  that  phase  C  re- 
ceived a  negative  amount  of  power  was  due  to  the 
transformer  being  off  ratio.  The  total  net  power  de- 
termined in  this  way  was  between  two  check  deter- 
minations made  with  wattmeters. 

The  difference  of  the  equations  for  the  current  in 
phases  A  and  B  will  give  the  current  in  line  .IB.  The 
current  in  line  AB  determined  in  this  way  was  2.74  am- 
peres and  the  corresponding  ammeter  reading  was  2.81 
amperes.  The  other  r.m.s.  values  determined  from  the 
equations  checked  the  meter  equally  well. 

Since  the  equation  of  voltage  is  known,  the  flux 

wave  may  be  determined  from  $  =  a'  |  .  The  value 
of  K  may  be  obtained  from  the  design  data.  It  con- 
sists of  such  factors  as  the  number  of  turns  on  whi'^h 
the  voltage  is  impressed,  and  the  frequency  of  the  sup- 
ply circuit. 

The  angle  of  phase  difference  between  any  two 
waves  may  be  found,  if  desired,  from  the  fact  that  the 
phase  angle  of  any  wave  with  respect  to  the  reference 


FIG.   8 — RELATION    OF    SINE    WAVES 


wave  is  equal  to  i/n  tan-'^  Bn  A^  electrical  degrees, 
where  n  is  the  order  of  the  harmonic.  With  the  data 
now  available  the  crest  factor,  form  factor,  amplitude 
of  any  wave  at  any  instant,  and  the  power-factor  can 
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be  obtained.  This  e.xample  gives  an  idea  of  how  well 
the  data  determined  from  oscillograms  will  check  the 
power  and  r.m.s.  meters,  determinations  of  voltage  and 
current,  and  also  of  the  amount  of  information  which 
the  meters  will  not  give  that  can  be  obtained  by  using 
analyzed  oscillograms. 


nstSTTi 
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Winding 


■'JLUljUUUai  u^ 
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^-(j-jj-^    Winding 
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G.     9 — TEST    CON'NEC- 

TIONS 


FIG.    10 — SECONDARY  CURRENT 

WAVE  OF  A   SINGLE-PHASE 

INDUCTION  MOTOR 


TABLE  III- 


The  polar  oscillogram  attachment  and  the  har- 
monic analyzer  will  be  of  most  value  in  settling  points 
of  doubt  concerning  phenomena  which  are  not  as  well 
understood  as  is  the  preceeding  example.  They  are 
not  limited  to  phenomena  of  odd  frequency  but  can  de- 
termine even  or  odd  harmonics  of  a  wave  up  to  the  fif- 
tieth harmonic.  A  practical  case  where  large  even  har- 
monics occur  is  in  the  secondary  current  of  a  single- 
phase  induction  motor  having  a  wave  shape  shown  by  a 
rectangular  oscillogram  in  Fig.  lo.  The  analysis  of  the 
polar  oscillogram  of  the  same  wave  shows  that  it  con- 
sisted of  a  fundamental  equal  to  four  percent  of  the 
equivalent  sine  wave,  8o  percent  of  second  harmonic, 
45  percent  of  fourth  harmonic,  31  percent  of  sixth,  21 
percent  of  eighth  and  15  percent  of  tenth.  These  per- 
centages express  the  propor- 
tion each  harmonic  is  of  the 
equivalent  sine  wave.  It  ap- 
pears that  the  sum  of  these 
components  is  greater  than 
100  percent,  but  harmonics 
are  added  by  taking  the 
square  root  of  the  sum  of  the 
squares  of  the  various  har- 
monics. 

Harmonic  analysis  has 
been  very  useful  in  locating 
transformer  trouble  and 
doubtless  could  be  used  to 
great  advantage  on  other  ap- 
paratus. A  harmonic  analy- 
sis has  been  made  of  the  ex- 
citing current  corresponding 
to  various  inductions  at  which 
a    power    transformer    might 

operate.  This  analysis  is  now  used  as  a  standard 
for  comparison  as  the  transformer  used  in  compiling  the 
data  of  the  harmonic's  components  at  various  inductions 
was  normal  in  all  respects. 


Now,  if  another  transformer  shows  abnormal  char- 
acteristics, a  comparison  of  its  analysis  with  that  of 
the  standard  analysis  will  often  locate  the  trouble.  For 
example:  if  all  the  higher  harmonics  are  a  larger  per- 
centage of  the  fundamental  than  the  percentages  de- 
termined from  the  standard  analysis  at  an  induction 
equal  to  that  of  the  calculated  value  of  the  transformer 
under  test,  it  is  likely  that  the  core  contains  an  amount 
of  iron  which  is  too  small  to  permit  it  to  operate  at  its 
calculated  induction.  If  the  total  exciting  current  of  a 
butt-joint  transformer  is  high  and  yet  the  higher  har- 
monics are  small,  it  is  probable  that  the  assembly  of  the 
core  has  resulted  in  air  gaps  at  the  joints  of  the  lamina- 
tions, which  would  increase  the  fundamental  without 
affecting  the  higher  harmonics. 

If  the  A^,  A^  and  /ig  coefficients  are  large  and  the 
A^,  A^  and  A^^  coefficients  have  a  comparatively  small 
positive  value  (analyzed  from  the  positive  zero  value 
of  the  voltage  wave),  a  large  coercive  force  and  cor- 
respondingly high  core  loss  is  probable,  and  may  be 
due  to  poor  annealing.  Of  course,  the  problem  is  more 
difficult  if  several  of  these  factors  enter  at  once. 

With  normal  transformers,  it  is  rather  remarkable 
how  closely  the  percent  values  of  higher  harmonics  of 
exciting  current  will  check,  when  operating  at  the  same 
induction,  even  though  the  designs  be  quite  different. 
For  example :  single-phase  transformers  usually  have  a 
third  harmonic  of  approximately  23  percent  at  an  induc- 
tion of  6000  gausses,  39  percent  at  10  000  and  55  per- 
cent at  16000  gausses. 

Harmonic  analysis  by  means  of  polar  films  and  the 
mechanical  analyzer  is  also  useful  in  the  determination 
of  the  reason  a  generator  interferes  with  telephone  and 
telegraph  service.     Knowing  which  harmonics  are  the 


HARMONIC  EQUATIONS  OF  VOLTAGE,   EXCITING   CURRENT   AND 
CIRCULATING  CURRENT 


Of  a  Three-Phase,  Off-Ratio  Transformer.     Amplitudes  in  Volts  and  Amperes. 


1 

3 

5 

7 

9 

J    Current   in    Phase   A 

4-6.84l-fl.14 

—•51 

4-0.31 

—0.08 

Coetiftcient  of  Sine  Terms,  A„      < 

Current   in    Phase   B 

-fii.86]  —.27 

-3.5Sl-hi-28|-«-07| 

^    Current    in    Phase   C 

— 20.40 

-I-I-05 

4-4,401—2.02 

—0.24 

'    Current   in    Phase  A 

—16.48 

-5-90 

—5.46  —2.04 

—0.31 

Coefficient  of  Cosine  Terms,  B„  ^ 

Current   in    Phase   B 

-I-1173 

+•95 

-f  2.08  4-0.26 

4-0.04 

Current   in    Phase    C 

-I-16.72 

4-8.31 

4-4.84  4-1.46 

—0.48 

-    Voltage  of   Phase  A 

-t- 10  270 

—129 

—295  —120 

—18 

Coefficient  of  Sine  Terms,  A,, 

Voltage   of   Phase   B 

—4760 

—103 

4-263 1      4-9 

4-19 

Voltage   of   Phase   C 

—5410 

—no 

4-64I  4-I0I 

-1-9 

-    Voltage  of   Phase  A 

—314 

+111 

4-166I      4-9 

0 

Coefficient  of  Cosine  Terms,  Bn  ■ 

Voltage   of   Phase   B 

-1-9140 

+9 

4-170   -Ss 

0 

Voltage   of   Phase   C 

-8730 

4-27 

—310    4-55 

4-18 

Coefficient  of  Sine  Terms,  A„ 

Circulating  Current 

-ho.2S|-H).48|-fo.o8H-o.04 

— 0.22 

Coefficient  of  Cosine  Terms,  B„ 

Circulating   Current 

-1-4.06 1  —4.46 1  -1-0.23 1  -t-0.05 

--0.32 

Coefficient  of  Sine  Terms,  A„ 

One  third  of  the  al- 

gebraic sum  of  the 

— 0.57  -|-o.6i  -fo.ii  — 0  14 

—0.13 

Coefficient  of  Cosine  Terms,  5n 

current    in    phase   A\                |            |                        j 

B  and  C  |     -|-3.9g|— 4.42H-0.49  — o.ii 

—0.2s 

source  of  the  trouble,  the  design  of  the  machine  may  be 
changed  to  eliminate  the  cause  of  these  harmonics. 

Some  of  the  advantages  of  the  polar  oscillograms 
maybe  summarized  as  follows : — 


THE    ELECTRIC    JOURNAL 


263 


a— The  ease  with  which  the  correct  mathematical 
expression  for  a  periodic  wave  can  be  obtained. 

b — The  large  scale  on  which  a  wave  is  taken ;  for 
example,  the  length  of  the  phase  C  current  wave  of  Fig. 
6  is  50  cm.  (20  inches)  while  the  length  of  a  single- 
cycle  in  a  rectangular  oscillogram  is  usually  10  cm.  or 
less,  due  to  the  fact  that  if  the  film  is  run  faster  to  pro- 
duce a  greater  length  for  a  given  cycle  along  the  time 
axis,  the  exposure  is  not  sufficient  to  make  a  clear  line 
on  the  film.  In  polar  coordinates  this  line  is  usually 
traced  over  several  times  as  the  film  rotates  synchron- 
ously. 

c — The  ease  of  obtaining  the  constants  of  the  an- 
alyzed wave  such  as  the  r.m.s.,  average  and  maximum 
values,  the  form  factor,  etc. 


d — The  fact  that  many  waves  can  be  taken  on  a 
single  film  and  their  proper  phase  relation  will  be  shown. 
This  also  reduces  the  number  of  films  required  to  a 
minimvnn  and  saves  the  time  of  loading  and  developing. 
For  example,  to  show  the  seven  waves  recorded  on  one 
polar  film  (Fig.  5),  and  a  reference  vector  so  tliat  tue 
jihase  relation  could  be  determmed,  a  3-element  rectang- 
ular oscillograph  would  require  four  films. 

e — The  power  can  be  measured  in  circuits  having 
a  very  abnormal  wave  shape  and  in  which  the  period 
required  for  the  determination  of  the  power  of  these 
peculiar  waves  ma)'  be  short,  or  the  power-factor  unus- 
uallv  low. 


W.    H.    BOYCE 

Superintendent, 
The  Beaver  Valley  Pa.  Traction  Company 

In  response  to  ah  inquiry  from  a  business  and  personal  friend,  Mr.  W.  H.  Boyce  explains  in  th« 
following  letter  a  policy  of  winning  the  public's  confidence,  goodwill,  and  support,  that  is  well  worth 
the  consideration  of  all  street  railway  managements,  and  especially  of  those  in  cities  of  moderate  size 
who   are  apt  to   feel   that   such  a  policy  is   warranted   only   by   companies    serving   larger   communities. 

The  sample  advertisements  represent  only  a  few  selected  from  the  large  number  used  by  Mr.  Boyce  in 
the  last  six  years.  When  asked  to  select  those  advertisements  which  were  productive  of  the  best  results, 
Mr.  Boyce  replied:  "I  hardly  know  what  to  say,  for  in  my  opinion  hardly  any  of  these  advertisements 
would  stand  alone  and  lie  of  much  benefit.  It  is  getting  to  the  people  from  the  many  different  angles 
that  has  counted."     (Ed.) 


My  Dear  Mr : — 

Replying  more  fully  to  yours  of  the  12th  inst.,  I'll  attempt 
to  answer  the  questions  in  the  order  you  put  them  to  me. 

First — What  prompted  me  to  start  a  campaign  of  this  sort? 

Second — What  was  the  feeling  of  the  public  before  such 
a  campaign  was  started? 

Third — What  is  the  attitude  of  the  public  since  the  facts 
have  been  put  before  them  in  such  a  light? 

Fourth — What  were  the  results  obtained? 

I — In  the  fall  of  1912  I  first  fully  realized  the  need  of  ac- 
quainting the   public  with   at  least   some  of  the   many   of   our 


r 


•I- %«  %^  %^  «^%^V%^»^ ' 


NO  POWER 

Delay  to  cars  was  the  result  of  a  series  of  small 
mishaps  which  in  the  aggregate  caused  a  delay  of 
almost  45  minutes. 

The  primary  cause  for  the  delay  to  the  cars 
Thursday  was  that  the  condenser  pumps  failed  by 
reason  of  slicks,  weeds,  etc..  being  sucked  up  from 
the  rii'er.  This  m  turn  put  out  of  commission  our 
vacuum  system  which  draws  the  oil  to  the  top  of  the 
engine  room,  from  which  point  it  is  fed  to  the  en- 
gines. 

Due  to  our  inexperience  in  handling  the  new  ro- 
tary which  we  have  just  put  into  use  and  which  was 
pulling  part  of  the  load  after  we  had  to  pull  off  our 
engines  on  account  of  lack  o  foil,  it  reversed  the  gen- 
erators of  each  of  these  engines  when  we  did  get 
them  ruiming  and  attempted  to  make  them  tak; 
part  of  the  load  The  polarity  of  these  generators 
then  had  to  be  reversed  again.  Each  of  these  de- 
lays, small  in^hemselves.  totaled  45  minutes* 


1 


we  had  nothing  to  hide ;  that  the  star  chamber  sessions 
and  back  door  hand-outs,  if  they  had  ever  existed,  were  a 
thing  of  the  past;  that  all  we  asked  from  them  or  any  person 
was  an  even  break;  that  in  a  measure  a  community  could  only 
prosper  to  the  extent  that  the  public  utilities  of  that  vicinity 
prospered.     Yet,  there  was  much  to  be  desired. 

News  articles  which  we  furnished  the  newspapers,  and 
which  they  ran,  upon  the  operation  of  our  store  room,  the  lost 
article  department,  methods  used  in  combating  snow,  employees' 
outings,  etc.,  after  a  time,  it  seemed  to  me,  reacted  in  a  measure 
upon  both  the  newspapers  and  oursc-Ivcs.     I  have  had  persons 


\ 


\m  BIU[  flAG  or  THE  WEATHtR  BUREAU  j 

5    When  the  Blue  Flag  is  displayed  at  the  Weather  Station  + 

i    it  means  j 

^             RAIN  or  SNOW  I 

+ 

If  The  latter,  it  eosts  tliii;  Company  hun.Inds  aii.i  some-  + 

tini's  thonsaiida  of  dollars.  * 

Swiejiers  must  be  equipped  and  ready       iSfariiigs  of  ali  * 

eqiiipmeiit  e.\amined  and  oiled.  Z 

Kxtm  crews  niiisf  be  nn  duty  before  tlie  snow  gets  £o  * 

•  de'-p  that  it  is  evident  the  sweepers  must  be  sent  ont,  • 
^  When  snow  starts  fo  fall,  we  cannot  wait  nntil  we  deter-  * 
X  mine  the  depth  of  the  fall  before  we  commence  our  fight  t 
X    against  it.  X 

*  >iany  nighU  when  finow  threatens,  8  to  10  trainmen  are  t 
J  kept  on  duty  at  full  pay  for  this  emergency.  | 
t  01  course  this  is  protecting  our  earning  capacity,  but  i\e  t 
%    just  want  to  call  your  attention  to  another  of  the  many  + 

strains  upon  the  nickel.  + 


I  It's  Pretty  Soft  for  You     I 

y;  YOU  HAVE  A  SOLDIER  IN  FRA.'-JCE  WHO  IS  FAC-  £ 

Ifi  INC.  DEATH  FOR  YOU.    What  can  you  do     for    him'  S 

Ijj  There  is  very  little  that  you  can  do  for  him  in  compan-  S 

u:     son  to  what  he  is  doing  for  you.  3UT 3 

*  You  can  give  him  yourself— your  loyalty  in  thought.  5i 

*  work  and  deed.    You  can  give  him  your  money~to  the  tfi 
Ifi  lait  dollar  if  he  needs  it    to  carry  on  your  fight.                  IfJ 

Uj  But  your  country  does   not  ask  you  to  give,  only  lo  in-  S 

u-  vest  your  savings  in  the  best  and  safest  bond  on  earth  * 

«^  —the  Liberty  Bond.  It's  pretty  soft*for  vou    i«<»i'l  it"*-      -« 
LC 

If^  Buy  your  bond.^^  today   that  your  .soldier     in     Franrr  u: 
ly  know  that  the  man  for  whom  he  is  going  throuph  S 


\  The  Beaver  Valley  Traction  Co. 

operating  problems.  This,  too,  came  at  a  t:me  when  the  rela- 
tions existing  between  the  company  and  the  owners  and  editors 
ot_  the  three  daily  and  two  weekly  papers  were  maintaining  a 
tair  attitude.  The  newspaper  men  were  beginning  to  realize 
through  the  media  of  matters  of  mutual  interest  discussed 
during  my  many  visits  at  their  offices  and  their  friendly  call 


The  Beaver  Valley  Traction  Co. 


\^  may  Know  that  the  man  for  whom  he  is  going  throuph   Q; 

u:  Hell  has  fighting  -.tuff   in  him,  even  if  be  has  to  -t.Tv-  ;<(      - 

S  home. 

S  Inserted  by 


■++'!"t-:-j'+v+-i-*H +■■■■ 


s  The  Beaver  Valley  Traction  Co. 

say  to  me:   "What  did  it  cost  you  to  have  that  article  placed 

in  the   ?" 

The  conclusion  was  obvious — Do  like  any  other  up-to-date 
business  concern.  Contract  for  a  certain  amount  of  paid 
advertising  space  and  properly  use  that  space. 


upon   me    that  all   ,  v  a   i  ""'  "'"''   ""'"  '^^^  question  then  was  what  to  advertise  first.     Naturally 

askea  tor  was  a  square  deal  and  that       it  must  be  something  in  which  we  could  interest  the  general 
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public.  Accident  prevention  was  the  opening  gun.  On  Satur- 
day, December  7th,  1912,  all  the  daily  papers  ran  a  first  page 
story,  dealing  in  a  general  way  with  the  number  of  accidents 
happening  yearly  in  the  United  States.  They  dwelt  on  the 
teri-ific  economic  waste  of  such  a  large  number  of  preventable 
accidents  and  announced  to  the  public  that  this  Company  would 
on  Monday,  December  9th,  1912,  start  an  advertising  campaign 
in  an  attempt  to  educate  the  public  to  the  dangers  of  the  street. 
We  started  off  with  a  full  page  advertisement.  This  ran 
for  three  days.  Then  a  half-page  advertisement  was  run  for 
three  days.  Then  we  cut  the  space  to  that  contracted  for  on 
a  yearly  basis,  a  lo-inch  single  column,  or  5-inch  double  column 
per  day.  Since  that  time  we  have  kept  continuously  at  it  in 
one  form  or  another,  i.e.,  accident  prevention  advertising, 
public  relations  advertising,  traflic  promotion  advertising  or 
advertising  in  behalf  of  some  worthy  project,  such  as  for  the 
past  three  weeks,  we  have  devoted  our  space  continuously  to 
the  promotion  of  the  sale  of  bonds  of  the  Third  Liberty  Loan. 


Why  We  Are  Going 


To  Appeal  To  You 


Wi-  Klu  IV  lliiii  iiifii  13  voii.-liliiU'J  will)  .1  bi^  9|>0t  uf 
fainicw  (iiiJ  juhliu'  i(i  luiiiyaiul  llmt  liw  |>ro[n'r  word  or 
plBti  M-ill  i,-ji.  ti  lt>uUi»'1  Hti'l  l(iinj<il  lo  tin.- burfuct;.  Ttial 
It]  wbut  *v  iiiv  s<H-liir>t{—  u  lull  iiifli'inUiiJin^  Ijy  Llif  i^i'O- 
pltf  uf  tb<.-|>i»>'li  ifib.>r  lniii-.|<uit.iti.>i>  It  tlioy  iiuJcrtilanJ 
tlify  will  It*. I  W  >■>  u.ilv  I/,  o'livl.uiii 

undUobtedlv  condemwino  a  service 
doea  not  aid  in  ary  way  in  bringing  about 
a  betterment 

we  hflvk  no  objection  if  at  present 
you  do  condemn  the  service  if  you  ^^ll 
accord  us  the  fairness  of  reading  each 
one  of  our  advertisements 

Tliui-e  ixrv  «il.vuvs  l».'  si.lia  ry  11  stufV  Uuo'f  judite 
tin:  a.i-\k-e  i-ulil  you  U-.ui.  tbo  iK-td^.  'I'Leii  jiiJgL— and 
wo  Itiiow  ll'iil  3("d  "Jf  riiirii.-.b  111  uij.ii  will  be  at  the  stir- 
frtcc  diid  iii^^lfad  oi  a  (jivj.idioMi-iiiiiKi  tUreaily  made  np 
-  lyin*  of  fiUll  Timl^r,  >ou  will  Ik-  a  booster  and, aid  iQ 
brii'b'iiiK  r.>r%vHrd  inulliudi,  U  rii.tke  llic  stfh'ice  as  you 
woold  likf  a  We  iii''-d  »<i  iiijT.-.is^,'  ill  frtit.  Wc  ace  goins 
,tu  LeII  you  in  oui  udvoriis.-iiiculf.  i.n'iiii  tUtueil  fewdayis 
way  w.-  ueed  iLi.i  iiiLii-a-M'  Wir  utuil  eujfgestiOiis— Co- 
peoiully  if  Ibvv  c\W  (be  renu-dy  for  mir  faulls. 


The 

Beaver  Valley  Traction  Co. 

W.  H.  BOYCE,  Saperintendent 


I  have  been  criticised  by  some  for  the  homely  English  of 
which  some  of  our  advertisements  are  composed.  Have  had 
other  operators  say:  "That's  all  very  well  for  a  small  com- 
munity like  the  Beaver  Valley,  but  for  a  Company  our  size, 
your  type  of  advertisements  is  not  dignified  enough."  But  our 
advertisements  have  been  written  with  a  view  to  reaching  the 
masses ;  the  classes  as  a  rule  are  not  inclined  to  be  so  antagon- 
istic. 

We  must  not  take  ourselves  too  seriously  even  in  advertis- 
ing. Lincoln  "got  by"  even  though  he  did  enjoy  a  joke.  Billy 
Sunday  has  been  fairly  successful,  though  not  too  choice  in 
his  use  of  the  English  language.  We  have  had  more  favorable 
comment  on  such  advertisements  as :  "Is  Your  House  in 
Order?"  than  on  those  of  greater  dignity. 

The  one  fixed  principle  governing  our  advertising  matter, 
is  that  we  shall  not  maintain  one  attitude  toward  the  public  in 
our  advertising  and  permit  the  trainmen  or  other  employees  to 
assume  another;  nor  do  we  maintain  any  policy  in  print  and  in 
reality  practice  another.    We  have  shown  defects  in  our  service 


in  paid  advertising,  promising  a  remedy  if  that  were  possible; 
if  not,  showing  why  not.  We  have  had  a  great  deal  more 
satisfaction  from  this  criticism  of  our  own,  than  to  have  had 
others  portray  our  shortcomings  in  language  warped  to  their 
own  ends. 

2 — As  to  your  second  question — Now,  I  hate  to  believe  it, 
but  if  they  really  meant  all  they  said  and  wrote  during  those 
times,  our  public  must  have  been  feeling  rather  badly  about 
their  real  and  fancied  wrongs.  Enough  of  this  reply  to  your 
Question  No.  2.     I  hasten  to  the  more  pleasant  third. 

3 — The  next  time  you  call  upon  me,  I  will  take  pleasurt 
in  exhibiting  to  you  some  very  flattering,  to  me,  published 
"Letters  to  the  Editor,"  the  origin  of  which  I  assure  you  I 
had  no  hand  in  or  previous  knowledge  of.  You  probably  know 
how  those  things  are  accomplished  sometimes.  Honestly,  at 
times,  especially  this  past  winter,  the  public  here  has  put  up 
with  a  great   deal   and   said  very  little.     Why?     Because   they 


Lest  We  Forget 

"Safety  First" 


I  BvtlT  ouwrc  of  bln-nyth  aad  prwigy  of  Ihe  American 

g  («opre  at  bon*  must  be  diverted  into  thtr  proper  channels 

3  if  our  military  forces  are  lu  be  fully  supported. 

*  I 

3  Carvkssness  and  Negbgcnre  %viU  nul   help. 

a  Kvery  Atcidenl  reduces  the  ErTicienry  wf  Out  N«liv»n 


t«t  utt  do  dll  we  pos^^ibl)  ran  lo  promote  Ih^  luuse  of 
SAI-ET\  FIRST 


I  The  Bedver  Valley  Trdttion  to.  i 

ej  W.  II.  BO^Ct.  Supetinlfiulent  \ 


Is  Your  House  in  Order? 


D<>er.  the  maid  ulwajs  Jl.  as  aht'  la  Lold; 

Ooes  the  wife  always  "obey?" 

Do  Ihc  children  ever  get  lanlrunis? 

Does  the  furnace  ever  smoke? 

Do  the  spigots  leak? 

Does  tliP  landlord  always  ptoniplly  make  the  requested 

repairs? 
Does  the  newsboy  ever  tail  lo  k-avo  yOur  paper? 
Does  the  dinner  always  suit  you 
Does  every  little  ihing  always  go  just  riglil  at  yooi  hogae' 

Our  system  i*  just  a  great  big  wonderful  hoame. 
wonderful  in  that  so  many  things  do  go  right. 


THE  BEAVER  VALLEY  TRACTION  CO. 


now  know  that  we  are  not  voluntarily  going  to  reduce  our 
service  50  percent,  when  by  that  reduction  the  loss  to  us  metns 
hundreds  of  dollars.  They  now  know  how  difficult  it  is  to 
heat  a  street  car  during  zero  weather,  because  they  know  how 
difiicult  it  is  to  heat  a  house  during  cold,  windy  weather  and 
we  have  pointed  out  to  them  how  much  greater  the  task  would 
be,  if  the  house  had  windows  on  all  sides  instead  of  brick  or 
weatherboarding,  the  doors  of  the  house  being  constantly 
opened  and  closed,  and  the  house  propelled  rapidly  through 
space,  or  placed  on  an  exposed  location  with  a  thirty  mile  wind 
blowing. 

There  were  a  great  many  similar  things  that  they  knew  be- 
fore, but  hadn't  taken  the  trouble  to  compare  the  conditions 
which  affected  their  business  and  home  life  to  the  street  rail- 
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wavs.  We  have  gone  along  on  the  theory  that  a  great  many 
persons  like  to,  and  do  think,  after  reading  an  article  that  they 
have  known  the  fundamental  facts  contained  in  the  article  for 
a  long  time,  but  had  never  had  occasion  to  paraphrase  or  as- 


TIMES  PAST 

AND 

PRESENT 


/= 


For  the  first,  threp  months  of  this  fiscal 
year— that  is.  April.  May  and  June,  1917,  our 
Gross  Revenues  increased  S7.790  23  For  the 
same  three  months  our  Total  Street  Railway 
Operating  Exnenses  and  Taxe^  in-rreased 
S16.809, 16. 

The  situation  in  the  Electric  Railway  busi 
ness concern?  ►he  prospenty  of  everv  person, 
andtheprospTityofpvpry  borough  in  this 
communllv  very  directly  Yo'idonot  have  to 
be  a  bLi;si"t'ss  man  or  woman  U>  understand 
%hat  no  business  can  conlinue  at  a  loss,  nor 
with  inadequai-e  resources.  If  its  expenses 
goupbeyindacerlaiii  point,  its  income  most 
go  up  too 

On  July  2laL  the  New  Jersey  commission 
allowed  fhe  NoriJi  Jersey  Co.  to  increase 
their  rate  from  5c  to  fie.  Why  not?  TKe  bak- 
er is  charging  lOc  for  the  loaf  they  used  t-c  sell 
^or  5c,  becauv  a  it  costs  Ihem  more  "The 
watch  that  made  the  dollar  famous"  is  now 
sold  for  SI  35  for  the  same  reason.  "Uncle 
Sam"  is  even  gomg  to  raise  the  price  Of  post- 
age stamps  from  2c  to  3c 

In  the  cases  above  mentioned  you  are  gel- 
ting  the  same  service  at  an  increased  cost. 
while  on  the  other  hand,  the  increased 
amount  of  service  given  to  the  street-  car 
rider  during  the  past  10  yea.rs.  witho«t  in- 
creasing the  unit  of  fare,  has  been  tremen' 
dous.  It  has  come  in  many  forms — better 
cars,  faster  trips,  greater  transfer  privUeges. 


Think  It  Over 
and  Be  Fair 


Tlie  Beaver  Valley 
Traction  Company 


One-Fifth  of  All 
Wealth 

OF  THE  UNITED  STATES  IS  WVESTED  IN  THE 
FURNISHING  OF  TRANSPORTATION.  UOBT. 
HEAT,  POWER.  WATER.  OAS  AMD  TELEPHONES. 

Twenty-Eight  Billion 
Dollars 

Are   Represented   in 
This  Line  of  Business 

IP  THE  BALANCE  OP  THE  COUNTEY  IS  TO  BE 
PROSPEEOOS  THE  TRANSPORTATION  LINES 
MUST  BE  MADE  TO  PAY  A  FAIE  EABNTNO  ON 
THE  MOtiEY  INVESTED 

EveryOtherBusiness 
Does  or  Fails 

IF  THE  TRANSPORTATION  LINES  WERE  TO 
FAIL— IF  MONEY  SEEKING  INVESTMENT  IS 
PLACED  IN  OTHER  UNES  OF  BCSINESS  WHAT 
ARE  YOU  GOING  TO  DO  ABOUT  TRANSPORTA 
TION-- 

TheLifeofaCountry 
Is  its  Transporta- 
tion Facilities 

ARE  YOD  BETTERING  OR  HINDERINO  THE 
PROGRESS  OP  THE  COUNTRY  S  LIFE'' 


THEBmVALLEyTRACIIONCfl. 


Ull    Cars   Have   Controllers  3 


ALL  TEMPERS  SHOULD  HAVE.  IF  EITH 
ER  ARE  MISSING  FROM  OUR  CARS  OR  EH 
PLOYEES  WONT  YOU  GIVE  US  THE  BEN- 
EFIT  OF  YOUR  KNOWT.EDGE"  WE  IN 
TORN  PROMISE  TO  IMPROVE  THE  CON 
DITION 


'f 


:  The  Beaver  Valley  Traction  Co. 


4 — The  results  obtained  :  First — A  public,  a  large  percer'lage 
of  which  is  for  the  first  time  acquainted  with  many  of  our 
operating  problems  and  costs,  and  therefore  is  more  appre- 
ciative and  lenient  than  they  could  otherwise  possibly  be. 
Second — Until  the  present  period  of  labor  unrest,  a  decreas- 
ing number  of  accidents  and  their  attendant  costs. 
Third — On  September  i6th,  1916,  we  put  into  effect  without 
any  voiced  objections  or  appeal  to  the  Public  Service  Commis- 
sion a  new  tariff,  which  abolished  books  of  100  tickets  sold  for 
$4.50,  labor  tickets  and  school  tickets,  which  sold  at  2.5  cents 
and  3.5  cents  each  respectively,  in  lots  that  were  sufficient  for 
one  month's  daily  use  and  good  only  for  the  month,  substituting 
therefore  21  tickets  for  $1.00.  In  January,  igi8,  after  several 
months  of  logically  cumulative  advertising,  we  abolished  the  sale 
of  21  tickets  for  $1.00,  and  substituted  in  their  stead,  strip 
tickets  in  lots  of  10  for  55  cents  or  6  cents  fare  if  cash  fare 
was  tendered. 


sociate  them  as  they  were  used  in  the  article  read.  We  have 
applied  this  theory  to  some  of  our  advertising.  We  gladly  re- 
cord that  there  has  been  a  decided  betterment  of  the  attitude 
of  the  public. 


NO  FARE  CARS 


<j  We  have  some  cars  that  when 
needed  travel  our  lines  and  no 
fares  are  received.    These  are. 

THE  SALT  CARS 
THE  SNOW  PLOW  CAKS 
THE  SAND  CARS 
THE  SCRAPPER  CARS 
THE  EMERGENCY  CARS 
THE  WORK  CARS 

j  7 hey  all  represent  an  invalment  and 
\  must  be  maintained  out  of  the  nicl^el 
j  you  pay  for  your  riJc- 

I 

[  The  Beaver  Valley  Traction  Co. 
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i         MUTUAL 

1  RESPONSIBILITY 

i  ^^^^=^=^^=^^=^= 
::i        Did  you  ever  slop  to  consider  that 

i:|  you  as  d  public  are  mutually  responsible 

ii:  with  us  for   the  characler  of  street  car 

:U  seivice  pio\  ided  liere-be  it  good  or  bad-- 

iti  as  you  may  have  your  own    opinion  in 

:::  thai  connection? 

••E  Transportation  is  u  commodity       It  i$ 

:::  bought    and   sold.       We   represent    the 

':::  sellers  and  yotj     ihe  Public,  are  the  buy- 

III  era.     As  buyer  and  seller  there  comes  0 

:::  mutual  responsibility 

iJi  Etpfcll,  .1  ih,.  I.or  .1  ,1  lr..Bihcn>  the  hjul  o.  dcct».)f»  I>k 

:::  la>c   o-  C4^^.  411,  wnuiu^l  Fi|ir<id<iuit  ol  ihe  income  wh»h 

iji  i>  ti  >u^  Vno~  li.M.ifd  lu  ibc  -Mcklt  io>i  yty  (o>  each  nde 


I  >Kc»  h< 


tod  It"    pll.    b.'l-M"    u> 


IHE  BEAVER  VALLEV  TRACTION  CO.       | 


We  operate  through  nine  towns  and  two  townships.  On 
account  of  this  last  raise  in  fare,  the  Chamber  of  Commerce 
of  one  community  filed  a  protest  upon  the  last  day  of  grace, 
for  as  the  directors  stated  to  me,  they  were  there  to  look  after 
the  interests  of  the  community,  and  although  personally  none  of 
them  was  averse  to  the  increase  going  into  affect,  merely  as  a 
matter  of  form,  to  protect  themselves  if  the  question  should 
arise  in  the  future,  they  filed  this  protest.  The  Council  of  the 
town  of  course  followed  suit.  Two  other  towns  filed  a  protest 
almost  three  weeks  after  the  new  tariff  was  in  effect.  Neither 
of  them  are  pressing  the  issue.  Both  the  Chamber  of  Com- 
merce and  the  Council  in  by  far  the  largest  borough  through 
through  which  we  operate,  discussed  the  matter  and  decided 
not  to  file  a  protest. 

Could  this  result  have  been  accomplished  without  the  good 
will  of  the  public?  Could  the  good  will  of  the  public  have  been 
gained  by  mediocre  service  and  advertising,  or  w-ith  excellent 
service,  and  no  advertising.  Decidedly  not.  From  the  "results 
obtained"  we  conclude  that  continued,  truthful,  educational 
advertising  does  pay.  W.  H.  Boyce 


'The  Ps'Oiliictaoii  of  CoIsg 

H.  D.  James 


E\ERY  American  should  be  interested  in  the  con- 
servation of  our  national  resources  and  the  mak- 
ing in  America  of  dyes  and  other  chemicals, 
which  were  formerly  purchased  from  Germany.  For 
years   this  country  wasted  perhaps  the  most  valuable 


FIG.    I — CAR    DUMPER    AND    COAL    HANDLING    EQUIPMENT 

Of  the  By-product  Coke  Plant  of  the  Lehigh  Coke  Company, 
South  Bethlehem,  Pa. 

part  of  the  coal  in  the  manufacture  of  coke.  Coke  is 
produced  from  coal  by  the  action  of  heat.  The  process 
drives  off  the  tar  and  volatile  matter,  leaving  a  hard 
gray  substance  known  as  coke.  Until  recently  the 
process  was  carried  on  in  this  country  in  what  are 
known  as  "bee  hive  coke  ovens".  This  process  pro- 
duced only  coke,  and  wasted  the  byproducts. 

During  the  past  ten  years  a  large  number  of  plants 
have  been  built  which  conserve  the  byproducts  and  are 
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around  and,  while  there  is  still  dust  in  some  of  the  op- 
erations, there  is  no  nuisance  or  damage  to  the  sur- 
rounding country.  This  dust  consists  largely  of  coke 
breeze  which  is  a  very-  fine  coke  dust.  There  is  also 
coal  dust  in  and  about  the  crushers  and  conveying  ap- 
paratus. It  is  therefore  necessary  to  protect  all  con- 
trol apparatus  from  this  dust  to  reduce  the  maintenance 
and  insure  reliable  operation.  Many  of  the  controller 
panels  are  enclosed  in  cabinets  provided  with  felt  pack- 
ing around  the  door.  Examples  of  these  cabinets  are 
shown  in  Figs.  2  and  3. 

The  control  applications  to  a  byproduct  coke  plant 
can  best  be  described  by  taking  up  the  process  of  manu- 


■S5?3 


FIG.    2 — PUSHER    RAM    CONTROLLER 

Diagram  of  connections  shown  in  Fig.  5. 
often    referred    to   as   byproduct    coke    and    gas    oven 
plants.     These  plants  eliminate  a  great  deal  of  the  dust 
and  fumes  which  originally  ruined  the  country  for  miles 


FIG.   3 — PROTECTIVE    PANEL 

Doors  Open  and  closed.     Diagram  of  connec- 
tions shown  in  Fig.  5. 

facturing  coke  from  the  time  the  coal  is  received  at  the 
plant  until  the  coke  is  ready  for  shipment. 

The  method  of  handling  the  coal  from  the  cars  or 
barges  to  the  receiving  bins  depends  upon  the  locality 
and  method  of  receiving  the  coal.  Where  the  coal  is 
shipped  by  rail,  the  car  is  often  elevated  to  a  height  of 
40  or  50  ft.  and  emptied  directly  into  the  receiving  bin. 
In  other  cases  the  coal  is  emptied  into  a  track  hopper 
and  conveyed  by  belts  to  the  bins.  This  latter  process 
is  shown  in  Fig.  i.  When  the  coal  is  received  by 
barges,  a  regular  unloader  may  be  used  or  some  form 
of   hoist  with   clam   shell   bucket.     Where  the  coal   is 
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stored   in  the  open,  a   coal   bridge   is   required.     Con-  Coal  is  conveyed   f ron:   the   receiving  bins  to  the 

trol  for  coal  and  ore  bridges  has  been  described  in  a  breakers    and    crushers.       These    crushers    consist    of 

previous  article  and  the  control  for  car  dumpers  will  hammer    mills    or    rolls    driven    by     constant    speed 

h    d        'b  d  1  ter  motors,  the  controller  being  of  a  plain  rheostatic  type 


FIG.    4 — INTERLOCKING    CONTROL    PANELS    FOR    THE    COAL    HANDLING    MACHINERY 

Corresponding  to  the  diagram  shown  in  Fig.  8. 


Reset  Button 


PROTECTIVE  PANEL 


CONTACTOR   PANEL  FOR    PUSHER   RAM 

Series  Field 
iWWh; 


Ka>-^ 


s, 


Series  Fi<5'5 


LEVELER  BAR  CONTROLLER    BRIDGE  CONTROLLER 


CONTKOLLCR 


Fin.    5 — PUSHER,    LEVELER    AND    DOOR    MACHINE    CONTROL 

The  panel  at  the  left  is  used  for  disconnecting  and  protective  purposes.  It  has  an  overload  relay  in  each  .^ide  of  each  motor 
circiiit  connected  to  the  drum  controllers.  The  two  magnetic  contactors  are  used  for  opening  either  side  of  the  line  in  case  any  of  the 
overload  relays  operate.  The  four  small  contactors  on  the  lower  left  hand  side  of  the  diagram  are  used  in  connection  with  the  limit 
switches  for  opening  the  motor  circuits  and  for  interlocking  between  the  controllers.  In  the  upper  right  hand  corner  of  the  diagram 
is  the  main  control  panel  for  the  pusher  ram.  This  consists  of  four  reve  sing  switches,  four  accelerating  switches,  one  line  contactor, 
and  one  interlocking  contactor.  In  addition,  there  are  three  interlocking  contactors  one  for  ea.h  drum  controller.  The  four  inter- 
locking contactors  are  so  arranged  that  only  one  controller  can  be  operated  at  a  time.  The  magnet  contactor  control  is  operated 
from  the  si.x  point  drum  type  master  switch.  The  schematic  diagram  shows  the  main  connections.  The  sequence  table  is  for  the 
pusher  ram  control. 
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for  direct-current  motors  or  slip  ring  motors.     Where  part  of  the  system  stop,  all  of  the  machines  back  of  it 

squirrel-cage  motors  are  used  standard  autostarters  are  are  automatically  stopped  to  prevent  the  loading  up  or 

applied,   such   as   described   in   previous  articles.     The  accumulation  of  material   in  any   part  of   the  system, 

starting  requirements    for    these    rolls    are    sometimes  The  remaining  machiner}^  on  the  deliveiy  end  continues 

quite    severe    and    care    should    be    taken    in    applying  to  operate,  thus  unloading  all  of  the  material  in  that 

squirrel-cage    induction    motors    to    see    that    sufficient  ])art  of  the  conveyor  system.     In  some  plants  a  relay 


startmg  torque  is  available. 


FIG.    6 — COMJil.XEI)     I'USHEK,     LEVELER     AND    DOOR     MACHINE 

Of  the  Maryland  Steel  Company  at  Sparrows  Point,  Maryland. 


The  control  equipment  for  coal  handling  machinery 
is  often  combined  into  one  large  board  located  in  a 
dust-proof  building.  The  master  controllers,  which  are 
usually  push  buttons,  are  located  close  to  the  individual 
motors,  so  that  the  attendant  must  be  close  to  the  mo- 
tor when  it  starts.  This  arrangement  makes  it  neces- 
sary for  the  operator  in  charge  of  starting  the  motors, 
to  walk  the  entire  length  of  different  conveyors  and  in- 


used  for  stopping  the  conveyor  if  the  load  goes  off, 
due  to  the  breakage  of  a  belt,  gear, 
etc.  This  relay  operates  to  open  the 
contact  if  the  load  on  the  motor  falls 
below  a  fixed  value. 

In  some  instances  as  many  as 
twenty  motors  have  been  interlocked 
on  a  system  of  this  kind.  As  a  rule, 
however,  they  are  divided  into  two  or 
more  groups,  each  group  conveying 
the  material  to  a  storage  or  mixer 
bin.  Lights  or  other  signal  devices 
are  used  so  that  when  one  group  of 
conveyor  motors  is  started  up  the  op- 
erator on  the  second  group  is  signaled 
automatically  to  start  up  his  group. 

The  ovens  are  arranged  in  bat- 
teries and  are  opened  at  both  ends. 
Each  oven  is  about  i8  inches  wide  by 
lo  feet  high  and  40  feet  long  and  has 
a  capacity  of  from  11  to  16  net 
tons  of  pulverized  coal.  Coal  is  charged  into 
the  ovens  by  a  larry  car  having  four  hoppers.  This 
car  conveys  the  coal  from  the  storage  above  the  ovens 
to  the  ovens  themselves.  These  cars  are  generally  op- 
erated by  direct-current  motors  with  the  ordinary  rheo- 
static  reversing  drum  controllers.  The  current  is  col- 
lected and  returned  to  the  line  from  two  collector  shoes 
operating  on  collector  bars  at  the  side  of  the  track. 


FIG.  7- 


-END    OF    OVEN     UATTERY    SHOWING    LARKY    CAR,    QUENCHING    CAR    AND    I'USHER    M.^CIIINE 

Of   the   Lehigh   Coke   Company,    South    Bethlehem,   Pa. 


spect  them  together  with  the  driving  machinery  before 
starting  the  motors.  Safety  stop  buttons  are  located 
at  convenient  intervals  along  the  entire  length  of  the 
conveyor  galleries  so  that  the  machinery  can  be  stopped 
if  anything  goes  wrong  or  an  accident  should  occur. 
The  coal  handling  control  is  so  interlocked  that  the  ma- 
chine at  the  delivery  end  of  the  system  must  be  started 
first  and  the  other  machines  in  their  order  up  to  the 
receiving  end  of  the  system.     Should  a  machine  in  any 


A  door  machine  is  provided  on  each  side  of  the 
oven.  On  one  side  this  door  machine  is  combined  with 
a  leveling  bar  and  pushing  machine,  as  shown  in  Fig. 
6.  On  the  other  side  of  the  oven  the  door  machine  is 
combined  with  a  coke  guide  through  which  the  coke  is 
forced  from  the  oven  into  the  quenching  car.  This 
arrangement  is  shown  in  Figs.  7  and  10. 

After  an  oven  has  been  emptied,  the  doors  at  each 
end  of  the  oven  are  placed  in  position  by  the  door  ma- 
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chines  and  then  sealed  with  clay  to  make  them  air-tight,  conveyors  by  a  rotary  feeder  and  conveyed  to  a  screen 
A  small  opening  ,s  provided  in  the  top  of  one  of  the  which  separates  the  coke  from  the  coke  breeze  or  dust 
doors  for  the  levehng  bar  which  levels  off  the  coal  dis-     The   electrical   apparatus    which    operates   the    feeding 

conveyor  and  screen  is  subject  to  a  great  deal  of  coke 
dust  and  must  be  carefully  protected.  The  control  ap- 
paratus is  usually  the  ordinary  rheostatic  type;  either 
alternating-current  or  direct-current  motors  may  be 
used,  the  latter  being  preferable  on  account  of  having 
fewer  moving  parts. 

The  gas  and  fumes  which  are  distilled  from  the 
coal  during  the  formation  of  coke  are  conveyed  to  vari- 
ous tanks  and  stills  where  the  byproducts  are  separated 
and  refined.  The  electrical  apparatus  for  this  part  of 
the  equipment  has  no  unusual  features.  During  the 
heating  process  when  the  coal  is  changed  to  coke,  in 
a  well  known  type  of  oven,  the  direction  of  the  gas 
di rough  the  ovens  and  flues  is  changed  about  every 
thirty  minutes.  This  change  is  usually  taken  care  of 
by  clock-work  which  operates  the  motors  that  change 
the  dampers. 

Alternating-current  motors  are  preferable  for  all 
conveyors,  crushers,  damper  regulators  and  screens. 
These  motors  have  fewer  moving  parts  than  a  direct- 
current  motor  and  are  less  likely  to  be  affected  b}-  the 
dust.  Direct-current  motors  are  preferable  for  trac- 
tion purposes,  also  for  the  pusher,  lexeler  and  door  ma- 
chine, and  for  the  unloading  machines,  either  a  car 
dumper  or  a  hoist.  All  of  the  motors  and  controllers 
in  a  coke  plant  are  subject  to  a  great  deal  of  dust  and 
fumes.  Special  treatment  should  be  given  the  exposed 
windings  and  motors  and  in  some  cases,  artificial  ven- 
tilation is  provided  so  that  clean  air  can  be  taken  from 
the  outside  and  passed  through  the  electrical  apparatus. 


FIG.    9 COKE    QUENCHING    STATICS    OF    THE    LEHIGH    COKE 

COMPANY,    SOUTH     liETHLEHEM,    FA. 

charged  into  the  o\en  by  the  larry  car.     After  the  oven 
has  been  completely  charged  this  small  opening  is  closed 
and  sealed.     The  coking  process  requires   from   14  to 
22  hours.     When  the  coke  is  ready  for  removal  from 
the  oven  the  door  on  the  one  side  is  removed,  the  coke 
guide  is  placed  opposite  the  opening  and  the  quench- 
ing car  is  placed  opposite  the  coke  guide.     The  pushing 
bar  is  inserted  from  the  opposite  side 
and  the  coke  forced  out  through  the 
chute  into  the  quenching  car.      This 
is  shown  in  Figs.  6,  7  and  10. 

The  control  for  the  combined 
pusher,  leveler,  and  door  machine  is 
shown  in  Fig.  5.  The  various  opera- 
tions are  often  interlocked  to  insure 
safety  in  handling  the  coke  and  in  the 
movement  of  the  machine.  The  con- 
trollers are  of  the  usual  rheostatic  re- 
versing type.  Both  drum  controllers 
and  magnetic  contactor  panels  are 
used,  depending  upon  the  size  of  the 
motor  and  the  work  to  be  done. 
Limit  switches  are  provided  to  pre- 
vent over-travel  for  the  machines 
which  have  positive  limits  of  travel. 
The  quenching  car  is  moved  by  a  20 
ton  electric  locomotive  which  takes  it 
to  the  quenching  station  where  water  is  dicharged  on 
the  coke  in  the  car  to  reduce  its  temperature  so  that  it 
can  be  handled  readily.  Fig.  9  shows  a  load  of  coke 
being  quenched  at  the  quenching  station. 

The  locomotive  then  conveys  the  coke  to  the  coke 
vvharf  Fig.  10  where  the  coke  is  discharged  and  allowed 


FIG.     10 — COKE    WHARF    AXl)    COKE    nLK.\eHI.N(,    LAK- 

Of   the   Lehigh   Coke   Company,    South    Bethlehem,   Pa. 


Little  or  no  speed  variation  is  required  on  a  good  deal 
of  the  apparatus.  Where  speed  regulation  is  required, 
direct-current  motors  are  recommended.  An  impor- 
tant feature  in  the  control  equipment  is  the  proper  in- 
terlocking of  groups  of  controllers  to  prevent  accident. 
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Tivo  lilstory  of  Indicating  Meiors 

Chas.  R.  Riker 


SCIENCE  is  measurement"  said  Sir  John  Her- 
schel;  and  the  history  of  electricity  bears  out  his 
definition.  The  surpassingly  rapid  growth  of 
the  electrical  industry  is  without  doubt  due  to  the  fact 
that  electrical  and  magnetic  effects  can  be  measured 
more  accurately  than  can  those  of  other  forms  of  en- 
ergy. 

The  original  type  of  voltage  indicating  instrument 
was  probably  some  form  of  electroscope  for  indicating 
the  presence  of  static  electricity.  Franklin  and  other 
early  experimenters  were  familiar  with  this  general 
type  of  instrument.  From  this  it  was  an  easy  step  to 
some  form  of  electrometer  for  comparing  charges ;  a 


FIG.    I— WESTERN    UNION    STANDARD    TANGENT    GALVANOMETER 

As  exhibited  at  the  International   Electrical   Exhibition  in 
Philadelphia,  1884. 

third  and  more  radical  step  being  the  change  to  that 
type  of  instrument  which  would  measure  absolute 
values— in  other  words,  the  static  voltmeter.  This  lat- 
ter step  was,  however,  delayed  until  after  the  dis- 
coveries of  Volta  and  Faraday  paved  the  way  to  the  use 
of  dynamic  electricity. 

Similarly  the  initial  current  indicating  instrument 
was  undoubtedly  the  magnetic  needle  with  which 
Oersted  in  1820  first  demonstrated  the  effect  of  a 
voltaic  current  in  a  wire  upon  the  magnetic  needle  and 
with  which  Ampere  a  few  months  later  demonstrated 
the  direction  and  magnitude  of  this  effect.  From  these 
early  experiments  it  was  an  easy  step  to  wind  several 


turns  of  the  wire  into  a  coil  to  increase  the  effect  of  the 
current,  leading  to  the  development  of  the  various 
forms  of  sine  and  tangent  galvanometers,  which  were 
the  only  current  measuring  instruments  known  to  early 
experimenters.  A  tangent  galvanometer,  which  was 
exhibited  at  the  International  Electrical  Exhibition  at 
Philadelphia  in  1884  as  one  of  the  most  improved  forms 
of  measurement  is  shown  in  Fig.  i.  The  scale  of  the 
galvanometer  was  marked  in  degrees,  so  that  a  calibra- 
tion table  or  curve  was  necessary.  The  most  accurate 
method  of  calibrating  the  galvanometer  at  that  time  was 
by  the  use  of  the  silver  or  copper  voltameter,  the  cur- 
rent being  maintained  at  a  constant  value  for  an  hour 
or  more  and  the  deposit  on  an  electrode  carefully 
weighed.  From  this  weight  the  current  value  for  any 
particular  reading  of  the  instrument  could  be  calcu- 
lated. 

The  great  defect  of  the  tangent  galvanometer  was 
its  weak  field  and  its  susceptibility  to  stray  magnetic 
fields.  The  logical  development 
was  to  produce  an  instrument 
having  an  artificial  field  suffi- 
ciently strong  to  eliminate  the 
effect  of  magnetic  disturbances 
and  in  which  a  relatively  light 
moving  element  would  produce 
positive  indications.  This  im- 
portant step  was  taken  in  the  in- 
strument shown  in  Fig.  2  which 
was  described  by  Deprez  and 
D'Arsonval  in  1882.  From  the 
standpoint  of  later  developments 
this  was  one  of  the  most  in- 
teresting of  the  early  instruments.  It  consisted 
of  a  moving  current  carrying  coil  suspended  by  a  tor- 
sion thread  under  tension  between  the  poles  of  the 
permanent  magnet.  The  torque  produced  by  the  coil  in 
the  strong  magnetic  field  was  much  greater  than  in  pre- 
vious instruments  and  could  be  opposed  by  a  greater  re- 
straining influence. 

By  reason  of  the  fact  that  the  fundamental  princi- 
ples upon  which  most  electric  meters  are  based  vvere 
more  or  less  understood  before  there  was  any  particular 
commercial  demand  for  these  instruments,  the  develop- 
ment of  many  of  the  more  common  types  has  taken 
place  almost  coincidently.  For  the  same  reason  the 
development  of  the  earliest  commercial  forms  of  most 
of  the  different  types  was  coincident  with  the  need  for 
such  instruments — hence  with  the  development  of  the 
central  station,  and  has  occurred  almost  entirely  since 


FIG.  2 — EARLY  d'aRSONVAL 
GALVANOMETER 
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1882,  although  experimental  and  laborator)^  forms  were 
in  use  prior  to  that  date.  It  is  almost  impossible  there- 
fore, to  discuss  these  instruments  in  a  chronological 
order  and  their  history  will  be  treated  rather  by  types. 

d'arsoxval  ixstruments 
It  was  early  recognized  that  the  principle  involved 
in  the  D'Arsonval  galvanometers  was  of  value.     Am- 
meters and  voltmeters  using  permanent  magnets,  and 


FIG.    4 — EARLY    WESTON    D'aRSONVAL   TYPE    VOLTMETER 

having  a  moving  element  restrained  by  springs  and 
mounted  between  pivots,  were  exhibited  at  the  Electrical 
Exhibition  in  1884.  Inside  of  these  meters  there  was  a 
needle  of  soft  iron  in  the  interior  of  a  bobbin  formed  by 
several  turns   of   a  copper   ribbon   insulated   in   lavers. 


A  transition  type  of  instrument,  interesting  because 
of  the  many  auxiliary  features  of  interest  it  included, 
was  described  before  the  Physical  Society  (London)  in 
Jan.  1884  by  Profs.  Ayrton  and  Perry.  This  meter, 
shown  in  Fig.  3,  had  a  direct  reading,  uniform,  double 


FIG.   5- 


-E.-\RLy  D  ARSONVAL  STATION   VOLTMETER  OF  THE   SINGLE 
AIR-GAP   CONSTRUCTION 


scale,  corresponding  to  two  ranges  of  current  or  volt- 
age, and  was  dead  beat.  In  spite  of  its  external  re- 
semblance to  a  modern  meter,  however,  this  was  simply 
a  modified  form  of  sine  galvanometer  in  which  the 
earth's  field  was  replaced  by  that  of  the  permanent  mag- 
nets, the  polarized  needle  being  swung  from  its  normal 
position  in  the  controlling  field  by  the  action  of  the  de- 
flecting field  set  up  at  right  angles  to  the  con- 
trolling field  by  the  current  to  be  measured. 
The  uniform  scale  was  obtained  by  careful  pro- 


FIG,    4 — EARLY     WESTON    d"aRS()NVAL    TVl'E     VOLTMETER 

The  needle  was  mounted  on  an  axis  and  swung  between 
the  poles  of  a  permanent  c-shaped  magnet.  The  coil 
was  placed  obliquely  between  the  two  poles.  "Re- 
ductors"  were  provided  for  use  with  both  the  ammeter 
and  the  voltmeter,  consisting  of  shunts  and  series  re- 
sistors. 


FIG.    6 — PORTAKI^    type    SINGLE   AIR-GAP 
WESTINGIIOUSE  d'aRSONVAL  VOLTMETER 

portioning  of  the  pole  pieces.  Calibration  and  correc- 
tion for  changing  strength  of  the  permanent  magnets 
was  affected  by  screwing  in  or  out  the  soft  iron  cores 
inside  the  deflecting  field  coils.  A  10:1  scale  ratio  was 
produced  by  series-parallel  connection  of  the  windings. 
Ammeters,  voltmeters  and  direct-reading  ohmmeters  of 
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this  type  were  manufactured.  Although  a  marked  im- 
provement over  earlier  meters,  this  type  had  two  serious 
defects.  It  was  not,  especially  when  new,  permanent  in 
its  calibration;  and  a  serious  heating  error  was  intro- 
duced when  it  was  kept  in  the  circuit  for  even  a  short 
time. 

Both  of  these  defects  were  overcome  and  other 
improvements  were  made  in  the  D'Arsonval  type  of 
instruments  by  Mr.  Edward  A.  Weston,  who  in  1888 
patented  the  type  of  meter  shown  in  Fig.  4,  which  for 
many  years  was  considered  as  practically  the  standard 
direct-current  meter  in  this  country.  These  were 
among  the  first  instruments  built  in  this  country  as 
practically  all  indicating  meters  had,  up  to  this  time, 
been  imported  or  manufactured  under  European  li- 
censes.    Probably  the  greatest  advance  which  shonld  be 


FIG.    7— C.\RDEW    HOT    WIRE   VOLTMETER 

credited  to  Dr.  Weston  was  careful  ageing  of  perman- 
ent magnets  before  the  meters  were  manufactured,  so 
that  their  calibration  remained  constant  for  long  periods 
of  time.  Of  no  less  importance  was  the  development 
of  instruments  which  could  be  connected  permanently 
in  a  circuit  without  having  their  indications  thrown  off 
by  the  heating  of  the  windings.  This  was  accomplished 
by  making  an  instrument  having  exceedingly  small 
losses  but  nevertheless  of  extreme  sensibility.  Both  the 
ammeter  and  voltmeter  were  of  the  same  type,  each  be- 
ing a  very  sensitive  miUivoltmeter  which  has  shunted 
across  a  fixed  resistance  in  the  case  of  the  ammeter  and 
vvas  placed  m  series  with  a  high  resistance  in  the  case 
of  the  voltmeter.  Another  valuable  feature  of  this  in- 
strument was  its  dead  beat  characteristic,  which  was 
produced  by  having  the  moving  coil  mounted  on  a  soft 
iron  armature  between  the  pole  pieces  of  the  permanent 


magnets,  so  that  eddy  currents,  induced  by  the  rotation 
of  the  armature,  promptly  damped  out  any  oscilliations. 
In  the  initial  form  of  this  instrument,  the  moving  coil 
was  completely  enclosed  in  an  electro-deposited  coat- 
ing of  copper  in  which  the  damping  currents  circulated. 
This  was  later  replaced  by  a  metallic  bobbin  on  which 
the  coils  were  wound.  The  mirror  under  the  needle,  to 
avoid  parallax  errors,  was  another  valuable  feature  of 
these  instruments. 

A  further  development  of  the  D'Arsonval  princi- 
ple is  that  shown  diagramatically  in  Fig.  5  which  was 
patented  by  Mr.  Shallenberger  in  1897  with  the  idea  of 
obtaining  a  longer  range  of  scale  than  could  be  obtained 
in  previous  types.  The  principal  improvements  com- 
prised in  this  instrument  were  its  single  air-gap  and  the 
arrangement  of  the  parts  so  that  the  mechanism  could 
be  taken  apart  for  inspection  or  repairs,  without  chang- 
ing the  magnetic  circuit  and  hence  without  affecting  the 
calibration.  In  this  meter,  the  flux  in  the  air-gap  was 
at  right  angles  to  the  plane  of  the  flux  in  the  permanent 
magnets,  and  the  pole  pieces  consisted  of  two  concen- 
tric circles,  one  of  which  was  surrounded  by  a  coil  on  a 
very  light  frame  and  the  other  by  a  damping  coil,  so 
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FIG.    8 — HARTMAKN    &    BRAUN    HOT    WIRE    VOLTMETER 

that  current  through  the  coil  caused  the  frame  to  ro- 
tate through  a  uniform  flux  over  an  angle  of  approxi- 
mately 270  degrees.  The  moving  element  and  pole 
pieces  were  surrounded  by  a  soft  iron  shield  to  elimin- 
ate the  effects  of  stray  fields  and  to  increase  the  uni- 
formity of  the  field.  This  form  of  meter  was  not  ex- 
tensively used,  being  replaced  by  a  type  of  meter  de- 
veloped by  Messrs.  Davis  &  Conrad  having  the  same 
general  form  of  air-gap,  but  with  the  pole  pieces  cover- 
ing only  a  semi-circle,  only  a  single  coil  being  used 
which  was  wound  on  a  damper  frame.  A  still  later 
form  of  this  same  general  type  of  meter  is  shown  in 
Fig.  6.  The  moving  coil  is  pivoted  on  one  side  so  that 
the  coil  balances  the  weight  of  the  pointer,  and  this,  by 
making  balance  weights  unnecessary,  results  in  a  very 
light  moving  element.  The  single  air-gap  can  be  made 
larger  than  where  two  air-gaps  are  used  and  is  there- 
fore more  easily  kept  free  from  iron  dust  or  filings. 
The  entire  magnetic  circuit  can  be  magnetized  and  put 
through  the  ageing  process  as  a  unit. 

HOT-WIRE   INSTRUMENTS 

Among   the   earliest   measuring   instruments   were 
those  depending  upon  the  thermal  effects  produced  by 
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an  electric  current.  The  earliest  commercially  success- 
ful instrument  of  this  type  was  developed  by  Professor 
Cardew.  It  consisted  of  a  platinum  silver  wire  which 
ran  twice  from  end  to  end  of  a  yard  long  brass  tube 
passing  over  insulated  rollers  at  each  end  as  shown  in 
Fig.  7.     Both  extremities  of  the  wire  and  the  pulleys  at 


FIG.   9 — EARLY    RLECTROSTATIC   VOLTMETtk 

the  ends  of  the  tube  were  fixed,  the  pulley  at  the  center 
of  the  wire  being  free  to  slide.  The  wire  was  kept 
taut  by  a  spring  attached  to  the  sliding  pulley  by  a  wire 
which  passed  around  a  drum  to  which  the  needle  was 
geared.  This  gearing  greatly  amplified  the  motion  due 
to  the  expansion  of  the  wire,  which  was  slight.  A 
spiral  spring  attached  to  the  pointer  took  up  all  back 
lash.  The  tube  was  made  partly  of  iron  and  partly  of 
brass,  proportioned  so  that  the  coefficient  of  expansion 
was  equal  to  that  of  the  wire ;  hence,  so  long  as  both 
were  of  the  same  temperature,  the  readings  were  inde- 
pendent of  external  variations.  The  objections  to  this 
instrument  were  its  cumbersome  size,  the  time  required 
for  it  to  attain  a  constant  reading  and  its  large  power 


FIG.    10 — CONDENSER    TERMINAL    TYPE    ELECTROSTATIC    VOLTMETER 


consumption  (approximately  one-half  ampere  for  a 
voltmeter).  The  earlier  form  of  the  instrument  was 
provided  with  a  uniform  scale  in  degrees  and  a  calibra- 
tion table  was  supplied  with  the  instrument,  but  in  the 
later  forms  the  scale  was  direct  reading  in  volts  and 
amperes. 


To  avoid  the  long  tube  of  the  Cardew  type,  various 
modified  schemes  were  used,  the  most  successful  being 
that  by  Ayrton  and  Perry  and  by  Hartman  and  Braun 
shown  in  Fig.  8.  The  needle  of  the  Ayrton  &  Perry 
voltmeter  was  damped  by  means  of  a  number  of  fine 
hairs  brushing  on  the  dial.  Another  type  of  hot-wire 
instrument  devised  by  Professor  Perry,  consisted  of  a 
strip  of  platinum-silver  which  had  been  fixed  at  both 
ends,  heated  and  twisted  in  the  middle  until  it  acquired 
a  permanent  set.  The  characteristics  of  such  a  double 
twisted  strip  are  that  when  placed  in  tension  the  center 
rotates.  A  pointer  was  placed  in  the  middle  and  ten- 
sion permanently  applied  sufiicient  to  give  one  complete 
revolution  of  the  pointer.  The  current  was  passed 
through  the  strip  and  as  its  temperature  increased,  the 
strip  expanded,  releasing  the  torsion  and  thereby  caus- 
ing a  motion  of  the  needle. 


FIG.    II — DYNAMOMETER    TYPE    AMMETER 

Instruments  of  the  hot-wire  type  are  used  at  pres- 
ent only  for  the  measurement  of  high  frequency  cur- 
rents., such  for  instance,  as  occur  in  wireless  telegraphy. 

ELECTROSTATIC  VOLTMETERS 

As  previously  stated  the  electrostatic  voltmeter 
was  a  logical  development  from  the  earlier  forms  of 
electroscopes.  One  of  the  earliest  forms  was  Thomson's 
(Lord  Kelvin's)  quadrant  electrometer,  which  was 
limited  to  laboratory  use  by  the  delicacy  of  its  silk 
fiber  suspension.  This  form  of  instrument  was  com- 
mercialized later  by  several  firms.  A  static  voltmeter 
which  was  developed  by  Prof.  Thomson  before  1885, 
and  which  is  still  on  the  market  in  essentially  the  same 
form,  consisted  of  two  movable  plates  placed  between 
four  stationary  plates,  as  shown  in  Fig.  9,  in  such  a 
manner  that  an  attraction  between  the  movable  and  sta- 
tionar}'  plates  tended  to  move  the  former  about  the  axis 
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upon  which  they  were  pivoted.  Various  other  forms 
of  condenser  plates  have  also  been  used.  Owing  to  the 
weakness  of  the  attraction  between  the  electrometer 
plates,  the  electrostatic  voltmeter  was  suitable  only  for 
the  higher  voltages ;  and  although  Thomson  developed  a 
voltmeter  having  a  range  of  40  to  100  volts  by  mount- 
ing a  number  of  quadrants  and  vanes  above  each  other, 
since  the  development  of  other  accurate  and  inexpen- 
sive means  of  measuring  voltage,  the  electrostatic  volt- 
meter has  been  used  only  for  the  higher  voltages,  and 
for  those  direct-current  circuits  in  which  the  entire  ab- 
sence of  current  is  of  value.  One  of  the  most  practical 
of  the  more  recent  instruments  was  developed  by  Mr. 
S.  M.  Kintner.  This  instrument  could  be  used  with  a 
maximum  scale  reading  of  100  000,  50000  or  25000 
volts,  by  keeping  two  condensers  in  series  with  the  in- 
strument or  by  short-circuiting  one  or  both  of  them. 
The  moving  element  was  immersed  in  oil  which  served 
also  as  insulation  between  the  stationary  elements.  The 
oil  permitted  much  smaller  separation  than  in  air  and 


FIG.    12— WESTON    DYNAMOMETER    VOLTMETER 

hence  the  actuating  forces  were  increased  greatly  and 
the  overall  dimensions  of  the  instruments  considerably 
decreased.  The  oil  also  acted  as  a  damper,  making  the 
instrument  nearly  dead  beat,  and  also  buoyed  up  the 
moving  element,  practically  removing  all  weight  from 
the  bearings.  In  a  later  form  of  this  instrument,  in- 
troduced in  1910,  the  condensers  were  replaced  by  a 
section  of  a  condenser-type  terminal,  as  shown  in  Fig. 
10.  In  this  type  of  instrument,  any  maximum  voltage 
for  which  the  condenser-type  terminal  can  be  built  can 
be  measured  directly. 

ELECTRODYNAMOMETER    INSTRUMENTS 

The  principle  of  electromagnetic  induction  which 
produced  the  first  electrodynamic  generators  resulted 
also  m  the  dynamometer  type  of  current  measuring  in- 
struments, which  were  introduced  into  this  country  by 
Siemens  and  Halske  Company.  These  instrument^ 
shown  m  Fig.  11,  are  built  on  the  same  principle  as  a 
direct-current  series  motor  without  iron  in  the  magnetic 


field;  that  is,  the  flux  set  up  by  the  fixed  magnet  coil 
caused  a  movable  coil  carrying  the  same  current  to  tend 
to  move,  this  tendency  being  restrained  by  a  spring. 
The  movable  coil  was  suspended  from  a  pivot,  and  the 
lower  ends  dipped  into  cups  of  mercury  which  served  to 
convey  the  current  without  friction.     Attached  to  the 


FIG.    13 — WESTINGHOUSE    DyN.\MOMETER    VOLTMETER    MOVEMENT 

movable  coil  was  a  pointer  which  was  kept  at  zero  by 
twisting  a  knob  attached  at  the  other  end  of  the  spring. 
The  position  of  the  indicating  needle  attached  to  this 
knob  on  the  dial  served  as  a  measure  of  the  current 
The  scale  was  graduated  in  degrees  so  that  a  calibra- 
tion table  or  curve  was  required  for  each  instrument, 
the  same  as  with  the  tangent  galvanometers,  the  de- 
flection being  proportional  to  the  square  of  the  current. 
By  winding  both  strips  of  coils  with  very  fine  wire  this 
instrument  could  be  used  as  a  voltmeter;  or  by  wind- 
ing one  coil  with  fine  wire  and  the  other  with  coarse 
wire  it  could  be  used  as  a  wattmeter. 

The  same  principle  of  operation  was  later  em- 
bodied by  the  Whitney  Company  in  greatly  improved 
mechanical  form  and  with  a  direct-reading  scale,  in  the 
well-known  line  of  Hoyt  instruments.  In  these  instru- 
ments the  moving  coil  was  suspended  between  pivots 
and  the  current  was  carried  to  the  moving  elements 
through  the  springs. 

Another  development  of  this  same  principle  pro- 
duced a  direct-reading  instead  of  a  null  scale;  that  is, 
instead  of  adjusting  the  spring  to  maintain  the  moving 
coil  in  the  stationary  position,  the  coil  carrying  with  it 
a  pointer,  until  the  magnetic  torque  was  balanced  with 
that  of  the  spring.  This  type  of  instrument  was  com- 
mercialized in  many  different  forms,  among  the  more 


FIG.    14 — KELV1.\    BALANCE 

prominent  of  which  were  the  Weston  voltmeter,  and 
wattmeter  shown  in  Fig.  12,  the  Thomson  in- 
clined coil  voltmeters,  and  wattmeters,  and  the  West- 
inghouse  instruments  of  the  general  type  shown  in  Fig. 
13.  In  all  instruments  of  this  kind,  the  scale 
deflection   is   proportional   to   the  product  of   the   cur- 
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rents  in  the  two  coils  as  long  as  the  angle  between 
the  coils  is  small.  In  a  wattmeter  this  produces  an 
approximately  uniform  scale,  but  in  a  voltmeter  or  am- 
meter the  needle  deflection  is  normally  proportional  to 
the  square  of  the  current.  If  the  angle  of  movement 
between  the  coils  is  appreciable  this  relation  between 
current  and  deflection  is  changed.  By  suitably  locating 
the  coil,  or  by  inclining  the  coil  as  in  the  Thomson  in- 
struments, an  approximately  uniform  scale  was  pro- 
duced over  the  effective  range.  All  of  these  dynamo- 
meter type  instruments  are  equally  accurate  on  direct 
and   alternating  current,   provided   there   are  no   stray 


by  the  upper  stationary  coil  on  one  side  of  the  balance 
and  repelled  by  the  lower  coil  and  attracted  by  the  upper 
stationary  coil  on  the  other  side.  Weights  are  added  to 
one  side  of  the  moving  element,  a  balance  arm  and  rider 
being  provided  for  finer  adjustments.  The  weight  re- 
quired to  balance  the  moving  element  was  proportional 
to  the  square  of  the  current. 

A  more  recent  application  of  the  same  principle  is 


FIG.    15 — ZERO    READING    KELVIN    BALANCE    TYPE   OF    PORTABLE 
AMMETER,    VOLTMETER   OR   WATTMETER 

magnetic  fields  or  provided  two  readings  are  taken  on 
direct  current  with  reversed  connections  to  eliminate 
the  effects  of  stray  fields. 

Current  Balance — One  of  the  most  accurate  of  the 
earlier  dynamometer  instruments  was  the  Kelvin  cur- 
rent balance  shown  in  Fig.  14.  This  has  a  movable  coil 
located  between  two  stationary  coils  on  each  end  of  a 
balance  pivoted  at  the  middle,  the  relation  of  current 
flow  in  the  various  coils  being  such  that  the  movable 
coil  is  attracted  by  the  lower  stationary  coil  and  repelled 


FIG.    16 — DIAL    PLATE    OF    WESTINGHOUSE    PRECISION    AMMETER, 
VOLTMETER   OR    WATTMETER 

shown  in  Fig.  15  which  shows  a  null-reading  instrument 
operated  in  the  same  way  as  the  early  dynamometers 
and  Hoyt  instruments,  but  securing  much  greater  ac- 
curacy by  having  the  coils  arranged  the  same  way  as 
in  the  Kelvin  current  balance.  For  convenience  in 
mounting,  the  coils  are  arranged  in  a  vertical  plane  and 
their  action  is  restrained  by  a  spring.  This  type  of  in- 
strument gives  a  long  range  of  scale  readings  as  shown 
in  Fig.  16,  and  is  provided  with  a  vernier  for  increased 
accuracy.  {To  be  Continued) 
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IN  THE  following  analysis  certain  assumptions  have 
been  made  regarding  the  cost  of  power,  cost  of 
transformers  and  conditions  of  load,  which  may 
not  conform  exactly  to  the  conditions  for  any  particu- 
lar case.  Such  costs  are  subject  to  considerable  vari- 
ation from  time  to  time  and  the  values  used  in  the  ex- 
amples given,  are  the  ones  prevailing  when  this  article 
was  written. 

COST  OF  ELECTRICAL  ENERGY 

The   cost   of  making  electrical   energy   is   usually 

thought  of  as  being  made  up  of  two  main  elements : — 

I — Production  cost. 
2 — Fixed  charge. 

The  items  making  up  the  total  production  cost  are 

those  which  varj'  with  the  amount  of  energy  produced, 


such  as  fuel,  lubricants,  water,  etc.  The  items  making 
up  the  total  fixed  charge  are  those  which  are  practically 
independent  of  the  total  energ}'  produced,  such  as  the 
investment  and  administration  charges.  The  invest- 
ment charge  is  made  up  of  interest,  taxes,  insurance 
and  depreciation  on  the  power  station  and  distributing 
system  of  sufficient  capacity  to  supply  the  maximum  de- 
mand of  the  total  connected  load. 

The  investment  charge  equals  the  rate  of  annual 
charge  times  the  total  cost  of  the  equipment.  The 
rate  of  annual  charge  is  usually  made  up  as  follov/s: 

5.0  percent  for  interest. 
1.5  percent  for  taxes. 
I.S  percent  for  insurance. 
3.0  percent  for  amortization. 
Or  a  total  of  11  percent. 
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The  administration  cost  is  for  the  salaries  of  offi- 
cials and  for  office  expenses  in  general. 

The  production  cost  is  usually  specified  in  cents 
per  kilowatt-hour.  It  is  more  convenient  to  use  this 
cost  in  dollars  per  watt  year  in  the  following  calcula- 
tions. To  reduce  cents  per  kw-hr.  to  dollars  per  watt 
year,  multiply  by  (24  X  365)  -^  10'  or  0.0876. 

EFFECT  OF  LOAD  FACTOR  ON  PRODUCTION  COST  AND 
FIXED    CHARGE 

A  typical  d.-vily  load  curve  for  a  distributing  trans- 
former is  shown  in  Fig.  i,  from  which  it  is  evident 
that  the  load  factor  is  far  from  100  percent.  The  pro- 
duction cost  varies  slightly,  and  the  fixed  charge  to  a 
considerable  extent,  with  the  load  factor.  A  low  load 
factor  involves  the  use  of  a  relatively  large  amount  of 
equipment  operating  at  light  and  inefficient  loads.  With 
a  high  load  factor  all  the  elements  that  enter  into  the 


-120 
-110 
-100 
—90 

n 

1 
£-70 

|.6C 

z 

|40 

0) 

Q. 
—30 

I 

2 

y 

-10 

0 

.-' 

"N 

y 

^^ 

"  f  ■ 

( 

8        10      12       2        4         6        8        10 

1  TlmJ  on  riourj           1          1           1           1 

FIG.    I — TYPICAL  DAILY   LOAD  CURVE  ON  A  FIVE  K.V.A.  TRANSFORMER 

This  load  curve  corresponds  to  the  generally  accepted 
understanding  that  the  performance  characteristics  of  distri- 
buting transformers  should  be  based  on  a  load  condition  of 
four  hours  at  full  load  and  twenty  hours  at  no  load.  This 
gives  a  loss  factor  (mean  square  ordinate)  of  4  -f-  24  =  0.167. 
Load  factor  of  this  curve  =  0.24. 

production  of  power  are  operating  at  maximum 
economy,  and  the  cost  of  power  is  a  minimum.  An 
exact  definition  of  the  24  hour  load  factor  for  a  period 
of  one  hour's  maximum  load  is  the  ratio  of  the  actual 
net  output  during  that  period  to  the  product  of  the 
maximum  hour  output  by  the  total  numbers  of  hours  in 
the  period.  Thus  the  daily  load  factor  on  this  basis, 
is, — 

Actual  net  output  for  day  of  24  hours 
Net  maximum  hour's  load  X  24 

Or,  expressed  in  another  way,  the  load  factor  is 
the  average  daily  use  of  the  maximum  demand,  ex- 
pressed as  a  percentage  of  24  hours.  The  maximum 
demand  is  the  maximum  power  taken,  and  may  be  based 
upon  an  instantaneous  peak  or  cover  a  specified  time. 

Production  cost  has  been  found  to  vary  approxi- 


Load  Factor  : 


mately  as  the  fourth  root  of  the  load  factor.*     Or  the 
production  cost  at  a  given  load  factor  is, — 

p  ij — /  p-  /  ■)   •  where  p  is  the  production  cost  at  unity 

load  factor. 

Example    I — If   the   productio'n   cost   from   Table   I    for  a 

5000  k\v  plant  is  0.347  cents  per  kw-hr.   for   100  percent  load 

factor,  what  is  the  production  cost  for  a  24  percent  load  factor 

as  shown  by  the  curve  in  Fig.  I  ? 

/    /    \^ 
Production  cost  =  o-jyz  I  TT, )     ^^  0.5  cents  per  kw-hr. 

Since  the  load  factor  is  the  ratio  of  the  average 
daily  hours  output  to  the  maximum  hours  demand,  a 
low  load  factor  will  require  a  large  system  to  supply 
the  maximum  demand.  For  example,  a  system  which 
delivers  a  certain  amount  of  energy  during  a  24  hour 
period  with  a  25  percent  load  factor,  must  be  some- 
thing less  than  four  times  the  size  of  another  system 
which  supplies  the  same  total  energy  in  the  same  period 
with  a  100  percent  load  factor.  In  the  latter  case  the 
system  will  be  less  than  four  times  the  size  in  the 
former  case,  because  with  a  low  load  factor  the  maxi- 
mum demand  exists  only  for  a  short  time,  for  which 
the  natural  overload  capacity  of  the  system  may  be 
utilized.     Assuming   that   the    overload   capacity   of    a 
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POWER  GENERATION 
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0.148 

0.780 

1000 

0.364 

0.094 

0.019 

0.021 

0.498 

0.124 

0.622 

2000 

0.328 

0.073 

0.015 

0.018 

0.434 

0.107 

0.541 

3000 

0.304 

0.065 

0.013 

0.016 

0.398 

0.095 

0.493 

4000 

0.289 

0.058 

0.011 

0.014 

0.372 

0.086 

0.458 

5000 

0.271 

0.053 

0.010 

0.013 

0.347 

0.080 

0.428 

Station  for  short  periods  is  25  percent,  the  normal  ca- 
pacity with  a  25  percent  load  factor  may  be  taken  as 

or  3.2  times  die  capacity  of  the  system 


0.2s  I.2S 

which  operates  with  a  100  percent  load  factor.     In  the 

following  examples  it  is  assumed  that  the  fixed  charge 

varies  as  the  cost  of  the  station  which  in  turn  depends 

en  the  load  factor  as  indicated  above. 

Example  2 — If  the  fixed  charge  is  0.08  cents  per  k\v-hr. 
for  a  100  percent  load  factor,  what  is  the  proper  fixed  charge 
for  a  24  percent  load  factor? 

/  / 

Fixed  charge  —  o.oS  X  -^  X  J-—  =  O.27  cents  per  kw-hr. 

This  assumes  that  the  cost  of  the  larger  system  is 
the  same  per  kw  output  as  for  the  smaller  one,  and 
that  the  administration  charge  varies  in  the  same  way 
as  the  investment  charge.  Neither  of  these  assump- 
tions is  strictly  correct. 

YEARLY   COST  OF  TRANSFORMER   LOSSES 

The  total  yearly  cost  of  the  losses  for  a  trans- 
former, operated  on  the  daily  load  curve  shown  in  Fig. 
I,  will  be, — 


*See  "Standardization  of  Methods  for  Determining  and 
Comparing  Power  Costs  in  Steam  Plants,"  by  Messrs.  H.  G. 
Stott  and  W.  S.  Gorsuch,  Proc.  A.  I.  E.  E.,  Vol.  XXXII,  p. 
1099. 

♦From  "Typical  Electric  Power  Costs"  by  Mr.  M.  C.  Mc- 
Neil in  the  Journal  for  March  1914,  p.  135. 


278 


THE    ELECTRIC    JOURNAL 


Dollars  per  year  =  /'(Li+  F  L^)  +  d{  Li  +  L^) (/) 

Where  p  is  the  production  charge  in  dollars  per 
watt  year,  (/  the  total  fixed  charge  including  the  invest- 
ment and  administration  charges,  expressed  in  dollars 
per  }-ear  per  watt  of  peak  demand,  L^  the  iron  loss  of 
tlie  transformer  in  watts,  Lc  is  the  copper  loss  at  normal 
rating  and  F  is  the  quantity  which,  multiplied  by  the 
copper  loss  at  normal  load,  gives  the  actual  continu- 
ous loss  over  the  daily  load  curve.  Therefore  F  is  the 
mean  square  of  the  load  curve  when  the  ordinates  of 
the  load  curve  are  expressed  as  percentages  of  normal 
load.  The  first  term  of  equation  (i)  gives  the  total 
charge  per  year  against  the  transformer  on  account  of 
the  actual  energ)-  consumed  by  the  losses.  The  second 
term  gives  the  annual  charge  on  account  of  the  extra 
equipment  which  must  be  provided  to  supply  the  energ}- 
during  the  peak  load  period.  The  cost  of  the  trans- 
former losses  is  figured  in  this  way  because  the  total 
cost  of  power  for  the  entire  station  output  musl  be 
the  sum  of  the  costs  of  the  individual  items  making  up 
the  total  load.  For  convenience  equation  (i)  may  be 
written, — 

Dollars  per  year  =  Li  (p+d)  +  Lc  (pF+d)  (2) 

Example  3— What  is  the  yearly  cost  of  supplying  the 
losses  ot  a  5  k.v.a.  transformer,  on  the  daily  load  curve  shown 
in  Fig.  I,  when  Li  ^  42  and  Lc  =  lOO. 

This  copper  loss  of  100  watts  is  based  on  a  wattmeter 
measurement  at  75  degrees  C.  in  line  with  the  A.  I.  E.  E. 
rules.  The  average  temperature  of  a  distributing  transformer, 
with  a  normal  full-load  temperature  rise  of  55  degrees  C. 
operating  on  the  load  curve  shown  in  Fig.  i,  will  doubtless  be 
something  less  than  75  degrees  C.  and  the  assumption  made  is 
therefore  subject  to  some  slight  criticism  for  this  reason. 
With  a  load  factor  of  24  percent, 

Production  cost  from  Example  I  =  o.S  cents  per  kw-hr. 

Fixed  charge  from  Example  2=  0.27  cents  per  Iczv-lir. 

Since  these  figures  are  based  upon  costs  at  the  central  sta- 
tion, it  will  be  assumed  that  the  costs  of  electrical  energy  de- 
livered to  the  distributing  transformer  is  approximately  25 
percent  greater.     Then, 

Production  cost  =  0.5  X  1.23  =  0.625  cents  per  kiv-hr. 

Fixed  charge  =  0.27  X  1.25  =  O.338  cents  per  kw-hr. 

When  expressed  in  dollars  per  watt-year  these  figures 
become, — 

Production  cost  =  0.625  X  0.0876  =  $0,055  /'<^''  watt-year. 

Fixed  charge  —  0.338  X  0.0876  =  $0.0297  per  watt-year. 

Therefore, — 

P  =  O.OSS 

d  =  0.030 

p-\-d  =  0.085 

pF+d  =  0.039 

Then  from  equation   (2), — 

Dollars  per  year  =  42  X  0.085  -t-  100  X  0.039  =  357  +  3-9 
=  $7-47. 

Of  the  total  cost  of  $7.47  per  year,  $3.57  is  for  the  iron 
loss  and  $3.90  is  for  the  copper  loss. 

COST  OF  TRANSFORMER  EXCITING  CURRENT 

The  transformer  exciting  current  causes  a  copper 
loss  in  the  generating  and  primary  distributing  system, 
which  is  continuous  as  long  as  the  transformer  is  con- 
nected to  the  line.  Since  it  is  continuous  and  a  true 
energy  loss,  this  copper  loss  must  be  placed  in  the  same 
class  as  transformer  iron  loss.  The  loss  varies  with 
the  magnitude  and  power-factor  of  the  load ;  the  greater 
the  load  and  the  lower  the  power-factor,  the  greater 
will  be  the  copper  loss. 

The  exciting  current  is  composed  of  two  parts,  one 
which  magnetizes  the  iron  circuit  and  another  which 


supplies  the  actual  iron  loss.  Since  the  magnetic  flux 
in  the  iron  circuit  of  the  transformer  is  a  maximum 
when  the  impressed  voltage  is  zero,  and  zero  when  the 
impressed  voltage  is  a  maximum,  the  impressed  volt- 
age and  magnetic  flux  are  90  degrees  apart  in  time 
phase  relation.  The  magnetizing  element  of  the  ex- 
citing current,  being  in  phase  with  the  flux,  is  also  at 
right  angles  to  the  impressed  voltage  and  is  therefore 
wattless.  On  the  other  hand  the  eddy  and  hysteresis 
loss  represents  actual  energ}^  loss,  which  appears  as  heat 
in  the  magnetic  circuit.  The  current  which  supplies 
this  loss  is  in  phase  with  the  impressed  voltage  and  is  a 
working  current.  The  total  current  on  the  primary 
side  of  the  transformer  from  Fig.  2,  is, — 

r  1^ 

/  =  I  ^-i.+  "I-  I-^-  -  ^  m  I-^cosi^jSo"  -  ((3  -  9  )  I  I 

Where  H  is  the  primary  load  current  due  to  the 
load  current  on  the  secondary  side,  and  mli.  is  the  ex- 
citing current.  In  this  case  m  is  the  ratio  of  the  excit- 
ing current  of  the  transformer  to  its  normal  full-load 
current.  The  total  line  loss  is  equal  to  the  square  of 
the   current   multiplied  by  the  total   resistance  on  the 


^""•^^^.Cf    ^\.yi^\ 

Magnetizing  Current 
^^Exciting  Current 

Iron  Loss  Current-^ 

FIG.    2 — VECTOR  DIAGR.\M 

Showing  that  the  total  current  in  the  primary  winding  of  a 
transformer  is  made  up  of  the  vector  sum  of  the  iron  loss 
current,  the  magnetizing  current  and  the  load  current. 

primary  side  of  the  transformer,  including  that  of  the 
generator,  distributing  lines  and  other  intervening  ap- 
paratus, such  as  step-up  or  step-down  transformers. 
The  total  distributing  loss  is  therefore, — 

/,,,  =  /:;,.  R  -1-  ,„-■  /2,,  R  -^  2  in  IK  R  cos  {fi-g) 

Where  R  is  the  total  resistance  on  the  primary  side 
of  the  transformer  as  described  above.  If  the  trans- 
former is  operated  only  F  percentage  of  the  24  hours 
at  normal  full-load,  the  total  distributing  loss  be- 
comes,— 

/2,.  RF  -I-  /-L  KF  m  \m  -|-  2  cos  (t^-B)  ] 

The  part  of  this  loss  due  to  the  normal  primary 
v>^orking  current  h  is  A  RF  and  the  part  due  to  the  ex- 
citing current  is  in  FiR  F  [m  -f-  2  cos  (^  -  d).]  Ex- 
pressing F'l-R  in  terms  of  the  power  delivered  in  watts, 

it  may  be  written, — 

r-i,R  =  /ooo  cP 
Where  c  is  the  ratio  of  the  distributing  copper  loss 
to  the  total  k.v.a.  delivered  and  P  is  the  k.v.a.  rating  of 
the  transformer.     The  copper  loss  in  watts  due  to  the 
exciting  current  is  then, — 

La  =  1000  mcPF  \ni  -\-  2  cos  (^-8)  ] 
The  total  output  P  may  represent  the  output  of  any 
number  of  transformers  or  of  a  single  unit.     Express- 
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ing  this  in  terms  of  the  iron  loss  of  the  transformer  as 
100  percent  gives, — 


PcTClIlt  /,,!    = 


1000  i)icPF\  III  +  2  ros  (^-d)] 


is) 


The  angle  {  ^  -d)  is  determined  as  follows  from 
¥\^    2    the  "primary  voltage  of  the  transformer  being 

^ E  U 


■  U) 


inl\..       1000  niP  

and  the  angle  Q  is  the  one  whose  cosine  is  equal  to  the 
power-factor  of  the  load.  The  data  in  Table  II  will 
be  found  useful  in  numerical  calculations. 

Example  4 — Let  the  following  data  refer  to  a  group  of 
transformers  operating  on  a  basis  of  four  hours  at  full  normal 
load  and  20  hours  at  no-load. 

For  the  exciting  current   "'  =^  0.018 

For  the  distributing  copper  loss  c  =  0.12 

Iron   loss    L\   =  42 

Power-factor  of  load  =0.9 

Therefore  since  cos   Q    is  0.9,    g  =  25  degrees,  51  minutes. 

From  equation   (4), — 

''"'  ^  =   woo  X  toiS  X  5    =  "-^^^ 
Therefore  j3  =  62  degrees,  11   minutes. 
Then  cos   ( (3  -  e)  =  0.S05 

From  equation  (3)  the  percent  distributing  loss  now 
becomes, — 

jooo  X  0.0/S  X  0.12  X5  X  o.i6y  (0.0/8  +2  X  o.So^) 
4^ 

That  is,  the  loss  in  the  system  due  to  the  transformer 
exciting  current  is  equal  to  practically  seven  percent  of  the 
iron  loss  of  the  transformers,  or  a  yearly  cost  of  $3.57  X  0.07 
=  $0.25- 

TABLE  II— VALUES  OF  COS  {p-d) 


=  0.0 /O 


(de- 
grees) 

Cos  fl 

Cos  (P-d) 

For  loo-i 

For  90s 

F(ji-So« 

For  7ot 

1-  or  6o« 

P-F 

P-F. 

P-F. 

P-F. 

1        P-F. 

78 

0.208 

0.208 

0.616 

0.755 

0.848 

0.906 

75 

0.259 

0.259 

0.656 

0.788 

0.875 

0.927 

72 

0,309 

0.309 

0.695 

0.819 

0.899 

0.945 

69 

0.358 

0.358 

0.731 

0.848 

0.920 

0.961 

66 

0.407 

0.407 

0.766 

0.875 

0.940 

0.974 

63 

0.454 

0.454 

0.799 

0.899 

0.956 

0.985 

60 

0.500 

0.500 

0.829 

0.920 

0.970 

0.992 

53 

0.603 

0.602 

0.891 

0.961 

0.992 

1.000 

It  is  interesting  to  compare  the  cost  of  the  excit- 
ing current  as  given  in  Example  4,  which  is  four  hours 
at  full  load  and  20  hours  at  no-load,  to  the  cost  for 
continuous  operation  at  full  load.  The  latter  cost  is 
given  in  the  following  example,  with  all  other  condi- 
tions the  same  as  for  Example  No.  4, — 

Example  5 — From  equation  (3)  the  loss  is, — 
JOOO  X  0.0/S  X  ^  X  0./2  X  (0.0/S  +  2  X  o.Soj) 

—  = =   0.,2 

This  gives  a  yearly  cost  of  the  exciting  current  of  $3.57  X  0.42 
=  $1.50. 

COST   OF   TRANSFORMER    REGULATION 

The  current  consumed  by  the  load  on  a  trans- 
former is  proportional  to  the  voltage  delivered.  There- 
fore, since  the  power  consumed  by  the  load  is  propor- 
tional to  the  product  of  the  voltage  and  the  current,  it 
is  proportional  to  the  square  of  the  impressed  voltage. 
If  R  be  the  regulation  of  the  transformer,  the  percent 
of  normal  voltage  delivered  at  full-load  will  be,— 

PE 
Percent  of  voltage  =  I  /oo 


(^) 


P^ 

/oo 


=  /ooo  PF  ■ 


/ooo  Pf 


Dollais  loss  per  year  = 


/ooo  PF-  X  k 


The  percentage  of  power  delivered  is  therefore, 


/—  —  J  and  the  actual  power  in  watts  is, — 

(  :oo  -  R\- 
Actiial power  delivered  =  I j^ —  I   /ooo  PF 

Where  P  is  the  k.v.a.  rating  of  the  transformer, 
and  F  is  the  quantity  which,  multiplied  by  the  normal 
rating  of  the  transformer,  will  give  the  actual  energy 
delivered  during  a  given  daily  load  curve.  The  case 
of  90  percent  power-factor  is  assumed  as  being  that  of 
the  average  distributing  circuit.  The  energy  not  sold 
due  to  the  regulation  of  the  transformer  is, — 

(/oo  —  K  V- 
/()()      ) 

=  YJ^_(JL\'\,oooPF 
\_  /oo       \iooJ    J 

Multiplying  by  the  profit  per  year  realized  in  sell- 
ing energ\',  gives  the  yearly  loss, — 

|_  /oo       \/oo/    J 
Where  it  =  Profit  in  dollars  per  ivatt  year. 

Since  the  value  of  (  — )  is  small  compared  to 
- — ,  this  relation  may  be  written, — 

/oo  ■  -^ 

Dollars  loss  per  year  =  20  KPFk (5) 

Example  6 — What  is  the  yearly  loss  with  a  5  k.v.a.  trans- 
former which  has  a  regulation  at  90  percent  power-factor  and 
full  load  of  2.67  percent,  if  the  daily  load  curve  is  such  that 
the  loss  factor  is  0.167? 

Assume  that  the  profit  realized  from  selling  a  watt-year 
of  energy  is  approximately  50  percent  of  the  cost  of  energy 
delivered  to  the  transformer  or  say  $0.04  per  watt-year,  then 
from  equation  (5), — 

Dollars  loss  per  year=2oX2.6jX5Xo./6j'Xo.04  =  -Sv./tf 

A  part  of  this  loss  might  be  eliminated  by  the  use 
of  regulating  devices  tending  to  keep  the  voltage  con- 
stant at  the  secondar}'  terminals  of  the  transformer. 
However,  it  is  customary  to  take  care  of  drop  in  prim- 
ary voltage  only  by  the  use  of  a  potential  regulator. 

TOTAL   COST  OF  0PER.ATING  A   TRANSFORMER 

The  total  cost  of  operating  a  transformer  includes 
not  only  the  cost  of  supplying  its  losses  and  a  charge 
for  its  exciting  current  and  regulation,  but  also  the  an- 
nual charge  on  the  money  invested  in  the  transformer. 
The  total  cost  of  operating  the  transformer  therefore 
consists  of  the  following  items, — 

I — Investment  charge.         3 — Cost  of  copper  loss. 

2 — Cost  of  iron  loss.  4 — Cost  of  exciting  current. 

5 — Cost  of  regulation. 

Example  7 — What  is  the  total  cost  of  operating  a  5  k.v.a. 
transformer  whose  cost  is  $51,  with  a  rate  of  annual  charge 
of  II  percent,  all  other  conditions  being  the  same  as  for  the 
preceding  examples  ? 

I — Investment  charge .$  S.61 

2 — Cost  of  iron  loss   from  Example  3    3.57 

3 — Cost  of  copper  loss  from  Example  3  3.90 

4 — Cost  of  exciting  current   from   Example  4   0.25 

5 — Cost  of  regulation  from   Example  6   1.76 

Total .$15.09 

Example  8 — What  is  the  total  yearly  cost  of  operating  a 
5  k.v.a.  transformer,  whose  cost  is  $43.50  and  whose  perform- 
ance characteristics  are  as  follows, — 

Li  =  58  Lc  =  no. 

m    =  0.063  Regulation    at   90   percent   power- 

factor  =  2.85. 

I — Investment    charge    $  4.78 

2 — Cost  of  iron    loss    4.93 

3 — Cost  of  copper   loss    4.30 

4 — Cost  of  exciting  current   0.66 

5 — Cost  of  regulation     1.90 

Total ..$16.57 
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It  is  evident  that,  under  the  assumed  conditions, 

the  transformer  in  Example  7  is  the  most  economical 

one  to  use.     The  difference  in  the  yearly  cost  beins^ 

$16.57 — $15-09  or  $1.48,  the  cost  of  the  transformer  in 

Example  7  could  be  increased  from  $51.00  to  $64.50, 

without  its  total  yearly  cost  of  operation  exceeding  that 

of  the  trans  fonner  in  Example  8. 

Example  g — Would  it  be  economical  to  replace  an  old  5 
Icv.a.  transformer,  which  has  the  following  performance 
characteristics,  by  the  5  k.v.a.  transformer  in  Example  7, — 

Li  =  75  Lc  =  120 

m    =  0.063  Regulation   at   90   percent   power- 

factor  =  3.03. 
The  additional   investment  is  the  cost  of   the   new  trans- 
former,  which   is  $51   plus   say   10  percent  of   this   value   for 


making    the    change,    minus    about    20    percent    for    the    scrap 
value    of    the    old    transformer,    or    a    net    amount    of    $45.90. 

Therefore, — 

The  yearly  cost  of  the  new  investment  ^  5.05 

Total  yearly  cost  of  the  losses  and  regulation  of  the 

old  transformer   1378 

Total  yearly  cost  of  the  losses  and  regulation  of  the 

new  transformer    9.48 

The  yearly  saving  on  the  losses  and  regulation  by  the  use 
of  the  new  transformer  would  be  $13.78 — $9.48  or  $4.30.  Since 
this  is  less  than  the  cost  of  the  additional  investment  of  $5.05, 
it  would  not  be  advisable  in  this  case  for  reasons  of  economy 
only,  based  on  the  assumed  conditions,  to  scrap  the  old  trans- 
former and  replace  it  with  the  new  one. 


*The  author  is  indebted  to  Mr.  J.  B.  Gibbs,  for  assistance 
in  the  preparation  of  this  section. 
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1609— Transformers      With      Unbal- 
anced    Load — Will     a     modern     pole 
type,   oil   cooled,   five  k.v.a.,  60  cycle, 
single-phase,    2200    volt   primarj',    220 
and    no   volt,    three    wire    secondary 
transformer   handle   a    load   that    has 
35  percent  more  amperes  on  one  side 
than   the   other   and  keep  the  voltage 
even    on    both    sides    of    the    circuit? 
We  have  now  a  10  kv.a.  transformer 
handling  23  k.v.a.  connected  load  and 
the  voltage  on  one  side  is  90,  on  the 
other    side     130     (this    is    not    satis- 
factory)   on    a    Saturday    night    peak 
load,  but  when  there  is  no  peak  the 
high    voltage    changes    sides.     I    am 
thinking  of  putting  in  to  replace  this 
a  modern   transformer   of   five   k.v.a. 
to   handle    11.3   k.v.a.    connected   load 
and    transfer    the     other     11.7    k.v.a. 
which  is  wired  on  the  two-wire  sys- 
tem to  a  two-wire  distribution  system 
that  is  within  reach,  but  the  changes 
still   leave   an   unbalanced   load  of   35 
percent     which     cannot     be     changed 
without  tearing  the  building  to  pieces. 
The  load  on  the  new  transformer  will 
be  19  amperes  on  one  side  and  27  on 
the   other.    The   voltage   on   the   out- 
side wires  is  220.     What  will   be   the 
voltage  on  the  center  to  each  outside 
wire   respectively?     Will   this   modern 
transformer  carry  the  voltage  evenly 
or  would  it  be  better  to  buy  a  balance 
coil?  E.B.   (alta.) 

A  transformer  designed  for  three- 
wire  service  will  carry  an  unbalanced 
load  up  to  50  percent  of  its  rating,  pro- 
viding the  k.v.a.  output  of  the  heavily 
loaded  side  is  not  greater  than  one-half 
the  k.v.a.  rating  of  the  transformer. 
The  percent  voltage  drop  of  this  side 
will  not  be  greater  than  the  regulation 
of  the  transformer  which  is  about  2.5 
percent.  With  a  load  as  described,  the 
k.v.a.  output  of  the  side  with  27  amperes 
load  will  be  no  X  27  =  2.97  k.v.a.  or  an 
overload  of  19  percent  on  a  five  k.v.a. 
transformer.  It  is  assumed  that  the 
transformer  is  well  designed  being  a 
shell  type,  or  if  it  is  a  core  type,  the 
iw-voltage   is   subdivided,   i.e.,  part  of 


each  of  the  low-voltage  coils  on  each 
side.  A  five  k.v.a.  transformer  of  good 
design  will  carry  this  load  without  diffi- 
culty. The  voltage  will  be  about  107 
volts  across  the  heavily  loaded  side 
and  about  108  volts  across  the  other 
side.  This  will  give  a  voltage  of  215 
volts  across  the  outside  wires  with  a 
high  voltage  of  2200  volts.  As  the  un- 
balanced load  is  less  than  one-half  k.v.a. 
it  is  not  advisable  to  install  a  balance 
coil.  C.B. 

1610 — Aluminum  Conductors  in  Dy- 
namos— I  understand  that  in  spite  of 
the  war  Switzerland  is  continuing  the 
manufacturing  of  electrical  apparatijs 
using  aluminum  or  zinc  conductors  in 
the  machinery  in  place  of  copper.  It 
would  seem  that  motors  built  of 
aluminum  would  be  of  larger  size 
but  should  be  lighter  and  possibly 
cheaper.  What  would  be  the  effect 
of  using  aluminum  or  zinc  conductors 
upon  the  operating  characteristics  of 
direct-current  and  alternating-current 
motors  and  generators? 

L.G.B.    (pa.) 

There  are  very  few  cases  where 
aluminum  can  be  used  to  advantage 
as  current  conductors  in  dynamo-electric 
machinery.  The  reason  that  aluminum 
and  zinc  is  used  so  much  for  this  pur- 
pose in  some  parts  of  Europe,  is  that 
copper  is  nearly  unobtainable  there. 
Where  the  use  of  aluminum  requires  a 
longer  magnetic  circuit  on  account  of 
its  greater  bulk  for  the  same  current- 
carn-ing  capacity,  the  weight  and  size 
of  the  machine  as  a  whole  is  verv'  likely 
to  be  increased.  This  applies  particu- 
larly to  revolving  fields,  revolving  arma- 
tures and  transformers,  and  is  also  true 
of  most  stationary  fields  and  armatures. 
The  cost  of  the  machine  will,  therefore, 
be  increased  usually,  even  though  the 
cost  of  aluminum  be  somewhat  less 
than  copper  for  the  same  carrj'ing 
capacity.  In  this  country,  almost  the 
only  purpose  for  which  aluminum 
could  be  used  to  advantage  in  electric 
machinerj',  woidd  be  for  field  coils  of 
some    direct-current    generators,    which 


have  sufiicient  space  for  such  field  coils. 
In  addition  to  its  greater  bulk,  aluminum 
has  some  other  disadvantages :  thor- 
oughly satisfactory  electrical  joints  are 
difficult  to  make ;  the  use  of  the  oxide 
coating  as  insulation  between  turns  is 
only  a  partial  success ;  its  mechanical 
properties  are  not  so  good  as  those  of 
copper;  and,  unless  cotton-covered,  can- 
not be  wound  "mush",  as  is  often  done 
with  copper.  The  effect  upon  perfor- 
mance of  the  use  of  zinc  or  aluminum 
is  mainly  a  loss  in  efficiency.  The  in- 
creased size  means  greater  ability  to 
dissipate  heat,  and  therefore  greater 
losses  are  permissible  for  the  same 
temperature   rise.  f.l.m. 

161 1 — Power- Factor  Meter — In  taking 
our  meter  readings  we  find  that  our 
calculated  power-factor  runs  con- 
siderable higher  than  our  power- 
factor  instrument  reading  with  a  very 
nearly  balanced  load.  Our  apparatus 
is  three  phase,  using  a  three-phase 
wattmeter  and  power-factor  meter. 
Method  of  calculation  would  be, — 
wattmeter  reading         _  ^    . 

T-nri7    ^y  r^  -.^ ^=  Power- factor, 

E.M.F.  X  C  X  1.732 
which  is  considerably  higher  than 
power-factor  meter  reading.  Our 
power-factor  meter  reading  is  usually 
quite  low  around  60  to  78  varying 
between  these  two  points.  What  is 
the  usual  percent  error  in  a  case  of 
this  kind  and  what  instruments  used 
in  this  case  are  most  subject  to  error? 

E.M.    (N.Y.) 

The  -formula  stated  should  give  the 
correct  power-factor  with  balanced  load 
and  voltage,  and  there  would  seem  to 
be  no  reason  why  a  power-factor  meter 
should  read  lower  than  the  calculated 
power-factor,  unless  some  of  the  instru- 
ments are  out  of  calibration  or  not 
properly  connected.  The  standard 
power-factor  meter  will,  under  balanced 
load  conditions  on  a  sine  wave,  indicate 
the  true  power-factor  within  two  de- 
grees. It  is,  however,  more  subject  to 
error  than  the  instruments  used  in  tak- 
ing readings  for  calculating  the  power- 
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factor.  The  power-factor  meter  indi- 
cates the  average  angle  between  cur- 
rents and  voltages  in  a  polyphase  cir- 
cuit, the  scale  usually  being  lettered  so 
that  the  reading  appears  in  terms  of 
cosine  of  the  angle  rather  than  the 
angle.  The  true  power-factor,  how- 
ever, is  the  ratio  between  real  and  ap- 
parent watts  obtained  from  ammeter, 
voltmeter  and  wattmeter  readings. 
This  true  power-factor  equals  the  cosine 
of  the  angle  between  the  current  and 
voltage  only  with  balanced  load  and 
true  sinusoidal  waves.  With  distorted 
waves  or  with  badly  unbalanced  load, 
the  power-factor  meter  reading  will  be 
higher  than  the  true  power-factor.  This 
does  not  explain,  of  course,  a  power- 
factor  reading  which  is  lower  than  the 
true  power-factor  and,  as  stated  above, 
our  only  suggestion  is  that  some  of  the 
instruments  must  be  incorrect.  If  the 
load  had  been  balanced,  which  you  say 
is  not  the  case,  a  correctly  connected 
and  calibrated  power-factor  meter  would 
not  register  low  with  certain  combina- 
tions of  unbalanced  currents.  The 
whole  question  of  pOwer- factor  of  poly- 
phase circuits  is  difficult  to  discuss  as, 
in  the  first  place,  there  is  no  "cast-iron" 
definition  of  what  power-factor  really 
is  on  a  three-phase  circuit.  e.a.h. 

1612 — Winding  Design — (a)  How  is  the 
"winding  pitch"  or  "throw"  of  the 
coils  determined  for  alternating-cur- 
rent motors?  Why  is  it  I  and  8,  i 
and  13,  I  and  12,  i  and  11,  etc.,  in 
different  motors  of  same  size,  type, 
number  of  slots,  etc.  (b)  If  ojje  had 
a  blank  induction  motor  frame  with 
the  nameplate  detached,  how  would 
he  determine  the  size  of  conductor  and 
number  of  turns  per  coil  and  how 
would  he  determine  the  proper  throw 
for  different  pole  arrangement?  (c) 
I  have  noted  a  few  instances  where 
440  volt  induction  motors  were  recon- 
nected for  2200  volts.  I  don't  under- 
stand what  connection  could  be  used 
to  achieve  these  results  without  sub- 
jecting the  winding  to  a  dangerous 
voltage  strain.  Can  you  explain  how 
this  would  be  done  on  a  50  hp,  440 
volt,  squirrel-cage  induction  motor 
having  8  poles  of  4  coils  per  pole — 96 
coils  and  a  throw  of  1-13  connected 
one  circuit  delta?  Would  not  the 
higher  voltage  overwork  the  iron  back 
of  the  slots  to  a  dangerous  degree? 

ERW.    (UTAH) 

(a')  The  full  pitch  equals  the  number 
of  slots  -^  the  number  of  poles.  In  the 
motor  described  under  (c)  this  equals 
96  -^  8  =  12,  giving  a  throw  of  1-13. 
Chorded  windings,  having  a  fractional 
pitch  are  described  in  an  article  on  "Re- 
connecting Induction  Motors,"  by  A.  M. 
Dudley,  in  the  Journal  for  Feb.  igi6. 
(b)  This  can  hardly  be  done  except  by 
an  experienced  designer  as  it  practically 
involves  a  complete  design  of  a  new 
winding.  In  general,  such  a  design 
would  involve  the  following  formula:— 

Flux  pci  piije  = 

■rs  X  70'  X  E 

Crc/^s-^  Conri-X Dist.  Factor :<  Chord  Factor  ' ' '   ''' 

in  which  £=  volts  per  leg,  Fig.  (a),  and 
distribution  factor  and  chord  factor  are 
constants  depending  upon  the  phase  and 
type  of  winding  as  explained  in  the  Feb. 
1916  article.  Since  the  frame  is  already 
constructed,  the  flux  is  approximately 
fixed  and  for  modern  motor  iron  may 
be  assumed  as  roughly  equal  to  80000 
lines  per  square  inch  cross  section.  For 
a  three-phase,  60  cycle  motor,  the  distri- 


bution factor  may  be  assumed  as  0.95 
and  the  chord  factor  roughly  as  0.96. 
The  frequency  and  voltage  are  of  course 
known,  as  is  the  desired  speed.  Assurn- 
ing  220  volts  and  60  cycles  and  substi- 
tuting known  values  in  equation  (l) 
gives 

4f,    X  /O"    X    220 
bo  000  X  ^1?.  "*.    =    Z 7= .    ^^ TT r-    ....    \-  ) 

'  do  \  Cond.  X  o.<}5  X  o.<)6 

The  square  inches  to  be  figured  should 
be  twice  the  area  of  the  cross  section 
X-Y-Z-W,  Fig.  (b),  of  the  core,  since 
the  flux  divides  and  goes  both  ways. 
The  section  of  the  teeth  at  the  middle 
point  should  also  be  checked.  It  will  be 
the  cross  section  of  one  tooth  X  the 
total  number  of  teeth  -f  by  the  total 
number  of  poles  for  which  the  machine 
is  wound.  This  will  give  the  cross 
sectional  area  per  pole  at  the  middle  of 
the  teeth  and  if  applied  in  eq.  (2),  should 
be  multiplied  by  0.636  since  the  maxi- 
mum value  of  the  flux  should  be  figured 
in  the  teeth.  This  automatically  takes 
care  of  itself  in  the  core  without  the 
factor  0.636,  but  this  factor  has  to  come 
in  the  teeth  thereby  decreasing  the  flux 
per  pole  that  can  be  allowed. 

Eq.  (2)  contains  only  one  unlaiown, 
the  numijer  of  active  conductors  per 
phase.  Solving  eq.  (2)  gives  the  num- 
ber of  series  conductors  per  phase.  The 
number  of  conductors  per  coil  can  be 
calculated,  as  the  total  number  of  coils 
is  fixed  by  the  number  of  slots.  The 
size  of  the  individual  conductors  is  also 
determined    by    the    slots    in    the    core 


FIG.  1612   (a)    and   (b) 

which  is  already  constructed,  as  natur- 
ally the  largest  size  of  conductor  which 
will  go  into  the  slots  with  the  required 
number  of  turns  and  with  adequate  in- 
sulation is  the  size  which  would  be 
selected.  It  is  entirely  possible  that  a 
full  pitch  winding  cannot  be  used  under 
the  circumstances,  and  if  a  chorded 
winding  is  used  the  chord  factor  gi.ven 
above  will  have  to  be  changed.  This  is 
all  discussed  in  the  Feb.  1916  article. 
The  horse-power  rating  of  the  rewound 
motor  can  be  determined  by  making 
arbitrary  assumptions  as  to  the  current 
capacity,  power-factor,  efficiency,  etc. 
In  general,  a  roughly  conservative  value 
can  he  determined  by  assuming  750  cir- 
cular mils  per  ampere  in  the  armature 
winding,  an  efficiency  of  0.88  and  power- 
factor  of  0.80,  although  this  will  of 
course  be  only  a  very  rough  approxima- 
tion. Cc)  It  might  be  possible  to  re- 
connect a  440  volt  motor  for  2200  volts 
so  far  as  the  diagram  only  is  concerned. 
The  higher  voltage  would  not  overwork 
the  iron  if  the  number  of  turns  in  series 
were  increased  as  much  as  the  voltage, 
that  is  2200  -r-  440  or  5  times.  The  440 
vo'.t  insulation  would  not  be  sufficient 
for  2200  volts  and  the  coils  would  have 
to  be  entirely  rcinsulated,  which  would 


probably   require   the   use   of   a   smaller 
size  conductor.  a.m.d. 

1613 — Grounding  Resister  — We  are 
interested  in  the  method  of  ground- 
ing a  system  through  a  resistance  as 
outlined  in  an  article  by  Mr.  H.  M. 
Collbohm  in  the  Journal  for  Jan.  '18. 
We  are  considering  this  method  in 
connection  with  our  1 1000  volt,  3 
phase,  isolated  delta  system  and  would 
like  to  obtain  more  details,  such  as 
the  approximate  cost  and  size  of  the 
resistance;  the  limiting  current  you 
would  recommend  for  a  system  con- 
sisting of  a  double  circuit  wood  pole 
transmission  line  13.2  miles  long  with 
approximately  13.6  miles  of  distribu- 
tion line.  The  main  generating  station 
has  two  3750  k.v.a.  and  one  6350  k.v.a., 
12000  volt  star  connected  generators 
(hydroelectric).  The  power  is  trans- 
mitted from  here  13.2  miles  to  a 
hydroelectric  generating  station  of  one 
1500  k.v.a.,  12000  volt  generator  and 
a  steam  plant  (only  occasionally  used) 
which  will  shortly  have  a  7500  k.v.a. 
turbine  generator.  Which  generator 
would  be  preferable  for  connecting  in 
the  resistance?  Any  other  informa- 
tion pertaining  to  this  method  you 
may  send  us,  will  be  appreciated. 

J.S.B.    (ga.) 

The  following  recommendation  is 
based  on  the  assumption  that  present 
loads  are  balanced  and  that  a  value  of 
75  amperes  unbalanced  current  would  be 
distinguishable  on  the  feeder  instru- 
ments. In  case  there  is  a  greater  un- 
balance in  current  that  would  render 
such  an  indication  unreliable,  it  will  be 
necessary  to  increase  the  value  to  a 
point  that  will  give  a  definite  reading. 
A  resistance  having  a  rating  of  7S 
amperes  designed  for  a  neutral  voltage 
of  6900  volts  and  with  a  time  rating  of 
two  minutes  would  require  approxi- 
mately 30  cu.  ft.  space  for  installation. 
This  space  does  not  include  the  clear- 
ances other  than  the  supporting  in- 
sulators for  the  voltage  class  of  equip- 
ment. It  is  immaterial  what  generator 
neutral  is  used  for  this  resistor,  but  we 
would  suggest  the  use  of  a  neutral  bus 
arranged  so  that  one  machine  would  be 
available  at  all  times.  F.c.H. 

1614— Transformers  Connections— We 
have  had  trouble  with  two  banks  of 
transformers  connected  delta  delta 
as  shown  in  Fig.  (a)  and  both  hanks 
connected  in  parallel.  Say  trans- 
former marked  X  of  No.  i  bank  burns 
out.  On  this  transformer  being  dis- 
connected and  No.  I  bank  now  con- 
nected open  delta,  would  it  be  quite 
alright  to  again  operate  this  bank  in 
parallel  with  No.  2  bank?  If  so,  what 
proportion  of  the  total  load  will  this 
bank  carry?  r.h.n.l.   (brit.  col.) 

In  effect  this  condition  amounts  to 
having  a  delta  in  which  two  legs,  of  two 
parallel  transformers  each,  are  used 
with  a  third  leg  which  is  a  single  trans- 
former as  shown  in  Fig.  (b).  This 
gives  double  the  impedance  in  the  third 
leg  that  there  is  in  each  of  the  other 
two.  Knowing  the  resistance  and  react- 
ance of  each  transformer  it  is  po;s.-,lole 
to  calculate  the  currents  in  each  by  the 
method  described  in  the  Electric 
Journal  for  Sept.  17,  p.  3.=;6,  in  the 
article  on  "Dissimilar  Transformers  in 
Delta."  For  example,  if  the  resistance 
is  1.2  percent  and  the  reactance  2.4  per- 
cent it  will  be  found  that  the  current  in 
the  single  leg  will  be  0.433  of  the  cur- 
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rent  in  the  line.     \i  the  tliree  legs  of  the 
delta  were  similar  this  value  would  be 
I 

or  0.577.     Therefore,   the   load   on 


V3 
the  bank  mav  be 


0.577 
^  1.33  percent 

0.433 
of  the  load  on  a  bank  of  three  of  the 
same  transformers.     That  is,  three   100 
k.v.a.   transformers  of  the  above   char- 
acteristics would  give  a  combined  output 


FIG.  1614   (a)    and   (b) 

of  300  k.v.a.  An  additional  transformer 
in  each  of  two  legs  will  increase  the 
output  to  300  X  1.33  =  400  k.v.a. ;  while 
a  sixth  transformer  added  to  the  single 
leg  will  make  the  output  600  k.v.a.  See 
also  article  on  "Operation  of  Delta  and 
V-Connected  Transformers  in  Parallel," 
by  Mr.  E.  C.  Stone  in  the  Journ'^l  for 
April   1910,  p.  304.  j.B.G. 

1615— Ph.\sing  High-Tension  Lines— 
In  the  article  on  "Phasing  Out 
High  Tension  Lines,"  by  Mr.  E.  C. 
Stone  in  the  November  1917  issue,  he 
states  in  the  latter  part  of  the  second 
paragraph  as  follows:  "If  both  lines 
have  an  odd  number  of  delta  and  an 
odd  number  of  star  windings  they 
can  be  paralleled  with  each  other,  but 
not  with  a  line  having  no  trans- 
formers." Will  you  please  explain 
why  this  is  true?  B.j.s.  (OHio) 

It  will  be  obvious  from  a  study  of 
the  diagrams  in  this  article  that  a  star 
delta  or  delta  star  connection  introduces 
a  30  degree  phase  displacement.  It  will 
be  equally  obvious  that  a  second  delta 
star  or  star  delta  connection  will  restore 
the  original  phase  relation.  A  delta 
delta  connection  or  a  star  star  connec- 
tion does  not  affect  the  phase  relations. 
If  both  lines  have  an  even  number  of 
star  and  even  number  of  delta  connected 
windings  the  equivalent  resultant  will 
be  the  same  as  if  all  the  connections 
were  cither  delta  delta  or  star  star; 
hence  there  will  be  no  resultant  change 
in  phase  relations  and  the  two  lines  can 
be  paralleled  with  each  other  or  with  a 
line  having  no  transformations.  If, 
however,  both  lines  have  an  odd  number 
of  delta  and  an  odd  number  of  star 
windings,  any  attempt  to  resolve  them 
into  the  equivalent  number  of  delta  delta 
and  star  star  connections  will  leave  one 
star  and  one  delta ;  the  effect  is  the 
same  as  if  there  was  one  star  delta  con- 
nection in  the  lines.  This  will  twist  the 
phase  relations  of  the  terminals  30 
degrees  out  of  phase  from  the  gener- 
ators. Since  both  lines  will  have  an 
equivalent  phase  displacement  they  can 
be  paralleled  with  one  another.  But 
since  l)oth  are  30  degrees  out  of  phase 
with  the  generators  they  cannot  be 
paralleled  with  a  line  having  no  trans- 
formations; nor  with  a  line  having  an 
even  number  of  star  and  delta  connec- 
tions. C.-K  «. 

1616 — Circuit  Pjreaking  Heating — In 
a  G-l,  35000  volt,  300  ampere,  oil 
circuit  breaker,  is  any  heat  generated 
in  the  iron  tank?  Does  it  vary  with 
the  current  passing  through  the 
switch?     Would  the  heat  generated  be 


enough  to  make  any  noticeable  differ- 
ence in  the  temperature  of  the  oil 
when  exposed  to  cold? 

C.A.A.     (MINN.) 

Currents  of  300  amperes  or  less  will 
cause  no  appreciable  heating  in  a  struc- 
ture of  the  size  of  the  G-l  circuit 
breaker,  especially  with  the  compara- 
tively large  radiating  surface  of  the 
tank.  The  oil  will  not  be  warmed  by 
this  current,  and  to  prevent  freezing 
vvhen  exposed  to  cold,  a  special  grade  of 
oil  should  be  used  or  else  heating  ele- 
ments placed  in  the  oil  tanks.  Oil  can 
be  obtained  having  a  low  freezing  point 
( —  47  degrees  C).  Heating  elements 
operated  from  low  voltage  can  be  in- 
stalled which,  for  this  size  circuit 
breaker  will  require  somewhat  less  than 
one  kw  continuously  to  raise  the  oil  to 
32  degrees  F.  from  o  degree  F.  The 
heaters  need  be  in  circuit  only  during 
periods  of  low  temperature. 

H.E.   MacD. 

1617 — Locking  of  induction  motors— I 
have  been  much  interested  in  p^ading 
1550  on  the  "Locking  of  Induction 
Motors."  (a)  Will  you  please  explain 
why  motors  with  two-phase  rotors, 
(assuming  of  course,  the  same  stator 
and  supply),  do  not  give  such  good 
starting  torque  and  general  perform- 
ance as  motors  with  three-phase 
rc)tors?  How  is  the  leakage  reactance 
of  motors  with  three-phase  stators 
and  two-phase  rotors  calculated?  (b) 
The  answer  to  1550  states  that  "To 
prevent  locking  the  number  of  stator 
and  rotor  teeth  and  their  size  must 
be  so  proportioned  that  the  reluctance 
of  the  air-gap  will  be  as  nearly  as 
possible  the  same  all  around  and"  for 
all  positions  of  the  rotor."  Please  tell 
me  how  to  do  this.  If  possible,  give 
a  formula  for  calculating  the  reluc- 
tance of  the  air-gap  which  takes  all 
the    necessary    factors    into    account. 

(c)  Am  I  correct  in  assuming  from 
this  answer  that  a  rotor  with  totally 
enclosed  slots  with  the  slots  consider- 
ably below  the  peripherv  of  the  rotor, 
so  that  the  bridge  at  the  top  of  the 
slots  is  not  saturated,  will  cause  the 
reluctance  of  the  gap  to  be  uniform? 

(d)  I  have  frequently  tested  motors, 
chiefly  those  having  two-phase  rotors, 
which  appear  to  give  a  greater  start- 
ing torque  (with  the  correct  resistance 
in  the  rotor  circuit)  than  pullout 
torque.     How  can   this   be  explained? 

F.A.A.  (England) 
(a)  The  reactance  of  the  motor  with 
a  two-phase  rotor  will  be  slightly  greater 
than  with  a  three-phase  rotor,  and  hence, 
the  starting  and  pull-out  torques  will 
be  slightly  less.  The  reactance  of  the 
two-phase  rotor  is  first  figured  as  two- 
phase  and  converted  to  the  primary 
three-phase  by  mutiplying  one-half  the 
ohms  between  terminals  by  the  square 
of  the  voltage  ratio.  This  gives  the 
reactance  per  leg  three-phase  or  one- 
half  the  reactance  between  terminals, 
(b)  There  is  no  formula  for  this  and 
each  individual  case  must  be  laid  out 
step  by  step,  (c)  In  the  case  mentioned 
the  reluctance  of  the  air-gap  will  not  be 
uniform  unless  the  primarj'  teeth  are 
closed  also,  but  there  is  no  position  of 
the  rotor  in  which  the  effective  length 
of  the  air-gap  is  different  from  any 
other  position  of  the  rotor.  Assume 
the  case  with  open  slots  and  the  same 
number  on  both  members.  When  the 
teeth  are  in  line  a  certain  m.m.f.  will 
produce  a  certain  flux.     If  the  tooth  is 


opposite  a  slot,  the  path  for  the  flux 
through  the  air  is  greater  and  the  same 
m.m.f.  w'ill  produce  less  flux.  (d) 
These  apparent  results  will  seem  to 
occur  on  account  of  not  being  able  to 
read  the  maximum  torque  accurately 
and  also  at  start  there  may  be  some  eddy 
current  losses  which  will  add  to  the 
starting  torque.  c.w.k. 

161S  — Copper  Strap  With  Round 
Corners — Knowing  the  width  and 
breadth  of  a  strap  of  copper,  haying 
round  corners,  as  it  is  commercially 
used  in  the  construction  of  trans- 
formers, how  would  you  calculate  tor 
its  exact  sectional  area  ?  What  allow- 
ance is  made  for  the  area  lost  by  the 
round  corners?  r.s.h.   (Mexico) 

The  corners  of  rectangular  copper 
strap  for  use  in  transformers  are 
rounded  in  accordance  with  the  follow- 
ing schedule ;  When  thickness  is  tS:  inch 
and  less,  radius  =  T  -^  2.  When  thick- 
ness is  more  than  t^  inch  and  less  than 
0.17  inch,  radius  =  1-32  inch.  When 
thickness  is  0.17  and  less  than  0.23, 
radius  =  A  inch..  When  thickness^  is 
0.23  and  over,  radius  =t's-  inch.  The 
amount  to  be  deducted  from  the  lect- 
angular  area  to  find  the  actual  area  of 
the  copper  is  4r  minus  Tr"  =  0.^584  r. 
Thus  for  example,  the  area  of  a  sa-ap 
0.I2Q  bv  0.250  is  0.120  X  0.250  =  0.032JS ; 
0.85S4  X  (1-32)'  =  0.000838;  and  the 
area  of  the  copper  =  0.031412  -q.  in. 

;.H.G. 

i5ic)_Secondary  Currents— Is  there 
any  fixed  relation  between  primary 
and  secondary  currents  in  slip-nng 
induction  motor?  Please  give  a  for- 
mula which  takes  into  account  primary 
voltage  and  speed,— one  sutricicntly 
accurate  for  calculating  the  size  of 
secondary  leads.  h.w.b.   (m-in.) 

The  relation  between  the  primary  and 
secondary  currents  in  any  particular  in- 
duction motor  is  fixed,  but  for  a  line 
of  machines  there  is  no  fixed  relation 
of  currents.  The  secondary  current  de- 
pends on  the  secondary  voltage  and  this 
does  not  bear  anv  fixed  relation  to  Ihe 
primarv  voltage  in  different  ratings. 
When  an  induction  motor  is  standing 
still  with  the  secondary  leads  open,  it 
is  just  like  a  transformer  and  can  be 
designed  to  have  any  ratio  whatever. 
The  ratio  is  determined  largely  by  the 
number  of  slots  and  the  winding  wni:h 
can  be  put  in  them  to  the  best  ad- 
vantage, and  is  also  determined  by  parts 
which  have  been  developed  for  other 
ratings  The  secondary  volts  and  am- 
peres are  usually  stamped  ""  'he  name- 
plate,  but  if  the  nameplate  is  o  t  the 
secondary  voltage  can  be  fou  id  In 
meastiring  the  voltage  across  the  oper, 
Tecondarv  leads  when  full  voltP.ge  1. 
appHed  to  the  primary.  By  using  the 
following  formula  the  secondary  current 
can  be  found  when  the  secondap'  voltage 
is  given.  The  full  load  slip  is  usually 
around   five   percent. 

hp  X  74(> 
1  J  X  JFeX  (/-%-^i 
where  /:  =  secondary  current  per  lead; 
/!/..=  horse-power  output;  £=  —  open 
circuit  secondarv  voltage  between  col- 
lector rings;  %  s,  =  percent  slip  from 
syn.  speed  —  speed 
synchronous  speed  =  jy„.  speed 

Since  torque  is   equal  to 
hp  X  5250 


/o  = 


(I—  %  Ji)  X  syn.  speed 


Itlh    tLtC'IRlC    /OUKS.iu 
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/■>  = 


Torque  X  syn.  sp  cd 


This  shows  that  the  secondary  current 
varies  with  the  torque  and  is  inde- 
pendent of  the  speed  at  which  the  motor 
operates.  The  above  formula  is  ap- 
proximately correct  for  torques  uP  'o 
1,5  times  full-load  torque.  For  higher 
torques  than  this  the  current  will  m- 
crcase  faster  than  the  torque,  due  to 
changing  secondary  power-factor. 

C.W.K. 


NEW  BOOKS 


"The  New  Knowledge — Robert  Ken- 
nedy Duncan.  263  pages,  54  illus- 
trations. Published  by  A.  S.  Barnes 
Co.,  New  York  City.  For  Sale  by 
The  Electric  Journal.  Price  $2.00. 
It  is  unfortimately  true  that  most 
engineers,  while  keeping  pace  with  the 
rapid  progress  of  events  in  their  own 
particular  field,  find  it  difficult  to  keep 
informed  with  respect  to  the  modern 
developments  in  the  fundamental  sub- 
ject of  physics,  upon  which  all  en- 
gineering is  based.  This  it  not  to  the 
discredit  of  the  laymen  in  the  field  of 
pure  physics  (in  which  class  most  en- 
gineers and  most  teachers  must  be 
considered),  in  that  it  is  usually  not 
due  to  lack  of  interest  on  his  part. 
Rather,  in  these  days  of  the  disinte- 
gration of  the  "indivisible"  atom  and 
of  scientific  alchemy,  he  finds  it  ex- 
ceedingly difficult  to  keep  track  of  all 
the  newer  discoveries  and  theories, 
dealing  with  ions,  electrons,  corpuscles, 
radium  with  its  various  rays  and 
emanations,    and    other,    to   him,   mysti- 


fying terms.  For,  while  all  the  new 
discoveries  are  duly  chronicled,  these 
papers  are  usually  difficult  of  access, 
are  couched  in  technical  language  and 
are  frequently  dependent  upon  other 
papers,  (printed  elsewhere)  for  a  part 
of  their  meaning.  To  obtain  a  clear, 
concise,  perspective  view  of  the  whole 
field  requires  therefore  an  amount  of 
time  and  effort  which  only  a  few  can 
spare. 

The  great  majority  of  the  laity  are 
therefore  greatly  indebted  to  Prof. 
Duncan,  who,  in  "The  New  Knowl- 
edge'' has  presented  in  a  clear  and 
readable  manner,  what  he  terms  "a 
synthesis  of  this  new  knowledge."  We 
recommend  this  book  most  highly  to 
those  who  are  not  satisfied  with  the 
half  baked  and  often  false  descriptions 
of  the  recent  discoveries  and  theories 
which  are  given  in  the  popular  and  too 
frequently  in  some  of  the  technical 
magazines.  The  extent  of  this  work 
is  well  indicated  by  the  Table  of  Con- 
tents,  which   foHows : — 

Part  I — Current  conceptions  : — The 
Three  Entities ;  Compounds  and  Ele- 
ments, Molecules  and  Atoms. 

Part  2— The  Periodic  Law :— The 
Mvsteo'  of  Matter;  The  Atoms  of  the 
Elements;  The  Table  of  the  Law;  The 
Testing  of  the  Law ;  The  Significance 
of  the  Law. 

Part  3 — Gaseous  Ions  : — Gases  from 
the  Standpoint  of  Physics ;  How  They 
Conduct  Electricity;  Discovery  of 
Ions ;  A  New  Kind  of  Particles ;  Dis- 
covery of  Corpuscles;  Factors  of  a 
Corpuscle ;  An  Experiment ;  The  Speed 
of  a  Corpuscle  and  How  it  is  Esti- 
mated ;  The  Relation  of  the  Charge  on 
a  Corpuscle  to  its  Mass ;  How  Im- 
porlant     it     is;     How     the     Electrical 


Charge  on  a  Corpuscle  is  Estimated; 
A  New  Use  for  Clouds ;  Ho\y  the  Mass 
of  a  Corpuscle  is  Determined;  Dis- 
covery of  the  One  Thing;  Properties 
of  Corpuscles;  Cathode  Rays;  Positive 
Ions;  The  Other  Kind  of  Particles 

Part  4 — Natural  Radio-activif: — A 
New  Property  of  Matter— Antecedent 
Discoverv;  Discover}'  of  Radio-activity; 
Discovery  of  Radio-active  Elements; 
Radium;  Becquere!  Rays  from  Radium; 
The  Alpha-,  Beta-,  and  Gamma  Rays; 
Emanations ;  Emanation  X  and  the 
Birth  of  Helium;  Thorium,  LIranium, 
Polonium  and  Actinium ;  Radio-activity 
Evervwhere. 


"Electric  Traction"— A.  T.  Dover.  667 
pages,  5ig  illustrations  and  5  plates. 
Published  by  Whittaker  and  Com- 
pany, New  York  City.  Price  $5.00. 
This  book  by  an  English  author, 
lecturer  on  electric  traction  at  the 
Battersea  Polytechnic,  London,  is  in- 
tended for  engineers  and  advanced 
students.  Generating  substations  and 
transmission  lines  are  not  considered. 
The  subject  matter  in  general  is  ar- 
ranged as  follows : — Mechanics  of  train 
movement,  motors,  control,  auxiliary 
apparatus,  rolling  stock,  study  of  train 
movement,  track  and  overhead  con- 
struction, distributing  systems  and 
substations.  Naturally,  most  of  the 
illustrations  and  examples  refer  to 
foreign  practice.  A  table  of  electric 
locomotives,  both  foreign  and  Am- 
erican, is  included.  A  chapter  is  given 
on  the  testing  of  traction  motors,  both 
alternating  and  direct  current.  Con- 
siderable space  is  also  devoted  to 
single-phase   railway   motors. 


(( 


Protect  Not  Only  Your  Equipment  /Sv 
But  Also  Your  Workers  vi/ 

Vou  have  more  inexperienced  help  in  your  shops  now  than 
ever  before;  most  concerns  have  in  these  days  of  labor  scarcity. 
It  is,  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  only  those  "green"  men,  but  also  the  equipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 

Safety  Service''  Motor  Starting  Switch 

In  Steel  Box  Operaled  from  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here   are    the  Reasons— Switch    is   entirely   enclosed    and 

operated    from  outside.       Box    cannot    be    opened  until 

switch  is  in   "off"  position. 
Here  is  the  Result — Workers   and    Equipment    are    Both 

Protected. 


Safety  Service  Motor  Starting 
Switch— Box  Closed 


Motor  Starting  Switch — 
Bo-v  Open 


Send  for  Our  Bulletin  describing  "Safety  Service"  Knife  Snitches 

THE  TRUMBULL  ELECTRIC  MFG.  CO. 

FLAINVILLE,   CONNECTICUT 


New  York 
1 14  Liberty  Street 


Chicago 
40  South  Chnton  Street 


BRANCH  OFFICES 
San  Francisco 
595  Mission  Street 


Boston 
76-8  Pearl  Street 
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Railway  Moton  Carbon  Brushes 


It  is  difficult  to  select  a  grade  of  carbon  brush  for  rail- 
way motors  by  a  casual  inspection  or  any  simple  tests.  To 
secure  the  right  brushes  requires  a  thorough  knowledge  of  the 
various  grades  of  carbons,  backed-up  by  long  experience  in 
service,  and  even  with  this  information,  wrong  applications  are 
sometimes  made.  When  making  a  selection  the  following  few 
fundamentals,  in  connection  with  operating  conditions,  ■should 
be  considered : — 

1 — Commutation. 

2 — Life   of    commutators. 

3 — Life  of   brushes. 

4 — Frequency   of   inspection. 

5 — Current  density. 

6 — Cost  per  car  mile. 

The  above  factors  will  vary  more  or  less  with  the  design 
of  the  motor,  the  design  of  the  brushholder,  the  correct  spacing 
of  the  brushes,  the  condition  of  the  road-bed,  the  condition  of 
the  equipment,  the  condition  of  the  armature  bearing,  the  con- 
dition of  the  commutator  surface,  the  brush  tension,  the  weight 
of  the  car,  the  number  of  motors  per  car,  the  scheduled  speed 
and  the  service  conditions,  etc. 

Since  all  of  these  factors  must  be  taken  into  consideration, 
the  best  and  most  reliable  results  are  obtained  by  making  tests 
of  recommended  grades  in  service  under  actual  operating  con- 
ditions. Carbon  manufacturers  generally  are  williiig  to  assist 
the  operator  in  making  service  tests.  The  following  general 
information  regarding  carbons  will  help  the  operating  man  more 
intelligently  to  select  carbons  for  service  tests. 

MAIN   CLASSIFICATION    OF    BRUSHES 

Carbon  is  a  non-metallic  element  found  in  both  crystaline 
(made  of  crystals)  and  amorphous  (non-crystaline— of  irregular 
shape)  form.  Natural  graphite  is  carbon  in  a  crystalme  form, 
and  is  mined  in  many  localities.  Amorphous  or  non-crystaline 
carbon  may  be  obtained  in  the  form  of  coke  or  lamp-black. 
Artificial  graphite  is  obtained  by  heating  amorphous  or  non- 
crystaline  carbon,  such  as  coke,  in  an  electric  furnace  to  change 
its'  structure  to  a  crystaline  state. 

By  the  use  of  the  above  materials,  the  following  general 
classes  of  brushes  are  made: — 

1 — ^Carbon  brushes — made  of  crushed  coke  and  binder. 

2 — Graphitized    brushes — made    of    carbon    and    then    electro- 

graphitized. 
3 — Graphite  brushes — natural   graphite  and   binder. 
4 — Metal     graphite     brushes — natural     graphite     with     metal 
powder  and  binder. 

With  the  modern  commutating-pole  railway  motor  having 
commutators  undercut,  and  considering  costs  per  car  mile,  brush 
end  wear,  side  wear,  breakage,  life,  commutation,  life  and  main- 
tenance of  commutator,  etc.,  these  classes  of  brushes  are  best 
suited  for  railway  motor  service  as  follows : — 

1 — Graphitized  brushes — best   all-around  results. 
2 — Carbon  brushes — next  best  all-around  results. 
3 — Graphite  brushes — very  special  and  limited  uses. 
4 — Metal  graphite  brushes — not  used  at  all. 

METHOD    OF    MANUFACTURE 

In  the  process  of  manufacture  the  most  important  opera- 
tions, depending  upon  the  class  of  brush  being  manufactured, 
are  as  follows : — 

1 — Crushing,   carbonizing    (if  it  is  done)    and  cooling. 

2 — Milling,  mixing,  cooling  and  re -milling. 

3 — Moulding  and  packing  in  the  furnace. 

4 — Gas  baking. 

5 — Electric  baking  or   graphitizing. 

The  two  most  common  general  methods  of  manufacture 
are: — 

Extruded  or  Squirted — where  the  material  in  the  form  of 
pulp  is  forced  lhrou,t;h  a  metal  iliu  under  pressure  and  then  cut 
off  to  the  desired  length  and  baked  with  a  high  temperature  to 


carbonize  the  bond  and  permanently  set  the  material.  This 
method  is  used  in  making  the  cheaper  grades  of  carbons,  which 
do  not  have  the  strength  to  resist  breaking  and  chipping  in 
service. 

Moulded  and  Machined — where  the  material  is  moulded  into 
blocks  under  heavy  pressure  and  baked.  The  carbons  are  cut 
from  these  blocks  and  machined  to  exact  size.  This  method  is 
used  in  making  the  high  grade  carbons  and  gives  a  brush  of 
uniform  texture  and  strength  that  is  best  suited  for  railway 
work. 

CHARACTERISTICS 

In  the  manufacture  of  various  grades  of  carbon  br.ishes 
best  suited  to  meet  the  requirements  of  operating  conditions, 
the  following  characteristics  of  the  brush  must  be  considered : — 


Contact  drop 

Hardness 

Resistance 


Coefficient  of  friction 
Apparent  density 
Abrasiveness 

DIMENSIONS 


Heat  conducting 

Conductivity 

Toughness 


Length— For  use  in  the  more  modern  brushholders,  the 
carbon  should  be  not  over  2  inches  long,  that  is  when  new, 
they  should  not  extend  above  the  top  of  the  carbon  box  for 
the  following  reasons  :^ 

1 — If  longer,  they  are  sutijected  to  a  greater  side  pressure,  due 

to  the  action  of  the  contact  tip,  which  increases  the  side 

wear,  tends  to  bind  the  carbon  in  the  box  and  reduces 

the  direct  pressure  on  the  surface  of  the  commutator. 

2 — If  longer,   they  are   discarded   due  to   excessive  side  wear, 

before  the  added  length  can  be  used  up  in  end  wear. 
3 — Approximately   the   same  mileage  can  be  secured   from  the 
shorter  carbon;  and  hence,  since  the  carbons  are  bought 
on  a  cu.  in.  basis,  the  first  cost  is  less. 

The  Width  is  not  so  particular;  they  can  have  as  much  as 
1^  inch  clearance  in  the  box  without  causing  any  trouble  in 
service. 

Thickness  is  very  important,  as  the  initial  clearance  between 
carbon  and  carbon  box  should  be  approximately  from  0.006  to 
0.008  inch.  If  it  is  much  less,  the  carbon  will  tend  to  stick  m 
the  box  and  bind,  and  if  greater,  it  will  soon  rattle  m  the  box, 
wearing  away  the  side ;  it  will  also  tend  to  chip  and  break,  thus 
reducing  the  life  of  the  carbon. 

COPPER    PLATING 

When  pig  tails  were  used  on  brushes,  it  was  considered 
necessary  to  copper-plate  the  carbon  to  provide  a  good  elec- 
trical contact  for  the  shunt  connection.  With  the  present  design 
of  brushholder  having  a  heavy  braided  copper  shunt  trom  con- 
tact tip  to  carbon  box,  shunted  carbons  have  been  disconanued, 
.0  the  copper  plating  is  unnecessary;  in  fact,  it  is  objectionable 
on  the  higher  grades  of  carbons  as  it  tends  to  peal  off  in  service 
and  bind  the  carbon  in  the  box. 

PIG-TAILS    OR    SHUNTS 

For  railway  work,  pig-tails  or  shunts  on  carbons  have  been 
practically  done  away  with  on  account  of  the  following  reasons: 
1 First  cost — they  were  used  with  the  cheaper  grades  of  car- 
bons that  had  a  comparatively  short  life,  which  required 
renewal   of  carbons  at  frequent  intervals. 

2 Inspection — the   pit -men    could    not    be    depended   upon    to 

maintain   shunts   during   inspection. 
3 Kot   very   reliable — the    design    was    such   that   shunts   be- 
came loose,  disconnected,  and  were  not  reliable. 

With  these  conditions  greatly  improved  by  the  use  of  a 
higher  grade  of  carbons  with  longer  life,  requiring  less  frequent 
inspection  and  by  improved  methods  of  fastening  pig-tails  to 
carbons,  some  advantages  can  be  obtained  by  the  use  of  pig- 
tails; and  in  certain  specific  cases,  especially  for  very  heavy 
current  densities  they  have  been  adopted  with  a  saving  :n  main- 
tenance. Foreign  practice  tends  to  the  more  extensive  use  01 
shunts  than  is  customary  in  this  country. 
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Five  or  six  years  ago,  in  an  effort  to 
The  Skip-Stop     j^^pj-gyg    ^i^g    service    on   their   lines, 

^  several  railway  companies    hit    upon 

the  plan  of  reducing  the  number  of  stopping  points  to 
about  eight  per  mile,  instead  of  12  or  15,  as  determined 
by  the  street  corners,  so  that  a  higher  schedule  speed 
might  be  maintained.  If  a  car  capable  of  running  at 
25  miles  per  hour,  is  required  to  make  four  stops  per 
mile,  its  schedule  speed  is  then  reduced  to  approximately 
13  m.p.h.  If  it  is  required  to  make  six  stops  per  mile 
the  speed  falls  to  11  m.p.h.,  while  if  it  makes  nine  stops 
per  mile,  the  speed  is  cut  to  nine  m.p.h.  This  matter  of 
having  to  make  about  nine  stops  per  mile  instead  of 
only  four  is  the  fundamental  difference  between  the 
street  car  lines  in  the  average  city  and  the  elevated  or 
subway  lines  of  certain  large  centers  which,  on  ac- 
count of  the  few  stops,  are  able  to  give  really  rapid 
transit.  Unfortunately,  however,  most  of  the  railways 
failed  to  present  their  cases  to  the  public  authorities  in 
a  sufficiently  clear  way  to  secure  the  necessary  permis- 
sion to  inaugurate  any  material  change. 

The  serious  coal  shortage  with  which  the  country 
was  confronted  last  winter  and  the  necessity  for  con- 
serving the  supply  of  fuel  during  the  remainder  of  the 
war  has  now  called  attention  to  another  item  which  also 
varies  with  the  number  of  steps.  On  the  average  city 
railway,  it  is  necessary,  to  burn  about  8.5  pounds  of  coal 
per  car-mile.  If  the  cars  make  only  six  stops  per  mile, 
the  coal  required  should  tlien  be  reduced  to  only  7.25 
pounds  per  car-mile,  in  spite  of  the  higher  speed  which 
is  made,  and  if  the  stops  can  be  cut  to  four,  only  six 
pounds  of  coal  will  be  necessary. 

In  view  of  this  condition,  the  elimination  of  un- 
necessary stops  on  the  electric  railways  of  the  country 
has  taken  on  a  new  significance.  Instead  of  being  a 
matter  advocated  by  the  railway  companies  for  their 
benefit,  the  "skip-stop  system,"  is  now  beiiig  requested 
by  the  United  States  Fuel  Administration  as  a  war 
measure  for  the  benefit  of  the  nation.  Looked  at  from 
this  standpoint,  the  various  public  bodies  having  author- 
ity m  the  different  cities  are  gladly  granting  permission 
for  the  adoption  of  the  system.  Already,  sufficient 
cities  have  adopted  or  have  decided  to  adopt  the  sys- 
tem to  effect  a  saving  of  over  400  000  tons  of  coal  an^ 
nually  and  it  is  expected  that  the  system  will  be  put 
into  effect  on  a  nation-wide  basis  in  a  way  that  will  in- 
crease the  yearly  saving  to  over  a  million  tons. 

Ordinarily,  in  adopting  conservation  measures  to 
help  in  winning  the  war,  sacrifices  of  a  more  or  less 
serious  nature  are  necessary.     In  the  case  of  the  skip- 


stop  system,  however,  the  saving  is  effected,  not  by  im- 
pairing the  service  of  the  railway  companies,  but  by 
actually  improving  it.  It  is  to  be  hoped,  therefore, 
that  while  the  Fuel  Administration  is  asking  for  the 
adoption  of  the  measure  for  the  period  of  the  war  only, 
it  will  be  found  desirable  to  retain  it  as  a  permanent 
method  of  bettering  the  transportation  systems. 

Clarence  Renshaw  j 


P  .  The  article  on  the  Riksgrans  Railway 

~     ,,       ,  .  by  Mr.  H.  L.  Kirker,  in  this  issue  of 

IroUey  Line       ,,       t  •      1        ^, 

^       ...  the   Journal,    is   most    timely.     The 

Construction      ,  ^      ,.        .        .,     , 

line  construction  described  possesses 

features  which  make  it  desirable  from  many  viewpoints. 
The  Swedish  Railroad  Administration  has  spent  a  great 
deal  of  eft'ort  in  engineering  determination  and  in  the 
development  by  actual  test  of  methods  of  construction 
to  be  used  as  standards  for  their  electrification  pro- 
gram. Coal  is  expensive  and  difficult  to  obtain  in 
Sweden,  while  enormous  amounts  of  hydraulic  power 
are  available  for  development  at  moderate  cost,  so  that 
eventually  extensive  electrification  of  the  railway  lines 
is  assured. 

The  effort  of  their  Railroad  Administration  has 
been  to  develop  methods  of  construction  at  low  costs 
with  due  regard  to  continuing  low  costs  of  maintenance. 
The  construction  they  have  in  use  provides  for  constant 
tension  in  the  trolley  wire  irrespective  of  temperature 
conditions,  special  care  being  taken  as  well  to  control 
the  contact  pressure  of  the  collecting  members  of  the 
pantagraphs  on  the  locomotives.  The  universal  prac- 
tice is  to  use  a  pair  of  current  collecting  devices  so  that 
practically  no  deterioration  of  the  trolley  wire  occurs 
in  service  either  through  burning  or  through  abrupt 
bending.  The  mechanical  service  on  the  main  insula- 
tors is  moderate  and  no  excessive  strains  exist  on  the 
overhead  structures  or  wire  network.  As  a  matter  of 
fact,  it  is  almost  reasonable  to  expect  that  the  deteriora- 
tion of  this  trolley  line  will  be  somewhat  on  the  order 
of  that  of  a  transmission  line,  due  to  the  particularly 
favorable  conditions  for  current  collection. 

There  is  much  in  this  Swedish  practice  which  may 
be  used  with  profit  under  American  conditions  and, 
owing  to  the  large  number  of  track  mile  units  involved 
in  extensive  electrification,  methods  which  secure 
economy  either  in  first  cost  or  in  continuing  mainten- 
ance will  be  given  more  and  more  consideration  by 
American  engineers. 

F.  H.  Shepard 
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H.  L.  Kjrker 


A  FEW  days  before  we  left  for  Norway  last 
October  Air.  Franklin,  manager  of  the  Norsk 
Westinghouse  Company,  said  we  would 
visit  the  Riksgrans  single-phase  railway,  up  in 
the  Arctic  Circle,  in  Lapland,  Northern  Sweden.  Mr. 
Franklin  was  over  here  in  connection  with  a  Nor- 
wegian State  Railway  electrification  project,  and  I  had 
been  detailed  to  go  to  Norway  with  him  to  help  lodge 
the  tender  and,  incidentally  while  there,  to  look  into 
railway  electrification  prospects. 

Inasmuch  as  my  passport  read  Norway  only  and 
as   I   rather  expected  to   start  back  in  December,  my 
chances  of  seeing  the  Riksgrans  Railway  were  rather 
scant.     When  I  went  down  to  the  Norwegian  consul's 
office  to  get  my  passport  viseed,  the  day  before  the  boat 
was  due  to  start,  it  looked  for  a  while  as  if  I  would  not 
even  get  to  Norway.     The  consul  balked  on  giving  me 
permission  to  land  in  Norway.     My  passport  did  not 
comply     with     some 
Norwegian       regula- 
tion that  had  just  re- 
cently gone  into    ef- 
fect.    However,  Mr. 
Franklin    took    mat- 
ters in  hand,    talked 
some   vigorous   Nor- 
wegian    and     finally 
got  the  vise  that  en- 
abled   me    to    board 
the    only    passenger 
steamer    running  be- 
tween   America    and 
Norway,  and  to  go  ashore  on  arriving  there. 

We  were  booked  to  embark  September  29.  We 
actually  left  the  dock  Monday  afternoon  October  ist 
and  dropped  anchor  after  we  had  proceeded  a  few 
miles.  We  got  under  way  the  next  afternoon  and  ar- 
rived at  Halifax,  October  4th,  where  we  were  censored 
by  the  naval  officials.  We  left  Halifax  October  8th, 
and  proceeded,  in  the  direction  of  Iceland,  for  the  Nor- 
wegian coast,  north  of  the  barred  zone.  We  passed 
within  sight  of  the  Faroe  Islands  at  sun  rise  October 
15th,  and  were  inside  of  the  Norwegian  three  mile  limit 
just  at  the  northern  edge  of  the  submarine  zone  next 
morning.  We  steamed  down  the  coast  inside  the  three 
mile  limit,  touched  at  Bergen,  missed  any  stray  mines 
that  might  have  been  in  our  route  and  docked  at 
Kristiania,  Norway,  Wednesday  evening  October  17th, 
in  the  rain.  Kristiania  is  60  degrees  North,  the  same 
latitude  as  the  southern  tip  of  Greenland,  but  the  Gulf 
Stream  has  a  moderating  influence  all  along  the  Nor- 
wegian coast. 

I  had  traveled  4000  miles,  but  still  had  more  than 
1300  to  go,  if  I  visited  Riksgransen.  The  sun  was  travel- 
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The  boat  on  which  the  author 


ing  south,  the  days  in  the  northern  latitudes  were  get- 
ting shorter  and  shorter,  likewise  the  mercury  column 
in  the  thermometers.  I  heard  much  of  the  Riksgrans 
Railway.  It  was  regarded  as  standard  construction  by 
the  government  engineers,  and  the  nearer  the  time  of 
my  departure  came  the  more  anxious  I  was  to  see  that 
road.  There  were  delays  in  connection  with  the  Nor- 
wegian tender,  and  finally  it  became  evident  that  I  could 
not  catch  the  December  boat.  My  next  chance  to  re- 
turn was  towards  the  end  of  January.  Mr.  Franklin 
and  I  accordingly  began  to  make  plans  for  a  trip  to 
Riksgransen. 

The  American  consul  general  at  Kristiania  ex- 
tended my  passport  to  include  Sweden,  but  getting  per- 
mission from  the  Swedish  Government  to  enter  Sweden 
was  quite  another  matter.  Aliens  were  not  wanted  un- 
less their  visit  would  be  a  benefit  to  the  Government. 
Fortunately  Mr.  Franklin,  had  previously  lodged  with 

the  Swedish  Govern- 
ment a  tender  for  an 
electric  locomotive 
for  the  Riksgrans. 
This  negotation  was 
still  active  and,  in 
connection  with  it, 
Mr.  Franklin  asked 
permission  for  us  to 
\isit  the  railway. 
Mr.  O  f  v  e  r  h  o  1  m, 
chief  electrical  engi- 
neer of  the  Swedish 
State  Railways,  in 
complying  with  Mr.  Franklin's  request,  stated  that  the 
date  of  our  proposed  visit  corresponded  with  an  inspec- 
tion trip  of  his  to  the  Riksgrans,  and  that  he  would  ac- 
cordingly accompany  us.  Moreover,  the  electrification 
of  the  Norwegian  end  of  the  Riksgrans  road  is  contem- 
plated by  the  Norwegian  government,  and  Mr. 
Schreiner,  chief  electrical  engineer  of  the  Norwegian 
State  Railways,  had  asked  us  to  look  over  the  Nor- 
wegian end  of  the  road.  These  facts  were  submitted  to 
the  Swedish  legation  at  Kristiania,  along  with  appli- 
cation blanks  properly  filled  out  and  accompanied  with 
photographs.  In  due  course  the  legation  was  authorized 
bv  the  Swedish  foreign  office  to  vise  my  passport  for  a 
two  weeks  trip  in  Sweden,  but  only  after  my  passport 
had  been  vised  by  the  Norwegian  officials  to  the  efifect 
that  I  could  re-enter  Norway  from  Sweden.  All  this 
took  time,  as  I  had  to  convince  the  head  of  the  Nor- 
wegian secret  service  of  the  necessity  of  the  trip,  and 
he  in  turn  gave  me  a  memoranduin  to  the  department 
of  justice  where  I  was  interviewed  again  and  finally 
got  a  signed  statement  on  my  passport  to  the  effect 
that  I  could  return  to  Norway  from  Sweden.     Norway 
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like  Sweden  had  no  food  to  spare  on  unnecessary 
aliens.  On  presenting  my  passport  to  the  Swedish  le- 
gation it  was  then  formally  stamped  with  permission 
for  me  to  make  a  two  weeks  trip  in  Sweden,  with  stops 
at  Kiruna  and  Stockholm. 

On  January  4th,  Mr.  Franklin  and  I  left  for 
Stockholm.  We  changed  trains  at  the  frontier.  In  the 
meantime  we  had  been  inspected  by  a  Norwegian  offi- 
cial who  ascertained  that  we  were  taking  no  food  out  of 
Norway,  and  by  a  Swedish  custom  official  who  was 
on  the  look-out  for  dutiable  goods  going  to  Sweden, 
and  finally  by  a  Swedish  officer  who  stamped  our  pass- 
ports and  gave  us  bread  cards  for  one  day  and  told  us 
to  report  to  the  police  department  on  arriving  in  Stock- 
holm. We  arrived  at  Stockholm  next  forenoon  and 
reported  to  the  secret  service  bureau  as  per  instructions. 
About  the  first  question  asked  Mr.  Franklin  was  as  to 
the  whereabouts  of  that  Englishman.  He  meant  me. 
I  was  right  there.  My  passport  was  scanned  and  I  was 
checked  against  the  picture  and  de- 
scription on  it.  The  letter  from 
Engineer  Ofverholm  was  dis- 
played, and  we  were  then  pro- 
nounced "all  right".  We  were 
given  bread  tickets  for  three  days 
and  were  instructed  that  we  were 
to  leave  Stockholm  before  the  end 
of  the  day. 

Having  qualified  with  the 
police  we  called  on  Mr.  Ofverholm, 
chief  electrical  engineer  of  the 
Swedish  State  Railways:  As  per 
arrangements  he  was  expecting 
Mr.  Franklin  and  an  American 
Westinghouse  engineer.  On  being 
presented  to  Mr.  Ofverholm  he 
suggested  that  he  knew  me.  Then 
I  recalled  that  he  and  another 
Swedish  engineer  had  spent  several 
days  with  me  at  the  St.  Clair  Tun- 
nel electrification  on  the  Grand 
Trunk  Railway  in  1908.  Mr.  Ofverholm  said  that,  a 
few  days  previous  to  our  arrival,  the  Government  secret 
service  telephoned  him  asking  him  if  he  knew  an  Ameri- 
can engineer  named  Kirker  who  was  coming  to  call 
on  him.  He  replied  that  he  knew  Kirker  and  that  an 
American  Engineer  was  coming  along  with  Franklin, 
manager  of  the  Norwegian  Westinghouse  Company,  he 
did  not  know  his  name,  but  if  it  was  Kirker  he  was 
safe — let  him  come  along.  It  happened  that  a  few 
hours  before  the  police  called  up,  Mr.  Ofverholm,  on 
looking  through  the  October  issue  of  The  Electric  Jour- 
nal saw  my  picture  in  connection  with  an  article  I  had 
in  that  issue.  Hence  his  remembering  me.  Incidently, 
at  the  time  I  wrote  the  Journal  article  I  told  the  editor 
that  no  author  picture  went  with  my  article.  Never- 
theless, after  I  left  Pittsburgh  last  September,  the, edi- 
tor helped  himself  to  my  passport  negative  at^E^st 
Pittsburgh.  Now  he  claims  that,  had  he  not  published 
the  picture,  I  never  would  have  gotten  to  Riksgransen. 


Mr.  Ofverholm  showed  us  a  working  model  of  the 
Riksgrans  locomotive  and  a  map  of  the  road.  He  also 
indicated  some  of  the  extensions  that  are  on  Sweden's 
electrification  program.  You  will  note  from  the  map 
of  Scandinavia  that  the  line  that  runs  up  from  Stock- 
holm and  on  above  the  head  of  the  Baltic  and  over  into 
Finland  and  Russia,  is  intersected  by  a  line  that  extends 
from  the  north  end  of  the  Baltic  to  the  Atlantic. 
Lulea,  Sweden,  is  the  Baltic  port  and  Narvik,  Norway 
is  the  Atlantic  port.  The  distance  from  port  to  port 
is  293  miles.  Only  24  miles  of  the  road  are  in  Nor- 
way. The  rest  of  it  is  in  Sweden.  An  80  mile  divi- 
sion extending  from  Riksgransen  on  the  Swedish-Nor- 
wegian frontier  to  Kiruna  has  been  electrified.  It  is 
a  15000  volt,  single-phase,  15  cycle  installation,  which 
is  the  Swedish  and  Norwegian  electric  railway  stand- 
ard. The  Riksgrans  electric  service  was  inaugurated  in 
1915,  and  work  is  now  under  way  on  an  extension  of 
the  electrification  from  Kiruna  towards  the  Baltic.  Ul- 
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Engineer  Ofverholm   in   the  middle. 


timately  the  1 5  000  volt  trolley  will  extend  from  the 
Baltic  to  the  Atlantic  and  undoubtedly  in  due  time  south 
to  Stockholm. 

Narvik,  the  Norwegian  terminal,  is  an  ice-free  port 
notwithstanding  its  being  68°  30'  north.  It  is  about 
1000  miles  by  rail  from  Stockholm,  which  itself  is  60 
degrees  N.  Narvik  was  our  ultimate  objective,  and 
Kiruna  the  southern  terminus  of  the  electric  zone  was 
our  immediate  aim.  Kiruna  is  880  miles  from  Stock- 
holm. The  electric  locomotive  shops  are  located  here, 
also  one  of  the  railway  transformer  stations. 

On  the  evening  of  January  5th,  Mr.  Franklin  and  I 
left  Stockholm  in  company  with  Engineer  Ofverholm 
and  his  assistant  Mr.  Warodell.  We  arrived  at  Kiruna 
Monday  noon  January  7th.  Enroute  Engineer  Ofver- 
holm had  explained  to  us  the  details  of  the  trolley  con- 
struction and  of  the  electric  service.  We  also  talked 
about  the  weather.  We  had  expected  the  weather  to 
be  cold,  but  it  exceeded  our  expectations.     We  ascer- 
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tained  that  our  trip  coincided  with  a  Swedish  blizzard. 
Nevertheless,  while  our  steam  road  trip  was  not  a  joy 
ride  and  there  was  no  heat  to  spare  and  food  was  re- 
stricted to  a  narrow  bill  of  fare,  the  ride  was  not  ex- 
actly uncomfortable.  When  we  stepped  on  the  plat- 
form at  Kiruna  at  noon  the  sun  was  just  below  the  sky 
line  of  hills  on  the  southern  horizon.  The  thermometer 
on  the  platform  registered — 2,2,  degrees  C.  We  were 
at  the  beginning  of  the  electrical  zone.  However,  w-e 
were  more  immediately  interested  in  the  railway  hotel. 
Our  train  was  four  hours  late  and  we  had  had  no  break- 
fast. 

While  the  twilight  still  lasted.  Engineer  Ofverholm 
took  us  up  the  line  on  an  electric  locomotive  on  an  in- 
spection trip,  then  to  the  transformer  station,  then  to  the 
locomotive  shops.  After  dinner  we  were  given  an  ex- 
hibition of  the  performance  of  the  locomotive  hauling 
an  ore  train  at  very  low  speed  over  the  track  scales. 
Still  later  in  the  evening  IVIr.  Franklin  and  I,  with  Mr. 
Warodell,  set  out  for  the  Porjus  power  plant,  96  miles 
away  by  rail,  where  we  arrived  late  in  the  forenoon  of 
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FIG.   3 — MAP    OF    NORW.W    AND    SWEDEN 

Showing  electrified  section  of  the  Riksgrans  Railway  between 
Riksgransen  and  Kiruna. 

the  next  day.  The  railway  gets  its  power  from  the 
Porjus  plant  which  is  at  the  end  of  a  stub  line  that 
leaves  the  main  line  63  miles  south  of  Kiruna. 

Steam  railroading  was  rather  difficult  on  account 
of  engine  trouble  due  to  low  temperature  and  on  ac- 
count of  hot  boxes  due  to  poor  oil.  The  temperature 
was  low  at  Porjus.  The  engineer  in  charge  of  the 
power  plant  said  that  the  minimum  thermometer  regis- 
tered— 50  degrees  C.  the  previous  night.  We  did  not 
put  in  much  time  inspecting  the  dam.  The  power  plant 
itself  was  warm  enough.  The  dynamo  room,  like  tliat 
of  Snoquahnie  plant  in  the  state  of  Washington,  is  an 
excavation  in  the  rock  below  the  falls.  The  installed 
capacity  of  the  plant  is  50000  horse-power  in  12000 
horse-power  units.  The  railway  power  is  generated  at 
4000  volts,  single-phase,  15  cycles  and  is  transmitted  at 
80  000  volts  single-phase.* 


♦The  power  plant  and  the  transmission  line  and  the  elec- 
tric railway  have  been  described  in  the  technical  press.  _A  very 
complete  illustrated  description  of  the  whole  electrical  installa- 
tion, power  plant,  transmission  line  and  railway  has  been  pub- 
lished by  the  AUmanna  Svenska  Electric  Company  which  com- 
pany built  most  of  the  electrical  equipment. 


The  15  000  volt  trolley  with  its  automatic  slack  ad- 
juster was  the  part  of  the  installation  in  which  we  were 
especially  interested.  We  did  not  tarry  long  at  Porjus 
but  through  the  courtesy  of  our  railway  friends  were 
able  to  reach  Kiruna  on  the  evening  of  the  8th,  where 
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FIG.    4 — I'OWER    lIOrSE    AT    PORJUS 

we  got  a  good  night's  sleep  in  the  railway  hotel.  We 
had  had  two  hours  in  a  hotel  the  night  before.  The 
previous  three  nights  had  been  spent  in  sleepers  where 
we  had  re-enforced  the  blankets  with  rugs,  overcoats 
and  newspapers.  The  railway  hotel  at  Kiruna  is  an  ex- 
cellent one.  Among  other  things  we  had  there  was 
real  butter — thanks  to  Engineer  Ofverholm  and  to  En- 
gineer Bildt  of  the  Kiruna  mines.  We  were  also  sup- 
plied with  bread  tickets  for  the  duration  of  our  trip. 

The  next  day  Mr.  Franklin  and  I  rode  in  the  front 
end  of  an  electric  passenger  locomotive,  in  company 
with  Mr.  Ofverholm  and  Mr.  Warodell,  over  the 
entire  electric  zone.  We  left  Kiruna  at  11  A.  M. 
with  only  a  glittering  evidence  of  the  sun's  presence  be- 
low the  southern  horizon.  The  colors  were  as  brilliant 
and  as  varied  as  those  we  had  seen  at  the  Faroe  Is- 
lands. The  sun  was  not  visible  during  the  trip,  but 
there  was  plenty  of  light.     Occasionally  we  would  get 
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a  red  glow  on  the  south  side  of  some  of  the  taller  peaks. 
Snow  blanketed  the  entire  landscape.  We  passed 
through  several  snow  flurries.  On  the  whole,  however, 
we  had  a  fine  view  of  the  trolley  construction  in  all 
its    phases.     We    saw    it    on    tangents    and    curves,    at 
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stations  and  yards  and  in  tunnels  and  snow  sheds.     We 
were  impressed  with  its  hghtness  and  simphcity. 

Lattice  steel  poles  are  used.  They  are  set  in  con- 
crete to  the  depth  of  about  two  meters  and  range  from 
8  to   II    meters   in  length.     A  ten  meter  pole   weighs 

266  kg.  The  poles  are 
usually  set  on  the  outside 
of  curves.  The  spacing 
on  tangents  is  52.5  meters. 
There  is  not  an  anchor  rod 
nor  a  guy  cable  on  the  en- 
tire system.  The  bracket 
arm  construction  is  hinged 
ike  a  gate  for  swinging  in 


both  trolley  and  messenger.  The  spacing  between 
hangers  on  tangents  is  17.5  meters.  The  linked  hanger 
at  the  brackets  is  1400  m.m.  long  and  the  solid  inter- 
mediate hangers  are  200  m.m.  long.  The  upward  pres- 
sure of  the  pantagraph  bow  on  the  trolley  wire  is  about 
7  kg. 

The  messenger  is  stranded  copper  of  50  sq.  m.m. 
section.  The  trolley  is  grooved  copper  of  80  sq.  m.m. 
section.  The  hangers  are  copper.  The  fittings  are 
bronze.  The  bracket  arm  tubes  and  fittings  are  gal- 
vanized. 

The  messenger  cable  is  drawn  up  to  a  tension  of 
5.6  kg.  per  sq.  m.m.  or  280  kg.  for  the  50  sq.  m.m.  mes- 
senger.    The  trolley  is  drawn  up  to  a  tension  of  8  kg. 


FIG.    6 — ST.\ND.ARD   TROLLEY    POLE 
AND    BR.\CKET    CONSTRUCTION 


FIG.   8 — STANDARD    TROLLEY    WIRE    SUSPENSION 

On  Tangent   (upper)   and  at  Station   (lower). 


the  horizontal  direction.  The  insulators  are  carried  on 
brackets  at  the  pole.  The  insulator  pins  are  the  pivots 
on  which  the  bracket  arms  swing.  The  fact  that  the 
insulators  are  at  the  side  of  the  track  away  from  the 
blast  from  the  steam  locomotive  stacks  is  a  factor  of 
safety  when  steam  and  electric  locomotives  use  the 
same  track. 


per  sq.  m.m.  or  640  kg.  for  the  80  sq.  m.m.  trolley.  The 
trolley  hangs  practically  level.  From  personal  inspec- 
tion I  found  it  to  be  slightly  higher  between  brackets 
than  at  the  brackets.  The  combined  tension  of  trolley 
and  messenger  is  920  kg. 

The  cross-section  of  the  messenger  is  smaller  than 
the  cross-section  of  the  trollev.     This  is  one  of  the  fea- 


^ 


^Z- 


FIG.    7 — SECTION    OF    FOUR-TRACK    CONSTRUCTION 

NVith  extra  side  bracket  for  fifth  track.     A  side  view  of  this  construction  is  shown  in  Fig.  8. 


The  trolley  hanger  at  the  bracket  is  linked  at  the 
middle,  and  the  lower  bracket  arm  can  swing  in  the 
vertical  direction.  This  arrangement  gives  an  elastic 
support  at  the  bracket  and  allows  a  slight  upward  move- 
ment at  the  trolley  wire  when  the  pantagraph  bow 
passes  under  the  bracket.  There  are  but  two  interme- 
diate hangers  and  they  are  solid  and  clamped  rigidly  to 


tures  of  the  installation.  The  idea  is  to  minimize  the 
trolley  deflection  due  to  wind  pressure,  by  restricting  the 
messenger  swing.  A  long  span  of  big  messenger  cable 
presents  a  considerable  amount  of  surface  for  side  wind 
pressure.  The  bigger  the  messenger  the  greater  the 
side  swing  will  be.  The  swinging  messenger  neces- 
sarily carries  the  trolley  with  it.     If  the  messenger  had 
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no  side  swing  the  trolley  deflection  due  to  wind  pres- 
sure would  be  small ;  it  would  be  limited  by  the  trolley 
hangers.  With  a  small  messenger  and  a  big  trolley 
wire  the  side  pressure  comes  mainly  on  the  trolley  wire. 
Moreover  the  gravity  pull  of  the  trolley  wire  is  rela- 
tively big.  The  net  result  therefore  is  that  the  com- 
bined side  swing  of  messenger  and  trolley  is  small. 


FIG.    9 — LINE    CONSTRUCTION    IN    RAILWAY    YARD 

Another  feature  of  the  installation  is  the  use  of 
copper  for  both  messenger  and  trolley.  This  arrange- 
ment simplifies  the  automatic  slack  adjustment  problem. 
Automatic  slack  adjustment  is  indispensable  on  a  road 
subject  to  the  temperature  variations  that  obtain  on  the 
Riksgrans.  This  is  especially  true  as  regards  the  daily 
variations  that  occur  during  the  summer  months.  The 
Swedish  Engineers  have  evolved  a  simple  and  satis- 
factory automatic  slack  adjuster.  It  is  based  on  the 
use  of  copper  messenger  and  trolley,  swinging  bracket 
arms,  short  sections  in  both  messenger  and  trolley  with 
air  section  brakes,  and  a  dead  end  anchor  weight  at 
each  end  of  each  section.  The  normal  length  of  a  sec- 
tion is  1365  meters  on  tangents. 

The  trolley  and  messenger  terminate  at  a  common 
strain  insulator,  and  the  strain  insulator  is  attached  to 
a  chain  that  carries  the  anchor  weight.  The  chain  is 
dead  ended  at  the  first  trolley  pole  beyond  the  air  sec- 
tion brake.  The  arrangement  of  the  pulleys  is  such 
that  the  travel  of  the  weight  is  twice  that  of  the  amount 


middle  of  each  trolley  section.  The  object  of  this 
double  bracket  is  to  localize  the  slack  to  a  half  section 
in  the  event  of  a  trolley  or  messenger  failure.  A  break 
on  either  side  of  the  double  bracket  will  allow  the 
double  bracket  to  swing  a  few  degrees  in  the  other  di- 
rection before  equilibrium  is  attained,  after  which  the 
double  bracket  acts  as  a  temporary  anchor  and  keeps  the 
trolley  over  the  track  in  the  half  section  opposite  the 
break. 

Double  track  is  cared  for  by  single  poles  carrying 
brackets    on    two    sides.     For    three    or    more    tracks 


[oD 


FIG.     II- 


-TYI'ICAL    POLE    AND     STRAIN     IN- 
SULATORS 


bridges  are  used.  The  bridges  are  of 
light  and  simple  construction.  Trolley 
poles  are  used  for  bridge  columns. 
The  trusses  are  a  development  of  the 
"Mechano"  toy  construction.  The 
bracket  arrangement  on  bridges  is  slightly  differ- 
ent from  the  pole  brackets.  The  hinged  principle 
is  retained,  but  the  trolley  pull  off  is  the  only 
member  that  is  insulated.  Strain  insulators  are  cut  in- 
to the  messenger  cable  on  either  side  of  the  messenger 
arms  and  there  are  two  hangers,  one  at  each  strain  in- 
sulator, on  the  live  side  of  the  messenger  cable.  This 
arrangement  will  probably  be  modified  in  future  in- 
stallations by  carrying  the  messenger  over  the  bridge  on 
a  roller  insulator,  which  arrangement  will  avoid  cutting 
the  messenger  at  bridges  and  eliminate  the  two  strain 
insulators  that  the  present  construction  necessitates  at 
the  bridge.  A  three-track,  15  meter  truss  weighs  800 
kg.  A  30  meter  truss  weighs  1000  kg.  The  maximum 
span  without  intermediate  support  is  six  tracks.  The 
standard  arrangement  is  to  use  the  trolley  poles  or 
bridge  columns  for  dead  ends. 

In  yards  and  at  stations  where  the  trolley  section 
approximates  the  length  of  the  standard  section,  the 
automatic  slack  adjuster  is  used  at  each  end.  On  the 
shorter  sections  the  automatic  slack  adjuster  is  applied 
at  one  end  of  the  section  only.  The  short  length  of 
the  standard  section,  1365  meters,  the  use  of  deep  sags 
in  the  messenger  cable,  and  the  use  of  copper  in  both 
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FIG.    10 — DIAGRAM    OF    SECTIONS    BETWEEN    TWO    SLACK    ADJUSTEHS 


of  slack  it  controls.  The  anchor  weighs  460  kg.,  which 
is  half  the  combined  tension  of  the  trolley  and  messen- 
ger. I  understand  that  the  maximum  travel  of  the  an- 
chor weight  on  the  Riksgrans  slack  adjuster  is  approxi- 
mately one  meter.  There  are  necessarily  two  trolley 
poles  at  the  air  section  brake.  A  bridging  switch  pre- 
serves the  continuity  of  the  trollev  circuit. 

There  is  a  double  bracket  arranged  in   V  at  the 


messenger  and  trolley  and  the  use  of  automatic  slack 
adjusters  enable  the  light  bridge  construction  to  be 
used.  This  light  construction,  with  moderate  tension 
on  the  trolley  and  messenger,  coupled  with  the  fact  that 
the  poles  and  columns  are  set  in  concrete  with  a  depth 
of  about  two  meters  enables  anchor  rods  and  cables  to 
be  entirely  dispensed  with.  The  use  of  light  lattice  poles 
and  the  absence  of  anchor  rods  offers  minimum  of  ob- 
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struction  to  the  view  ahead  of  the  locomotive,  which  is 
a  desirable  operating  condition. 

The  average  cost  of  tlie  trolley  construction  erected 
in  1912  and  1913  was  approximately  $2000  per  kilo- 
meter exclusive  of  track  bonds  and  track  transformers. 


FIG.    12 — TYPICAL    TliOLLEY    WIRE    SUSPENSION    IN    A    TUNNEL 

It  v/as  a  contract  job  and,  notwithstanding  the  low  price 
that  obtained  at  that  time  for  steel,  copper  and  labor 
it  is  probable  that  the  contractor  made  no  profit  on  the 
job. 

The  electric  service  was  inaugurated  on  the  Riks- 
grans  in  1915  and,  according  to  all  indications  and  to 
all   reports,  it  is  a   success.     The  trolley   construction 


FIG.    13— TYPICAL  TROLLEY   WIRE   SUSPENSION   IN  A   SNOW  SHED 


with  its  automatic  slack  adjuster  is  the  especially  inter- 
esting part  of  the  installation.  The  maintenance  of 
the  overhead  construction  is  said  to  be  very  small.  I 
saw  no  evidence  of  wear  on  the  trolley  wire.  This  is 
due  on  part  to  the  pantagraph  shoes,  made  up  of  ninety 


percent  aluminum  and  ten  percent  copper.  Arcing  that 
might  result  from  the  collection  of  heavy  currents  is 
minimized  by  the  standard  practice  of  using  both  panta- 
graphs  on  the  locomotive.  There  are  in  all  21  elec- 
tric locomotives.  Engineer  Ofverholm  had  told  me 
about  the  pantagraph  shoes  and  automatic  slack  ad- 
juster when  he  visited  the  St.  Clair  tunnel  in  1908. 
The  slack  adjuster  idea  did  not  appeal  to  me 
strongly  at  that  time.  However,  I  found  that  three 
years  of  service  on  the  Riksgrans  had  demonstrated 
that  it  meets  the  requirements  under  the  temperature 
conditions  that  obtain  in  northern  Sweden.  The  Riks- 
grans automatic  slack  adjuster  is  a  simple  means  of 
caring  for  a  very  annoying  trolley  problem. 

The  electric  service  on  the  Riksgrans  is  more  popu- 
lar than  the  steam  service,  especially  in  the  winter  when 
the  superiority  of  the  electric  over  steam  locomotives 
is   most   pronounced.       When   our  electric   locomotive 


FIG.      14 — SINGLE     SLACK 
ADJUSTER    FOR    TROLLEY 


FIG.      15 — COUNTER     WEIGHTS 
FOR  EQUALIZING   STRAINS 


picked  up  the  train  at  Kiruna  the  train  was  late.  En- 
gineer Ofverholm  cheerfully  assured  us  that  the  train 
would  make  up  time  in  the  electric  zone.  We  did.  We 
arrived  at  Riksgransen,  the  northern  terminus  of  the 
electric  zone  at  i  :43  P.  M.,  where  a  Norwegian  steam 
locomotive  was  substituted  for  the  electric.  Riks- 
gransen is  about  68  degrees  N.  and  approximately  1700 
ft.  above  sea  level.  The  way  the  wind  blew  the 
powdered  glass  brand  of  snow  along  the  station  plat- 
form was  harsh.  Changing  locomotives  here  in  the 
winter  does  not  increase  the  popularity  of  the  steam 
service  with  the  railway  men.  We  did  not  remain  long 
on  the  platform  but  got  something  to  eat,  qualified  with 
the  custom  house  officers  and  boarded  the  coach  for 
Narvik,  the  Norwegian  port  on  the  Atlantic,  which  is 
only  24  miles  from  Riksgransen  by  rail  but  more  than 
that  by  climate.     Its  temperature  was  not  much  bflow 
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freezing.  As  already  stated,  it  is  an  ice-free  port.  We 
arrived  at  Narvik  at  3 :30  P.  M.,  after  dark.  My  pass- 
port was  again  scanned  and  stamped.  Narvik  being 
at  sea  level  on  an  east  and  west  fjord  has  long  winter 
nights.  Its  first  sun  rise  is  sometime  in  February.  Some 
one  suggested  that  we  go  by  boat  from  Narvik  to  Ber- 
gen, then  by  train  from  Bergen  to  Kristiania.  A  trij) 
down  the  choppy  Norwegian  coast  in  a  small  passenger 
steamer  in  January  did  not  appeal  to  us.  The  sugges- 
tion was  quickly  disposed  of.  We  never  had  any  in- 
tention of  returning  by  any  other  route  than  the  one  by 
which  we  came. 

We  left  Narvik  about  6  P.  M.  on  January  9th.  At 
Riksgransen  we  passed  through  the  custom  house  again, 
and  an  electric  locomotive  was  substituted  for  the 
steam  one.  At  Kiruna,  Engineer  Ofverholm  joined 
us  and  traveled  with  us  to  Stockholm  where  we  arrived 
on  January  nth,  after  48  hours  of  travel  from  Narvik. 
Engineer  Ofverholm  expects  to  see  the  day  when  elec- 
tric locomotives  will  haul  passenger  trains  all  the  way 


had  several  displays  of  northern  lights.     My  passport 
was  cancelled  at  the  New  York  dock  but  I  was  allowed 


FIG.    16 — DOUBLE-SLACK 
-ADJUSTER 

between  Narvik  and  Stockholm  and  make  the  run  in 
about  half  the  time  that  we  took  on  our  return  trip. 

Enroute  and  later  at  his  office,  Engineer  Ofverholm 
supplemented  the  data  he  had  already  given  us  on  the 
Riksgrans.  The  hinge  trolley  construction  with  its 
automatic  slack  adjuster  was  arrived  at  by  the  Swedish 
engineers  after  deliberate  study  and  trial  of  numerous 
arrangements.  It  is  the  Swedish  Government  stand- 
ard and  is  regarded  favorably  in  Norway.  As  it  be- 
comes more  generally  known  it  will  undoubtedly  be  ap- 
plied in  other  countries.  It  is  especially  adapted  to 
steam  railway  main  line  electrification  projects. 

My  passport  was  stamped  again  at  the  frontier  and 
had  to  be  viseed  by  the  American  Consul  at  Kristiania 
before  I  could  board  the  boat  for  New  York.  On  the 
return  trip  we  made  the  run  from  Kristiania  to  New 
York  in  eleven  days.  The  passage  was  without  in- 
cident.    We  met  one  steamer,  a  tramp  freighter,  and 


FIG.    17 — AN'CHOR    HALF    WAY    BETWEEN    SLACK    ADJUSTERS 

to  retain  it  as  a  souvenir.     In  due  course  the  data  I 
brought  back  with  me  was  passed  through  the  cusiom 


FIG.    18 — SECTION    BREAK    AND    BRIDGING    SWITCH 

house,  and  thanks  to  my  Scandinavian  friends  I  am  able 
to  give  the  foregoing  description  of  the  Riksgrans  trol- 
ley construction. 


A  .iVlovloiMi  Moi:oi'-i>rivo.ii  ^imo  Plxal 


A.    E.    TUUESIIKI.L 

THE  VERMONT  Marble  Company  has  for  years 
been  carrying  on  the  largest  marble  quarrying 
operations  in  the  world  and,  while  a  vast  amount 
of  valuable  stone  has  been  taken  from  the  quarries, 
there  has  also  been  a  large  amount  of  waste,  consisting 
principally  of  small  and  unsound  blocks.  While  some 
of  this  waste  has  been  used  for  crushed  stone,  etc.,  there 
was  still  a  large  amount  of  it  to  be  disposed  of.  Nearly 
three  years  ago,  experiments  were  made  on  different 
grades  of  marble  to  determine  what  grade  of  lime  could 
be  obtained  by  burning  this  marble.  The  tests  showed 
up  so  well  that  it  was  decided  to  build  a  modern,  well- 
equipped  lime  plant.  As  a  result,  work  was  begun  in 
the  summer  of  1915  on  a  plant,  designed  by  the  Fuller 
Engineering  Company  and  erected  largely  under  their 
direction,  and  in  the  early  spring  of  1916  the  first  lime 
was  produced. 

The  plant  is  located  near  the  extensive  West  Rutland 
quarries  and  sidings  run  on  both  sides  of  the  plant,  so 
that  coal  and  waste  marble  can  be  brought  in,  as  well  as 
the  finished  product  taken  out.     The  main  building  is  of 


and  C.  T.  Maynard 

maintaining  two  power  lines  which  are  normally  in 
phase  but  may  be  fed  from  either  of  two  entirely  differ- 
ent power  systems,  if  one  line  or  system  is  out  of  ser- 
vice. 

Direct  current  for  the  25  ton  traveling  crane  is  fur- 
nished from  a  230  volt  motor-driven  generator  at  the 
main  West  Rutland  substation,  nearly  one  half  mile 
south  of  the  lime  plant.  All  motors,  except  those  for 
the  crane,  are  440  volt,  three  phase,  60  cycle  induction 
type.  Lights  for  the  plant  are  furnished  by  a  460  volt 
to  115  volt  lighting  transformer. 

The  plant  and  its  operations  can  best  be  understood 
by  following  the  product  through  from  the  time  the 
stone  is  delivered  to  the  plant  on  flat  cars  loaded  with 
waste  marble  from  the  nearby  quarries  and  blockpile. 

CRUSHING  DEPARTMENT 

The  material  comes  to  the  plant  in  miscellaneous 
sizes  and  if  over  12  inches  in  thickness  is  handled  by 
slings  and  crane  into  the  60  by  48  jaw  crusher.  From 
the  jaw  crusher  it  passes  by  gravity  with  sizes  below  12 


Fin.    I — VIEW   OF   LIME    PLANT   OF  THE   VERMONT    MAKISLF,    CO.MPANY 

steel,  420  feet  long  and  40  feet  wide.    A  producer  house,  inches  through  a  No.  6  McCully  gyratory  crusher,  set 

80  by  30  ft.,  lies  just  east  of  the  main  building  and  the  to  reduce  down  to  two  inches  and  less.     The  material 

office,  coopers'  shop,  and  transformer  station  are  just  is  then  elevated  and  screened.     The  screen  rejection  is 

west  of  the  main  building.  run  through  a  set  of  36  by  16  Superior  rolls,  to  reduce 

Power  is  brought  from  the  Vermont  Marble  Com-  '*  '°  °'^^  ^^^^^  '"^'^  thickness  or  less.     All  the  material 

pany's  transmission  system,  to  the  25  by  35  ft.  trans-  '^  ^^^^  elevated  and  conveyed  into  storage  or  kiln  bins, 

former  station,  built  of  waste  marble,  over  two  1 1  000  whence  it  can  be  drawn  as  desired, 
volt,   three   phase,  60  cycle   lines,   where   it   is   stepped  ^'^'*  department  has  eight  motors  of  272  hp  total 

down  to  460  volts  by  three  200  k.v.a.  self-cooled  trans-  ^""^  ^^"  reduce  25  tons  of  stone  per  hour  from  blocks  of 

formers.     These  two  11  000  volt  lines  are  normally  in  ^^o  cubic  feet  to  stone  one  half  inch  thickness  and  less, 
phase,  so  that  the  bank  of  transformers  can  be  shifted  motor  on  horse-power 

from  one  line  to  the  other  without  any  interruption  of  ^LrytrusheV -.V Z 

service.     1  his  arrangement  was  necessary  to  avoid  shut  No.  i  elevator  7.5 

down  of  the  plant  when  it  was  necessaiy  to  change  in-  |"i[g^" ' • •  •    7^5 

sulators  or  make  repairs  to  either  line.     The  transform-  No.  2  'elevator' '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.'.'.'.'.'.'.'.'.  10 

ers  are  of  large  enough  capacity  so  that  two  connected  No"T  dev'ator ^ 

in  open  delta  will  not  be  seriously  overloaded  at  any  '      ^  ^"^    "'^  •"    ^'^ 

time.     The  fact  that  power  must  not  be  off  for  more  ^°'^'  272.5 

than  a  few  minutes,  owing  to  the  liability  of  warping  the  burning  department 

large  revolving  kiln,  necessitated  the  extra  precaution  of  The  crushed  stone  is  fed  automatically  from  the 
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kiln  bin  into  the  kiln  by  a  cradle  feeder.  The  kiln  is 
after  the  familiar  cement  design,  eight  feet  in  diameter, 
1 20  ft.  lonj,',  installed  with  a  four  percent  pitch.  It  is 
belt  driven  by  a  30  hp  variable  speed  motor,  geared  to 
give  ten  speeds  from  0.5  to  1.5  r.p.m.,  as  desired. 


FIG.    2 — GENER.^L    VILW    Oi'    KILX 

A  second  kiln  will  be  installed  at  the  right  of  the  one  shown. 
Producer  gas  is  introduced  through  a  flue  into  the 
lower  end  of  the  kiln  and  in  burning  furnishes  the  heat 
for  calcining  the  stone  as  it  gradually  rolls  through  the 
revolving  kiln.  A  temperature  of  2200  degrees  F.  is 
maintained  in  kiln,  which  drives  off  the  CO2  from  the 
stone,  leaving  the  quicklime.  The  hot  lime  drops 
from  the  lower  end  of  the  kiln  into  a  revolving  cylinder, 
in  passing  through  which  it  is  cooled  by  the  draft  of  air 
on  its  way  into  the  kiln  to  support  combustion. 
The  cooled  lime  is  elevated  from  the  discharge  of  the 
cooler  and  after  screening  is  deposited  into  large  storage 
bins. 

The  producer  gas  is  made  as  used  in  a  10  foot  Chap- 
man mechanical  gas  producer  from  Pennsylvania  gas 
coal.  The  coal  is  discharged  from  hopper  bottomed 
cars  through  a  coal  crusher  by  conveyor  and  elevator  in- 


FIG.   3 — KILN    DRIVEN    BV    30    HP,    720    R.P.M.    MOTOR 

to  a  large  storage  bin,  or  into  the  producer  bin.  From 
the  producer  bin  it  is  fed  as  needed  by  the  attendant. 
The  producer  is  blown  by  a  steam  jet,  resulting  in  a 
lean  gas,  containing  over  50  percent  nitrogen,  which  in 
burning  gives  a  mellow  flame.     The  gas  is  conveyed  into 


the  kiln  by  a  heavy  brick  lined  flue  having  suitable  open- 
ings for  cleaning.  Producer  gas  is  used  as  it  gives  a 
long  flame  of  comparatively  low  temperature  and  of 
considerable  volume.  The  use  of  gas  is  preferable  to 
coal  where  a  clean  lime  is  desired. 


FIG.   4 — BAGGER    0PER-\TED    BY    I5    HP    INDUCTION    MOTOR 

The  kiln  operation  is  checked  by  a  Bristol  record- 
ing tachometer,  as  to  speed  and  output,  while  the  quality 
iS  recorded  by  a  Truesdell  automatic  sampler.  This  de- 
partment has  nine  motors  and  produces  60  tons  of  lime 
per  24  hour  day. 

MOTOR   ON  HORSE-POWER 

Coal   crusher    10 

Bin  conveyor   5 

Coal  elevator    7-S 

Producer  conveyor  5 

Producer  drive   S 

Kiln • 30 

Dust  conveyor    S 

Cooler • 10 

Lime  elevator    10 

Total   87-5 

HYDRATING  DEPARTMENT 

From  one  of  the  storage  bins  containing  CaO,  lime 
is  automatically  drawn  for  hydrate  manufacturing.  The 


FIG.    5 — FINE    PUL\EKIZ1NG    .MILLS 

Driven  by  two  S  hp,  1800  r.p.m.  motors. 
Kritzer  process  is  used  which  essentially  is  mechanical 
stirring  of  the  mixture  of  lime  and  water  through  75 
feet  of  24  inch  piping.  If  the  proportions  of  lime  and 
water  are  correct,  the  dry,  fluflfy,  white  powder  of 
CaO.H„  results  at  the  end  of  the  stirring  tube.     As  this 
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powder  may  contain  some  grit  or  other  impurities,  it  is 
air  separated  by  means  of  Raymond  mills,  cyclones,  and 
canvas  tubes  into  Vermarco  hydrate  and  Superfine  hy- 
drate, while  the  impurities  are  rejected.  Some  idea  of 
the  fineness  of  the  hydrate  may  be  had  from  the  state- 
ment that  less  than  six  percent  is  retained  on  a  200  mesh 
screen,  while  the  Superfine  is  still  finer.  This  material 
is  packed  into  paper  bags  by  a  Bates  bagging  machine. 
This  department  has  six  motors  and  can  produce  4  to  5 
tons  of  hydrated  lime  per  hour. 


MISCEU-ANEOUS    MOTORS  HORSE-POWER 

Air  Compressor  'S 

Pump  in  Cooler  Pit  3 

Pump  in  Quarry  Pit   ^ 

Barrel  Elevator   2 


MOTOR  ON 
Hydrator 


HORSE-POWER 

15 

••■  5 

5 

20 

20 

15 


Raymond   mill '  ■ 

Raymond  mill    

Separating  fan   

Separating  fan   

Bagging  Machine   • ••• 

Total  80 

Besides  the  equipment  described,  the  plant  has  a 
cooper  shop  with  a  capacity  of  500  barrels  per  day. 
Barrels  are  delivered  into  the  kiln  building  automatic- 
ally as  needed  by  a  barrel  elevator  and  run.  The  ele- 
vator is  run  by  a  two  hp  motor.  Storage  buildings  and 
shed  for  care  of  machinery  parts,  barrel  stock,  barrels, 
tools,  etc.,  complete  the  layout. 


Total  22 

There  are  in  the  plant  27  induction  motors  with  a 
total  horse-power  rating  of  462  and  three  direct-current 
series  motors  on  the  crane  with  a  total  of  55  horse- 
power. The  induction  motors  are  squirrel-cage  type  ex- 
cept the  150  hp  jaw  crusher  and  the  30  hp  kiln  motors, 
these  two  being  of  the  wound-secondary  type,  the 
crusher  motor  for  starting  duty  and  the  kiln  motor  for 
continuous  running  at  any  point  between  one  third  and 
full  speed.  The  plant  uses  between  25  000  and  30  000 
kw-hrs.  per  month. 

As  the  raw  material  is  of  exceptional.purity,  the 
lime  manufactured  is  of  high  grade.  Unlike  the  usual 
lump  lime,  so  familiar  to  all,  it  is  granular  like  sugar 
and  since  it  is  burned  at  a  comparatively  low  tempera- 
ture, it  slakes  very  rapidly,  so  quickly  in  fact  that  it  is 
advisable  to  stir  the  lime  into  the  mixing  water  in  order 
to  keep  the  slaking  temperature  reasonable.  In  the 
market  it  is  ver\'  favorably  known  on  account  of  its 
smooth  working  putty,  whiteness,  and  causticity. 


Tho  Woy; 


4  )i:h  Stroll  SiilsMlon 
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Roy  R.  Kime 

New  York  District  Office 

Westinghouse   Electric  &  Mfg.   Company 


AS  a  general  rule  substations  are  located  in  out-of- 
the-way  places   where   few   restrictions  hamper 
their  design.     Of  special   interest,  therefore,   is 
the  new  45th  street  substation  of  the  United  Electric 
Light  &  Power  Co.  because  of  the  unusual  conditions 
which  had  to  be  met  in  its  construction  and  arrange- 
ment.    This   substation   serves  the  area  between  27th 
and  82nd  St.,  and  the  Hudson  and  East  Rivers,  a  dis- 
trict that  is  thoroughly  built  up  and  inhabited  by  hun- 
dreds of  thousands  of  people.     In  order  to  place  it  near 
the  center  of  load,  it    was    necessary   to    select    a    site 
among  residences  where  real  estate  values  are  very  high 
and  where  quiet  operation  and  freedom  from  vibration 
are  essential. 

On  approaching  the  station  one  is  immediately 
struck  by  two  peculiarities,  both  of  which  are  due  to 
the  exigencies  of  its  situation.  One  is  the  narrowness 
of  the  structure  and  the  other  the  space  that  has  been 
left  between  each  side  wall  and  the  adjoining  building, 
as  shown  in  Fig.  i.  The  building  is  narrow  because  it 
is  confined  to  a  plot  intended  for  a  single  moderate-sized 
dwelling.  The  dimensions  of  the  floor  plan  are  24  by 
100  feet,  which  is  a  very  cramped  space  for  a  building 
that  will  ultimately  contain  12  500  k.v.a.  of  electrical 
apparatus.  Yet,  as  can  be  seen  from  the  illustrations  the 
interior,  though  conspicuously  constricted,  is  in  no  sense 
crowded.     Careful    designing    and    the    utilization    of 


every  single  cubic  inch  of  space  were,  however,  required 
to  obtain  this  result.  The  floors  and  walls  consist  in 
reality  mainly  of  cables,  conduits  and  pull  boxes;  and 
some  of  the  apparatus  installed  had  to  be  specially  de- 
signed in  order  to  take  up  a  minimum  amount  of  room. 
The  capacity  is  ten  kilowatts  per  cubic  foot,  which  is 
about  double  the  usual  concentration. 

The  space  between  the  walls  of  the  station  and  the 
adjoining  houses  is  one  of  several  precautions  that  have 
been  taken  to  avoid  disturbing  the  neighbors  with  noise 
and  vibration.  It  was  decided  that  an  air  space  would 
be  preferable  to  the  use  of  deadening  material,  to  retain 
the  noise  within  the  building;  and  in  order  to  guard 
against  contact  at  any  point,  aprons  were  carried  along 
as  the  brick  work  progressed,  which  established  the 
proper  distance  between  the  walls  and  kept  out  pieces 
of  brick,  mortar  and  other  material  that  might  have 
fallen  down  the  openings. 

Every  effort  was  also  made  to  eliminate  noise  at 
its  source.  All  rotating  apparatus  was  arranged  to  op- 
erate as  quietly  as  possible,  and  in  addition,  sound  insu- 
lators consisting  of  alternate  layers  of  cork  and  sheet 
iron  were  placed  under  the  transformers,  induction  reg- 
ulators and  synchronous  condenser.  The  condenser, 
being  the  machine  most  likely  to  cause  disturbances, 
was  mounted  on  a  foundation  that  extends  to  bed  rock 
and  is  in  no  way  connected  with  the  rest  of  the  building, 
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thus  preventing  the  vibrations  of  this  machine  from  be- 
ing transmitted  to  and  magnified  by  the  steel  frame 
work. 

As  an  illustration  of  what  the  Company  had  to  con- 
tend with,  it  may  be  mentioned  that  when  the  station 
was  first  placed  in  operation,  before  all  the  refinements 
were  perfected,  the  neighbors  on  both  sides  promptly 
threatened  to  move  out.  Since  the  completion  of  the 
work,  however,  no  serious  complaints  have  been  re- 
ceived. 

LAYOUT  OF  THE  STATION 

The  building,  which  is  46  feet  high  above  the  side- 
walk, has  three  floors  and  a  basement.  On  the  main 
floor  are  the  switchboard  and  its  operation  desk,  the 
main  transformers,  the  induction  feeder  regulators,  a 
synchronous  condenser,  and  a  motor-generator  set.     On 


FIL..    I-     451 H    SI  KELT    SUIiSlAllON 

Of  the  United  Electric  Light  &  Power  Co.^  New  York. 
Note  the  sound-deadening  clearances  between  the  substation 
and  the  adjoining  buildings. 

the  two  upper  floors  are  the  oil  circuit  breakers  with 
their  accessories  and  the  busbars.  In  the  basement  are 
vaults  containing  the  connections  for  the  apparatus  on 
the  main  floor,  the  motor-driven  blowers  for  ventilating 
the  transformers  and  regulators  and  an  air  washer. 

At  present,  the  station  has  three  75CX)  volt  incoming 
feeders  and  ten  3000  volt  outgoing  feeders,  but  is  de- 
signed for  an  ultimate  capacity  of  five  incoming  and 
twenty  outgoing  feeders.  Arrangements  have  also  been 
made  to  raise  the  incoming  voltage  to  15  000  in  the  fu- 
ture, and  all  high-tension  apparatus  is  insulated  for  this 
higher  voltage  and  all  the  transformers  are  provided 
with  taps  so  that  the  change-over  can  be  made  with  little 


trouble  and  with  no  additions  to  the  present  equipment. 
The  load  is  mainly  residence  and  theatrical  light- 
ing, the  maximum  power  load  being  but  one-third  of  the 
maximum  lighting  load.  The  power  load  is  nearly  con- 
stant throughout  the  day,  while  the  lighting  peak  occurs 
at  the  close  of  the  business  day  in  winter  and  an  hour  or 
two  later  in  summer. 

OPERATING  ARRANGEMENTS 

Continuity  of  operation  under  all  imaginable  con- 
ditions is  the  ideal  on  which  the  plan  of  the  station  was 


FIG.    2 — CROSS-SF.CTION    OF   THE   BUILDING 

Showing  general  layout  of  the  substation. 

based.  Each  piece  of  apparatus  is  safeguarded  as  com- 
pletely as  possible ;  spares  are  provided  for  all  vital 
devices;  any  desired  combination  of  incoming  high-ten- 
sion and  outgoing  low-tension  circuits  can  be  obtained; 
and  any  piece  of  apparatus  and  any  circuit  can  be  cut 
out  of  service  without  interfering  with  the  operation  of 
the  station. 

Three-phase,  62.5  cycle  current  is  transmitted  from 
the  United  Company's  201st  street  power  house  tn  the 
Waterside  bus,  from  which  tie  feeders  about  1.5  miles 
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long  run  to  the  45th  street  station.  These  feeders  ter- 
minate in  separate  manholes  outside  the  station  so  that 
the  burning  out  of  one  will  not  afTect  the  others. 

The  feeders,  in  the  form  of  350000  cir.  mil,  lead- 
covered  cables,  enter  the  basement  of  the  station  through 
tile  ducts  and  run  up  the  west  wall  m  separate  fiber  con- 
duits to  null  boxes  in  the  wall  of  the  second  floor,  where 
the  lead  sheathes  end  in  pot-heads.  From  each  pot- 
head  a  cambric  and  braided  cable  runs  to  a  600-ampere 
oil  circuit-breaker  with  disconnecting  switches  on  both 

sides. 

Each  line  now  divides  into  two  branches,  as  shown 
in  Yvi-  3.  with  a  600  ampere  oil  circuit-breaker  with 
disconnecting  switches  in  each  branch.  One  branch 
runs  to  the  high-tension  side  of  a  main  transformer  and 
the  other  to  a  common  high-tension  bus.  Ordinarily 
each  line  from  feeder  to  transformer  is  kept  independ- 
ent, but  by  means  of  the  bus,  any  or  all  of  the  trans- 
formers can  be  supplied  from  the  other  feeders  should 


No  I  Bus. 


eral  outgoing  feeders,  so  that  any  group  consisting  of  a 
transformer  and  its  outgoing  feeders  can  be  operated 
independently  of  the  rest,  or  can  be  cut  out  if  desired. 
The   foregoing  arrangement  provides  a  very  high  de- 


'  Feeders  "Feeders; 
No"o-'f6  ■BusT,e.'r';.l-r.Te.nsion  Jj^  .^o  _5-8_  j{o_  l._5; 

FIG.   3 — SCHEMATIC   DIAGRAM    OF  BUS   TIES   AND   FEEDERS 

A — Disconnecting  switch;  B — Regulator;  E — Type  C  auto- 
matic oil  circuit  breaker;  F — Type  E  automatic  oil  circuit 
breaker;  X— Transformer. 

one  feeder  be  cut  out ;  while  on  the  other  hand  should 
any  transformer  be  cut  out  the  other  two  can  be  sup- 
plied from  all  three  feeders. 

From  the  secondary  of  each  transformer,  a  line 
provided  with  a  1200-ampere  circuit-breaker  runs  to 
each  of  two  bus-bars,  called  No.  i  and  No.  2  respec- 
tively. From  each  bus,  a  line  runs  to  each  outgoing 
feeder,  the  difference  between  these  last  two  lines  being 
that  in  the  line  from  bus  No.  i  there  is  an  induction  reg- 
ulator, with  a  circuit-breaker  on  each  side,  while  in  the 
line  from  bus  No.  2  there  is  a  circuit-breaker  only. 
Thus  each  feeder  can  be  supplied  either  through  a  reg- 
ulator or  from  a  low-tension  bus  direct.  A  tie  with  a 
regulator  connects  the  two  busses,  and  provides  means 
for  regulating  any  feeder  while  repairs  are  being  made 
to  the  regulator  or  circuit-breaker  in  the  line  from  bus 
No.  I  to  that  feeder. 

Both  low-tension  busses  can  be  divided  into  sec- 
tions, e>Ath  connected  with  a  transformer  and  with  sev- 


FIG.   4 — GENERAL    VIEW    OF    MAIN    FLOOR    OF    SUBSTATION 

Showing  synchronous  condenser,  switchboard,  control  desk  and 
induction  regulators. 

gree  of  flexibility  and  permits  the  various  elements  to 
be  grouped  into  a  large  number  of  different  combi- 
nations. 

CIRCUIT  BREAKERS 

The  bus-bars,  circuit  breakers  and  their  accessories 
are  mounted  in  concrete  compartments  and  are  pro- 
tected by  light  asbestos-board  covers  mounted  in  steel 
frames.  The  barriers  between  the  circuit  breakers  are 
3.5  inches  thick,  and  those  between  the  disconnecting 
switches  are  two  inches  thick. 

The  circuit  breakers  for  the  incoming  feeders  are 
of  standard  Westinghouse  construction,  but  the  type  E 
circuit  breakers,  for  both  the  high-tension  and  the  low- 
tension  circuits  have  been  modified  according  to  de- 
signs by  Mr.  McCoy  of  the  United  Company.  The 
standard  type  E  circuit  breakers  are  made  up  of  single- 
pole  units,  each  with  its  own  supporting  frame  and  con- 


FIG.    5 — OIL    CIRCUIT-DRl-AKl  K     .\ISLE 

Each   circuit-breaker   is   mounted   in    a   concrete   compartment 

with  only  the  cast-iron  casing  of  the  operating  mechanism 

and  the  relays  exposed. 

tact-operating  mechanism.  In  the  45th  street  station 
units,  however,  a  special  base  has  been  provided  which 
carries  all  the  circuit  breaker  parts,  and  all  closing 
levers  are  connected  to  a  single  shaft.     When  the  cir- 
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cuit  breaker  is  in  place,  the  only  part  that  shows  is  the 
cast-iron  casing  of  the  operating  mechanism,  all  live  and 
moving  parts  being  concealed  behind  covers. 

TRANSFORMERS 

There  are  at  present  three  banks  of  T-connected 
air-blast  transformers,  but  two  more  will  be  added  when 
needed.  Each  bank  consists  of  a  2000  k.v.a.  unit  for 
lighting  purposes  and  a  500  k.v.a.  teaser  for  power,  con- 
nected as  shown  in  Fig.  8.  The  primary  winding  of  the 
leaser  transformer  is  wound  for  86.6  percent  of  the 
voltage  of  the  main  transformer,  giving  a  standard 
three-phase  T-connection.  The  tiaser  secondary  is 
wound  for  70.7  percent  of  ihe  m'!in  'i  insformer  second- 
ary voltage  giving  2100  volts  between  phases  and  3000 
volts  between  the  two  outside  wiies.  The  power  load  is 
supplied  at  2100  vc'ts  '.,  the  usual  manner.     The  light- 


FIG.   6 — DETAIL   VIEW   OF    MODIFIED   TYPE   E   CIRCUIT   BREAKER 

ing  load  is  obtained  from  the  two  outside  wires  at  3000 
volts,  and  is  transformed  through  the  main  unit  prac- 
tically as  a  straight  single-phase  load.  The  connections 
between  the  transformer  units  are  such  that  the  teaser 
is  in  service  only  when  two-phase  power  is  being  used. 
Two  transformer  banks  are  at  present  sufficient  to 
handle  the  full  load,  so  that  the  third  is  a  spare. 

All  wiring  enters  the  transformers  from  vaults  in 
the  basement  below.  This  arrangement  makes  all  con- 
nections easily  accessible  and  adds  greatly  to  the  appear- 
ance of  the  main  floor.  Each  transformer  bank  has  its 
own  ventilating  blower,  which  starts  automatically  when 
the  transformer  is  energized;  but  if  any  one  of  the 
blowers  is  out  of  service,  air  can  be  supplied  to  its  trans- 
former from  the  other  blowers. 


REGULATORS 

Eleven  85  k.v.a.  air-cooled  induction  regulators  are 
at  present  in  operation,  ten  controlling  outgoing  feeders 
and  one  for  use  in  the  tie  between  the  two  low-tension 
busses,  but  ten  more  can  be  installed  to  meet  future  re- 
quirements.    These  regulators  have  a  range  of  ten  per- 


KIC.    7 — THREE    T-CONNECTED,    .\IR-BL.\ST    TRANSFORMER    BANKS 

cent  above  and  ten  below  normal  voltage.  Line-drop 
compensators  are  installed  in  connection  with  the  regu- 
lators, which  provide  for  a  normal  voltage  of  2750  volts 
across  the  outside  lines  of  each  feeder  at  the  center  of 
distribution.  In  order  to  conserve  space,  the  operat- 
ing mechanism  on  the  top  of  the  regulators  has  been  so 
arranged  that  none  of  it  projects  beyond  the  case. 

All  the  leads  to  the  regulators  run  up  from  a  com- 
partment in  the  basement  below.  The  regulator  relays 
and  the  compensators  are  also  mounted  here.  A  large 
ventilating  blower  forces  air  into  this  compartment  from 
whence  it  passes  out  through  the  regulators. 

SYNCHRONOUS  CONDENSER 

To  assist  in  correcting  the  power- factor  and  in 
stabilizing  the  voltage  of  the  system,  a  1000  k.v.a.  syn- 
chronous condenser  is  connected  to  low-tension  bus 
No.  I.  A  second  condenser  will  be  added  when  the 
contemplated  additions  to  the  station  are  made.  The 
condenser  is  provided  with  a  special  regulator  which  has 
two  elements ;  a  voltage  element  which  responds  quickly 
to  voltage  changes  and  prevents  rapid  variations  of  the 
bus  voltage;  and  a  current  element,  which  operates  to 
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FIG.    8 — DIAGRAM    OF    CONNECTIONS    OF    TRANSFORMER    BANKS 

maintain  an  approximately  constant  current  in  the  con- 
denser, bringing  the  current  very  slowly  back  to  normal 
with  changes  in  voltage.  The  object  of  this  combina- 
tion is  to  correct  quickly  for  sudden  changes  of  voltage 
and  to  allow  sufficient  time  for  the  feeder  regulators  to 
readjust  themselves  to  any  new  voltage  on  the  bus. 
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The  condenser  has  a  direct-connected  27.5  kw,  220-  are  carried  from  every  voltage  transformer  in  the  sta- 
volt  exciter  which  also  acts  as  a  starting  motor.  Direct-  tion  to  a  small  panel  on  the  control  desk  so  that  readings 
current  for  starting  (and  for  other  purposes,  such  as  can  be  taken  on  any  instrument  with  a  standard  volt- 
operating  relays,  switches,  etc.)  is  supplied  by  a  similar  meter. 

direct-current  generator  operated  by  an  alternating-cur-  Each  circuit  breaker  control  circuit  is  fused  sepa- 

rent  motor.     The  exciter  has  twice  the  necessary  ca-  rately,  and  all  control  and  instrument  wires  are  carried 


FIG.   9 — ROW    Of    85    K.V.A.,    AIR-COOLED    AUTOMATIC    VOLTAGE 
INDUCTION    REGULATORS 

pacity  to  serve  the  condenser  so  that  when  the  second 
condenser  is  installed  there  will  be  available  three  di- 
rect-current machines,  any  two  of  which  will  be  suffi- 
cient to  excite  the  condensers  and  supply  current  for  all 
other  purposes,  leaving  the  third  as  a  spare.  This 
is  another  example  of  the  precautions  taken  to  insure 
continuity  of  operation  at  this  station. 

SWITCHBOARD 

All  apparatus  in  the  station  is  controlled  from  the 
switchboard.  This  board  is  semicircular,  and  the  con- 
trol desk  is  located  at  the  center  of  the  circle  formed  by 
the  board,  so  that  all  the  points  on  the  board  are  equi- 


FIG,    ID — COMPARTMENT   BELOW   THE   INDUCTION    REGULATORS 

Showing  the  connections  to  the  regulators  on  the  left  and 
the  primary  and  secondary  induction  relays  and  the  line  drop 
compensators  on  the  right. 

distant    from    the    operator.     All    instruments,    control 

switches,  relays  and  other  devices  are  mounted  on  the 

front   of   the   board.     In   the    rear   are   terminals   and 

switches  for  testing  the  relays  and  instruments.     Leads 


m,      11 — \LM1LAT1NG    HLOWKUS     AND    THKIK     MAGNET 
SWITCH    STARTERS 

Air  is  supplied  to  the  transformers  and  regulators, 
through  the  floor  to  the  basement  and  connected  to  the 
control  cables  through  terminal  blocks  so  that  every  wire 
is  easily  accessible.  Beginning  at  the  left  in  Fig.  12 
can  be  seen,  the  high-tension  panels,  the  graphic  meters, 
the  voltage  regulator  for  the  synchronous  condenser,  the 
outgoing  feeder  panels  with  meters,  circuit  breaker  con- 
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FIG.    12 — GENERAL    VIEW    OF    SWITCHBOARD    AND    CONTROL    DESK 

trol  switches,  and  relays  and  at  the  extreme  right  the 
house  circuit  panel. 

RELAYS  AND  METERS 

Each  incoming  high-tension  feeder  is  protected  by 
a  reverse-power  relay  and  an  overload  relay,  which 
causes  the  circuit-breaker  to  open  under  overloads  of 
definite  duration.  Relays  are  also  used  to  cut  out  the 
transformers  in  case  of  internal  trouble  and  also  to  pro- 
tect the  outgoing  feeders.  Each  outgoing  feeder  is  pro- 
vided with  a  polyphase  indicating  wattmeter  the  energy 
being  metered  on  the  secondary  side  of  the  transformers. 
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Engineer,  Marine  Dept. 

Westinghouse  Electric  &  Mfg.  Company 


SH()kll.\'  AFTER  the  outbreak  of  the  present 
war.  ulicn  the  magnitude  of  the  struggle  against 
Cicnnan  mihtarism  became  apparent,  the  allied 
nations  entered  the  markets  of  the  United  States  to 
purchase  from  our  vast  resources  many  of  the  things 
which  the  greatest  of  all  wars  had  so  unexpectedly 
compelled  them  to  obtain.  Contracts  were  placed  for 
shells  and  guns,  powder,  aeroplane  parts,  shoes,  wheat, 
harness,  mules  and  all  of  the  paraphernalia  which 
modern  armies  need. 

At  the  outset,  the  ship  tonnage  available  for  trans- 
porting this  war  material  was  sufficient,  but  early  in 
191 5  when  Great  Britian  began  to  move  overseas  the 
first  of  her  home  and  colonial  armies,  the  shipping  ques- 
tion became  acute.  Many  of  the  larger  British  and 
French  ships  trading  in  the  North  Atlantic  were  trans- 


became  insistent,  but  the  old  markets  for  such  ships 
were  not  available.  Great  Britian,  which  in  pre-war 
times  had  built  so  many  of  the  so-called  tramp,  or 
freight  carrying  steamers,  was  utilizing  all  of  her  ship- 
building resources  to  increase  her  naval  strength  and 
thus  ensure  her  supremacy  over  the  German  fleet  be- 
yond all  doubt.  Such  few  yards  as  France  and  Italy 
possessed  were  fully  occupied  with  domestic  needs. 

The  shipping  world  outside  of  Great  Britian  nat- 
urally turned  to  tlie  United  States.  Orders  for  new 
ships  grew  in  such  amazing  numbers  that  the  old  estab- 
lished shipyards  of  this  country  were  soon  filled  to  ca- 
pacity. The  need  for  ships  was  so  great  that  Ameri- 
can capital  quickly  appreciated  the  opportunity  and  new 
shipbuilding  companies  were  formed.  It  was  very'  ob- 
vious to  those  in  charge  of  the  new  vards  that  the  old 


FIG.    I — NORWEGIAN    STEAMSHIP       MALMANGER 

Equipped  with  Westinghouse  geared  turbine  propelling  machinery  and  condensing  apparatus. 


formed  into  troop  ships  or  auxiliary  cruisers.  Also  at 
about  this  time  the  first  of  the  completed  material  which 
American  firms  had  contracted  to  supply  began  to  ar- 
rive at  the  seaboard  and  all  of  the  available  allied  ves- 
sels were  pressed  into  service  to  transfer  these  import- 
tant  supplies  to  Europe.  Naturally  the  Germans  had 
appreciated  the  danger  to  themselves  of  permitting  the 
allies  to  draw  without  restraint  on  this  country's  great 
storehouse.  Unable  to  carry  out  the  customary  methods 
of  dealing  with  contraband,  as  provided  by  the  Hague 
conventions,  Germany  invoked  the  aid  of  her  submarine 
fleet  and  instead  of  seizing  merchant  vessels  loaded  with 
contraband,  the  ships  were  torpedoed  and  sunk. 

The  consequent  loss  of  tonnage,  the  risk  of  destruc- 
tion, and  the  volume  of  material  awaiting  transportation 
combined  to  increase  cargo  rates,  which  quickly  reached 
unprecedented  figures.  Many  neutral  vessels  were  at- 
tracted to  the  trade,  among  the  most  active  of  these  be- 
ing Norwegian  ships.     The  demand   for  new  tonnage 


time  methods  then  in  vogue  could  not  be  adopted  if 
ships  were  to  be  built  quickly.  The  new  yards  were 
started  to  take  the  fullest  financial  advantage  of  the  ex- 
traordinary market  which  had  increased  the  price  of 
ships  from  $52  to  $100  per  ton  almost  overnight. 
Consequently  it  was  decided,  in  almost  every  instance, 
that  the  building  of  the  hulls  and  the  assembling  of  the 
machinery  should  be  the  extent  of  the  shipyard's  ac- 
tivities. The  machinery  was  to  be  purchased  from  es- 
tablished manufacturers.  This  was  easily  possible 
with  the  auxiliary  machinery  such  as  pumps,  deck 
winches  and  steering  engines,  as  such  units  had  long 
been  specialties  with  various  well-known  builders.  The 
main  propelling  machinery  was,  however,  a  more  diffi- 
cult problem.  For  many  decades  the  reciprocating  en- 
gine had  been  pre-eminent  as  the  propelling  medium  of 
the  average  tramp  steamer.  Naturally  shipowners  were 
reluctant  to  depart  from  such  a  well-beaten  track,  but 
the  exigencies  of  the  moment,  in  which  the  demand  for 
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ships  was  high  and  the  facilities  for  the  production  of 
suitable  reciprocating  engines  were  low,  compelled  the 
adoption  of  a  new  type  of  propelling  unit. 

The  steam  turbine  driving  the  propeller  shafting 
through  reduction  gears  was,  of  course,  the  natural 
choice.  Therefore,  the  new  shipyards,  and  also  some 
of  the  older  yards,  turned  to  builders  of  such  machinery 
to  aid  them  in  the  production  of  the  ships.  This  type 
of  machinery  had  been  designed  and  built  by  the  late 
Mr.  George  Westinghouse  as  far  back  as  1909.  As  a 
result  of  his  well-known  foresight  in  such  matters  The 
Westinghouse  Machine  Company  some  years  ago  be- 
came the  pioneer  in  high-powered  high-speed  turbine 
and  reduction  gear  transmission.  Consequently,  they 
were  fully  equipped  to  build  successful  machinery  of 
this  type  and  were  among  the  first  to  contract  for  ma- 
rine propelling  machinery.  The  designs  of  the  ma- 
chinery for  marine  work  had  already  considerable  at- 
tention and  therefore  the  opportunity  thus  afforded,  by 


broke  down  at  sea,  the  ship  could  still  make  port  at  a 
slightly  reduced  speed  by  using  the  other  turbine.  This 
plan  of  double  turbine  drive  naturally  suggested  the  use 
of  the  economical  compound  type,  in  which  the  high 
and  low  pressure  elements  are  arranged  in  separate  cyl- 
inders and  both  made  reversible.  The  turbines  were 
designed  to  operate  at  3600  r.p.m.  at  normal  speed,  this 
being  the  best  speed  for  maximum  economy  with  mini- 
mum weight. 

The  reduction  from  the  high  speed  of  the  turbines 
to  the  low  speed  of  the  propellers  (a  total  reduction  of 
51.5  to  i)  was  made  by  the  use  of  double  reduction 
gears,  the  first  gears  reducing  from  3600  to  450  r.p.m., 
and  the  second  gears  from  450  to  70  r.p.m.  The  com- 
bination thus  produced  was  a  typical  example  of  the 
best  arrangement  of  turbine  geared  machinery  for  slow- 
speed  moderate-powered  vessels.  The  double  reduc- 
tion gears  with  their  large  ratio  permitted  the  use  of 
the  most  satisfactory  turbine  speed  and  rendered  pos- 


FIG.    2 — INBOARD   PROFILE   AND  DECK    PLANS 

Of  the  oil  tank  steamship  shown  in  Fig.  I. 


this  unprecedented  demand  for  ships,  to  introduce 
modern  machinery  of  the  most  suitable  type  was  quickly 
recognized. 

While  it  was  generally  felt  that  the  reciprocating 
engine  would  give  way  to  the  more  economical  steam 
turbine  and  reduction  gear  unit  for  marine  propulsion 
yet,  prior  to  the  war,  its  adoption  had  been  slow.  The 
first  contract  was  for  the  propelling  equipment  of  two 
oil  tank  ships.  These  were  ordinary  ten  knot,  single- 
screw  ships  requiring  2500  horse-power,  the  revolu- 
tions of  the  propeller  were  70  per  minute.  As  the 
power  and  speed  conditions  of  these  vessels  were  gen- 
erally suitable  for  a  large  number  of  freight  and  tank 
steamers,  a  standard  design  of  both  turbines  and  reduc- 
tion gears  was  prepared. 

It  was  thought  that  ships  having  only  a  single 
screw  should  be  fitted  with  two  turbines,  each  driving  a 
pinion  meshing  with  a  common  gear  wheel.  The  tur- 
bines were  to  be  capable  of  independent  operation  both 
ahead  and  astern  so  that  if  one  of  the  turbines  or  gears 


sible  the  adoption  of  a  large,  efficient  propeller  so  well 
suited  to  a  slow-speed  ship. 

The  first  set  of  this  machinery  was  installed  in 
the  Norwegian  oil  tank  steamer  "Malmanger",  shown 
in  Fig.  I.  The  high-pressure  turbine  is  shown  in  Fig. 
5  and  the  low-pressure  turbine  in  Fig.  6.  The  double 
reduction  gears  are  illustrated  in  Fig.  4  and  a  view- 
looking  forward  in  the  engine  room  is  given  in  Fig.  3. 
The  high-pressure  turbine  can  be  seen  in  the  fore- 
ground, on  the  right  or  starboard  side,  the  low-pres- 
sure turbine  and  condenser  being  on  the  port  side,  the 
propeller  shafting  passing  between  the  two  turbines. 
The  plan  view  of  the  ship,  Fig.  2,  gives  a  graphic  idea 
of  the  smallness  of  the  driving  turbines  in  comparison 
with  the  size  of  the  vessel.  Unfortunately  the  "Mal- 
manger" was  sunk  by  a  mine  on  her  maiden  voyage, 
going  down  off  the  Irish  coast  on  March  22,  1917.  Her 
sister  ship,  the  Norwegian  vessel  "Golaa",  was  fitted 
with  the  next  set  of  machinery  and  is  still  afloat.  This 
latter  vessel  has  made  three  round  trips  between  the 
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United  States  and  Europe  and  is  at  present  engaged  in 
coastwise  trade. 

The  demand  for  machinery  increased  so  rapidly 
that  The  Westinghouse  Machine  Company  quickly  ob- 


!  FIG.   3 — ENGINE    ROOM    OF   THE    STEAMER 

tained  contracts  for  several  sets.  The  ships  ordered 
prior  to  January  i,  1917  which  have  been  placed  in 
service  are  listed  in  Table  I. 


TABLE 

1 — STEAM    TURBINE   DRIVEN 

SHIPS    IN    SERVICE 

Name  of 
Ship 

Built  at 

Type  of 
Ship 

Shaft 
Horse 

R.  P 

M. 

Tur- 

Pro- 

Power 

hines 

peller 

Malmanger 

Chester,  Pa. 

Oil  Tank 

2900 

3600 

70 

Golaa 

Chester,  Pa. 

Oil  Tank 

2900 

3600 

70 

Hisko 

Chester,  Pa. 

Oil  Tank 

2900 

3600 

70 

Avondale 

Chester,  Pa. 

Oil  Tank 

2900 

3600 

70 

Sudbury 

Chester,  Pa. 

Freight 

2300 

3600 

72 

Overbrook 

Chester,  Pa. 

Oil  Tank 

2900 

3600 

70 

Coronado 

Oakland,  Cal. 

Freight 

2400 

3600 

90 

Yosemite 

Oakland,  Cal. 

Freight 

2400 

3600 

90 

Yellowstone 

Oakland,  Cal. 

Freight 

2400 

3600 

90 

Oakland 

Oakland,  Cal. 

Freight 

2900 

3600 

90 

Westerly 

Seattle,  Wash. 

Freight 

2500 

3600 

90 

Westwood 

Seattle,  Wash. 

Freight 

2500 

3600 

90 

West  Eagle 

Seattle,  Wash. 

Freight 

2500 

3600 

90 

Maui 

San  Francisco 

Passenger 
and  Freight 

12500 

2000 

120 

West  Ford 

Seattle,  Wash. 

Freight 

2500 

3600 

100 

Polar  Sea 

Baltimore,  Md 

Freight 

1800 

3600 

90 

Accomac 

Los  Angeles, 

Freight 

3000 

3600 

100 

Wakulla 

Los  Angeles, 

Freight 

3000 

3600 

100 

fectly.     The  other  ships  had  to  slow  down.    Their  engines  were 
racing  too  badly. 

On  Feb.  8th  it  was  so  rough  that  the  convoy  had  to  heave 
to  for  about  ten  hours.  We  got  out  of  touch  with  the  other 
ships  and  went  on  alone  and  arrived  three  days  ahead  of  any 
of  the  ships  of  our  convoy. 

Two  of  the  ships  in  our  convoy  had 
foundered  on  the  day  we  hove  to  and  all 
hands  were  lost.  All  we  lost  were  two 
life  rafts  and  the  starboard  life  boat  on 
the  bridge  was  smashed  in. 

I  examined  the  gears  upon  arrival  and 
they  showed  no  signs  of  wear." 

On  arriving  at  a  U.  S.  port  the 
captain  of  the  "Hisko"  confirmed 
the  engineer's  statements  in  a  re- 
port to  the  Navy  Department. 

REPORT  OF  ENGINEER  ON  S.  S. 
"WESTERLY"  CONCERNING  VOY- 
AGE FROM  A  PACIFIC  TO  AN  AT- 
LANTIC PORT  VIA  THE  PANAMA 
CANAL. 

"Sailed  for  Panama  Canal  February 
27th,  7:00  a.m.  Adjusted  compass  and 
was  all  clear  for  sea  at  10:45  a.m.  Struck 
a  few  days  of  choppy  sea.  Made  no 
stops  until  arrived  at  Panama,  3-17-18, 
2:,35  p.m. 

3-21-18-3:15  p.m.  lifted  anchor  for 
the  United  States.  Had  fair  weather 
diu-ing  entire  voyage  with  the  exception 
of  about  three  days. 

Machinery  performed  O.  K.  Gear 
oil  pumps  handle  oil  nicely.  All  pipework 
and  fitting  done  by  shipyard  on  turbines 
and  gears  was  good.  Experienced  no 
trouble  whatever  with  oil  leaks. 
The  S.  S.  Westerly  made  quite  a  record.  On  arriving  at 
Balboa,  we  took  no  water  aboard  and  no  repairs  whatever  re- 
quired. So  far  no  Shipping  Board  boat,  which  had  already 
passed  through  the  Canal,  went  straight  through  without  in 
need  of  some  repairs. 

The  voyage  was  a  pleasant  one  for  all  aboard.  The  crew, 
especially  in  the  engine  room,  seem  to  like  the  installation. 
The  chief  engineer  speaks  well  of  the  machinery  and  its  per- 
formance. 


Of  these  ships  two  have  been  lost.  The  "Malmanger," 
as  previously  explained,  and  the  "Westerly",  which  was 
sunk  in  collision  off  the  coast  of  France  April  29,  1918. 
It  is  to  be  hoped  the  other  ships  will  fare  more  fortun- 
ately, as  to  date  the  machinery  performance  of  all  of 
them  has  been  most  satisfactory.  The  following  ex- 
tracts are  from  reports  received: — 

REPORT  OF  ENGINEER  ON  S.  S.  "HISKO"  CONCERN- 
ING VOYAGE  FROM  A  U.  S.  ATLANTIC  PORT 

TO  ENGLAND. 
"On  the  voyage  over,  the  weather  was  very  rough  and  the 

governors  were  in  action  much  of  the  time  and  worked  per- 


FIG.   4 — DOUBLE   REDUCTION   GEARS 

Arrived  off  Cape  Henry  7:05  p.m.  March  29th.  Dropped 
anchor  and  remained  there  until  12 :20  noon  of  the  30th,  then 
got  underway  for  Newport  News,  Va.,  and  arrived  there  3:53 
p.m.  of  the  30th.  ., 

Made  thorough  inspection  of  all  reduction  gears  and  oil 
sprays  at  Colon  and  Newport  News.     Everything  looked  good. 
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The  ships  listed  in  Table  I  are  but  the  beginning     and  Essington  works  are  busily  engaged  in  this  most 
of   a   large  fleet  to  be  fitted  with  Westinghouse   ma-     important  war  work.     Not  only  are  turbines  and  reduc- 


FIG.    5 — HIGH-PRESSURE    TURBINE 


FIG.    6 — LUVV-PRiiSSURE   TURBINE 

chinery.  Equipments  are  now  built  or  on  order  for  tion  gears  for  propelling  the  ships  being  built  but  the 
300  single-screw  vessels,  all  of  which  are  for  the  Emer-  major  portion  of  the  auxiliary  equipment  such  as  con- 
gency    Fleet    Corporation.     Both    the    East    Pittsburgh     densers,   both    main   and   auxiliary,    circulating   pumps 
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with  geared  turbine  drives,  vacuum  appara- 
tus, generating  sets,  and  lubricating  pumps 
and  fittings  are  also  being  supplied.  The 
maneuvering  valves  for  handling  the  main 
turbines  with  promptness  are  also  no  small 
part  of  the  program.  Much  depends  on  the 
ease  with  which  rotation  can  be  changed  from 
ahead  to  astern  when  the  ship  is  being  docked. 
A  section  of  this  valve  is  shown  in  Fig.  9. 
Adjoining  the  maneuvering  valve  in  Fig.  9  is 
an  additional  double-seated  governor  valve, 
the  action  of  which  is  so  highly  commended  in 
the  report  from  the  engineer  on  the  "Hisko". 
Its  purpose  is  to  control  the  speed  of  the  tur- 
bine should  the  load  be  dropped  suddenly,  as 
would  occur  should  the  propeller  become  ub- 
covered  when  the  ship  pitches  in  a  heavy  sea. 


FIG.    9 — SECTION   THROUGH    STEAM    STRAINER,    GOVERNOR   AND 
MANEUVERING   VALVES 
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From  the  foregoing  it  will  be  realized  that  the  part  ship  movements  can  be  met  without  fail.     To  this  end 

this  Company  is  taking  in  the  war  work  of  the  United  the  Company  is  working  and  they  have  reason  to  be- 

States  is  of  a  very  important  character.       Ships  are  \■^^^^  jj-,jjj  f]^g  apparatus  now  being  built  will  fully  uphold 

among  the  most  pressing  needs  of  the  government.    Ob-  ^^^  reputation  for  efficiency  and  reliability  which  their 

viouslv  the  propelling  machinery  of  such  vessels  must 

viuLisij/   uic  piupc      5  J        ,     ,       ,     ,   ,         r  land  machmery  already  enjoys. 

be   absolutelv   reliab  e  so  that  miportant   schedules  of 


Alexander  D.  DuBois 


THE  alternating-current  generator,  reduced  to  its 
simplest  form,  may  be  considered  as  a  single  coil 
of  wire  caused  to  rotate  with  uniform  angular 
velocity  in  a  imiform  magnetic  field,  about  an  axis  in  a 
plane  perpendicular  to  the  magnetic  field.  Such  a  coil, 
aa'  in  Fig.  i,  if  rotated  counter  clockwise  about  0,  will 
be  threaded  by  the  maximum  number  of  lines  of  force 
when  the  plane  of  the  coil  is  at  right  angles  with  the 
magnetic  tlux.  that  is,  with  the  angle  »  =  o.  .\t  this 
instant,  the  motion  of  the  conductors  is  parallel  to  the 
flux.  No  lines  of  magnetic  force  are  being  cut  by  the 
conductors  and  therefore  no  e.m.f.  is  induced.  When 
the  coil  has  reached  the  position  shown  in  Fig.  i,  it  is 
cutting  obliquely  through  the  lines  and  an  e.m.f.  is  gen- 
erated in  proportion  to  the  rate  of  cutting.  The  rate  of 
cutting,  is  a  maximum  when  "  becomes  90  degrees 
since  the  conductors  are  then  moving  at  right  arglp=-  ••• 
the  flux.  As  the  rotation  of  the  coil  continues,  tne  rate 
of  cutting,  and  hence  the  induced  e.m.f.,  decreases  un- 
til, when  the  coil  is  again  horizontal  (»  =  180  degrees 
the  e.m.f.  is  again  zero.  At  this  point  the  e.m.f.  is  evi- 
dently reversed,  for  the  conductor  a  which  has  been 
cutting  lines  of  force  from  right  to  left  during  the  first 
half  revolution  is  now  beginning  to  cut  the  same  field  of 
force  from  left  to  right.  During  the  second  half-revolu- 
tion, then,  the  e.m.f.  grows  and  decreases  again  to  7ero 
in  the  way  explained  for  the  first  half-revolution,  but  in 
the  opposite  direction  with  reference  to  the  wire. 

During  one  revolution  of  this  ideal  armature,  the 
e.m.f.  has  passed  through  a  cycle  of  values,  increasing 
first  in  one  direction,  then  in  the  other.  During  each 
succeeding  revolution,  the  cycle  is  repeated,  and  the  re- 
sult is  an  alternating  e.m.f.,  or  difference  of  potential 
between  the  two  slip-rings  to  which  the  terminals  of  the 
coil  are  connected. 

It  remains  to  determine  the  mathematical  law  by 
which  the  instantaneous  value  of  e.m.f.  may  be  ex- 
pressed for  any  position  of  the  rotating  coil.  It  is  evi- 
dent that  it  is  the  horizontal  component  of  the  peri- 
pheral velocity  of  the  conductor  a,  Fig.  i,  which  deter- 
mines the  rate  of  cutting  of  the  magnetic  lines.  Let  the 
peripheral  velocity  V„  of  a  be  represented  by  the  length 
of  the  line  ac.  Its  direction  at  any  instant  is  represented 


by  the  same  line  since  ac  is  drawn  perpendicular  to  the 
radius  Oa.  Now  if  the  velocity  V^  be  resolved  into 
horizontal  and  vertical  components  V^  and  V^,  it  is  the 
component  Fj  which  determines  the  electromotive  force 
at  any  moment,  for  the  vertical  component  is  parallel  to 
the  flux  and  is  not  effective  in  generating  e.m.f.  In 
other  words,  if  the  conductor  moves  horizontally  with  a 
variable  velocity  Fj  instead  of  with  a  constant  velocity 
V\,  the  same  lines  of  force  would  be  cut  per  unit  of  time. 
Since  angle  bac  is  equal  to  angle  B,  by  construc- 
tion, (their  sides  being  respectively  perpendicular),  it 
is  evident  that 
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FIG.    I — .ACTION  OF  AN  ELE- 
MENTARY   COIL   IN    A   UNI- 
FORM  FIELD 


Fin.    2 — CLOCK      DIAGRAM      AND      DE 
VELOPED   SINE  WAVE 

Of  the  electromotive  force  gener 
atcd  by  the  coil.  Fig.  I. 


The  instantaneous  value  of  electromotive  force  e  ij 
proportional  to  V.^.  Hence,  e  is  proportional  to  th 
sine  of  the  angle  6.  When  d  =  o,  e  =  o,  and  wher 
^  =  90  degrees,  ^  is  a  maximum.  Since  V„  is  equal 
to  the  maximum  value  of  Fj,  equation  (2)  may  be  writ 
ten  in  the  form; — 

y\   =    {y\  max.)  sin  0_ 

and  since  e  is  directly  proportional  to  F, 
e  =  ("mav.  sin  g_ 
The  electromotive  force  produced  by  the  alterna 
tor  is  therefore  a  function  of  the  sine  of  the  angle   6.   If 
plotted  to  rectangular  co-ordinates,  using  values    of    6 
as    abscissae,    and    the    corresponding    instantaneous 
values  of  e.m.f.  as  ordinates,  a  sine  curve  is  the  result 
For  values  of   6  between  o  and    180  degrees,  sine  6  is 
positive;  for  values  between  180  and  360  degrees  it  is 
negative;  so  the  sine  curve  alternates  above  and  below 
the  X  axis  as  shown  in  Fig.  2,  where  the  maximum 
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e.m.f.  is  represented  by  the  ordinate  D,  while  the  instan- 
taneous value  corresponding  to  any  angle  indicated  by 
the  abscissa  PF  will  be  represented  by  its  corresponding 
ordinate  y. 

Since  the  angular  velocity  of  the  conductors  is  uni- 
form, the  angles  passed  over  are  proportional  to  time, 
and  if  desired  time  may  be  substituted  in  place  of  angles 
as  abscissae,  in  plotting  the  sine  curve.  In  either  form 
the  sine  curve  shows  graphically  how  the  e.m.f.  changes 
from  moment  to  moment,  with  each  increment  of  time 
or  of  space  traversed  by  the  conductors.  The  same 
graphical  representation  will  evidently  apply  to  a  cur- 
rent, a  magnetic  flux,  or  any  alternating  quantity  which 
is  known  to  conform  to  the  sine  law  in  passing  through 
its  cycles  of  changing  values. 

A  purely  ideal  case  has  been  considered;  uniform 
magnetic  field,  uniform  speed,  no  iron  in  the  rotating 
coil.  In  commercial  generators  these  conditions  do  not 
obtain.  The  wave  forms  which  occur  are  usually  not 
true  sine  curves.  But  the  error  thus  introduced  is  com- 
monly negligible  for  practical  purposes ;  and  if  not,  the 
irregular  wave  form  can  be  reduced  to  an  equivalent 
sine  wave,  which  may  be  represented  vectorially. 

THE  SUBSTITUTION  OF  VECTORS  FOR  SINE  CURVES 

Were  it  necessary  to  plot  sine  curves  for  the  graph- 
ical solution  of  alternating-current  problems,  the  pro- 
cess would  be  cumbersome.  Fortunately  such  a  proce- 
dure is  needless,  since  any  system  of  sine  curves,  pro- 
vided they  are  all  of  the  same  frequency,  may  be  re- 
placed by  simple  vectors.  Referring  to  Fig.  2,  let  C  be 
any  point  on  a  sine  curve  and  let  D  be  its  amplitude  or 
maximum  ordinate.  Then  by  the  definition  of  the 
curve,  any  ordinate,  CF  is  equal  to  D  sin  8,  where  d  is 
represented  in  rectangular  co-ordinates  by  the  abscissa 
PF.  With  the  point  O  as  a  center  and  a  radius  OB 
equal  to  D,  a  circle  representing  the  path  of  the  revolv- 
ing point  B  is  drawn.  The  radius  vector  of  the  point  B 
is  the  line  OB.  If  the  line  OB  be  drawn  at  any  angle 
6  with  the  horizontal  axis ;  — 

OA  =  HB  =  OB  sin  Q, 

or,  expressed  in  words,  the  projection  OA  of  the  radius 
vector  OB  upon  the  vertical  axis  is  at  all  times  equal  to 
OB  sin  6.  But  OB  equals  in  length  D  the  maximum 
ordinate  of  the  curve ;  therefore  OA  =  D  sin  0.  This 
is  the  equation  of  the  sine  curve.  Any  point  of  the  sine 
wave  is  completely  defined  if  its  two  coordinates  are 
known.  The  abscissa  is  given  by  the  angle,  6,  which 
the  radius  vector  makes  with  the  horizontal  line  of  ref- 
erence; the  ordinate  is  given  by  the  projection  OA  of 
the  radius  vector  upon  the  vertical  axis.  Any  sine 
curve  is  therefore  completely  represented  by  a  radius 
vector  whose  length  represents,  to  some  scale,  the  maxi- 
mum ordinate  of  the  sine  wave.  It  is  not  necessary  to 
draw  the  vector  in  particular  position,  that  is,  at  any 
prescribed  angle  with  the  X  axis,  for  it  must  be  con- 
sidered as  being  successively  in  all  positions,  in  order 
to  represent  completely  a  full  cycle  of  the  sine  curve. 

If  two  sine  wave  electromotive  forces  in  a  series 
circuit  are  out  of  phase,  they  may  be  represented  by  sine 


curves  which  do  not  reach  their  maximum  points  simul- 
taneousl}'.  Thus  the  curves  A  and  B,  Fig.  3,  may  re- 
present two  such  electromotive  forces.  Each  of  these 
curves  is  independently  known  if  its  maximum  ordinate 
is  known.  Thus  the  curve  A  may  be  represented  by  a 
vector  Oa;  the  curve  i?  by  a  vector  Ob  and  each  will 
adequately  represent  its  respective  sine  curve  regardless 
of  the  position  or  direction  in  which  it  is  drawn. 

But  to  represent  the  phase  relation  of  the  two 
curves,  the  vectors  must  be  drawn  in  the  same  phase  re- 
lation as  the  curves  and  must  be  considered  as  rotating 
together.  For  example,  if  the  curve  B  passes  through 
zero  sixty  degrees  later  than  curve  A,  the  vector  Ob 
must  be  drawn  so  that  its  projection  will  be  equal  to 
zero,  sixty  degrees  later  than  the  projection  of  the  vec- 
tor Oa.  This  condition  is  assured  by  drawing  the  two 
vectors  at  an  angle  of  60  degrees  with  each  other;  for 
a  vector's  projection  is  zero  only  when  the  vector  is 
coincident  with  the  X  axis,  and  if  the  vectors  are  60  de- 
grees apart  in  angular  displacement  and  are  rotated  to- 
gether as  though  they  formed  a  rotatable  framework 
pivoted  at  0,  it  is  evident  that  the  vector  Ob  will  reach 
the  X  axis  60  degrees  later  than  the  vector  Oa. 

Having  established  a  vectorial  scheme  for  repre- 
senting two  sine  curves  which  are  of  equal  frequency 


FIG.    3 — SUMMATION   OF   OUT-OF-PHASE   SINE   WAVES 

but  of  any  angular  displacement  and  any  relative  ampli- 
tudes, the  representation  of  their  resultant  can  be 
studied.  If  the  curves  A  and  B  represent  two  electro- 
motive forces,  generated,  for  example,  by  two  armature 
coils  connected  in  series  but  mechanically  displaced, 
their  combined  action  must  be  such  as  could  be  repre- 
sented by  a  single,  resultant  sine  curve  whose  every  in- 
stantaneous value  is  equal  to  the  algebraic  sum  of  the 
corresponding  instantaneous  values  of  the  two  compon- 
ent curves.  By  combining  the  ordinates  of  curves  A 
and  B  the'  resultant  curve  Z,  Fig.  3,  is  obtained.  To 
draw  a  vector  which  will  represent  the  resultant  sine 
curve  Z  both  in  amplitude  and  phase  relation,  assume 
only  the  two  vectors  Oa  and  Ob  are  given.  It  may  be 
arbitrarily  stated  that  the  line  Os  obtained  by  construct- 
ing the  parallelogram  ::aOb  is  the  resultant  radius  vec- 
tor desired.  The  geometrical  construction  is  the  same 
as  that  employed  in  the  composition  of  forces  and  ve- 
locities in  analytical  mechanics.  It  is  not  self-evident, 
however  that  the  diagonal  of  a  parallelogram  thus  con- 
structed will  fulfill  the  requirements  of  the  present  case. 
To  demonstrate  the  correctness  of  this  construc- 
tion, it  must  first  be  shown  that  the  line  Os  is  correct  in 
phase   relation;  and  second  that   it   is   of   the  proper 
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length.  Referring  to  the  sine  curves  the  resultant  curve 
Z  must  have  such  a  phase  relation  with  tlie  component 
curves  as  will  cause  its  instantaneous  value  to  be  zero 
when  the  corresponding  instantaneous  values  of  the 
curves  A  and  B  are  equal  and  opposite ;  that  is  Z  must 
pass  through  zero  at  a  point  h  where  fh  =  hg.  This 
means  that  when  the  projections  of  vectors  Oa  and  Ob 
are  respectively  positive  and  negative  and  of  equal  mag- 
nitude, the  projection  of  the  resultant  vector  must  be 
zero.  In  Fig.  4,  the  vector  Oz  and  its  parallelogram  are 
reproduced  with  the  line  Oz  coincident  with  tlie  X  axis 
when  its  projection  on  the  Y  axis  is  zero.  Since  the 
diagonal  of  a  parallelogram  divides  it  into  two  like  tri- 
angles the  altitude  na  of  the  triangle  zOa  is  equal  to  the 
altitude  bj  of  triangle  zOb.  But  na  =  Of  and  jb  =  gO. 
The  projections  of  the  two  component  vectors  are 
therefore  equal  and  opposite  when  the  projection  of  the 
resultant  is  zero.  Thus  the  phase  relation  of  the  vector 
Oz  is  correct  when  drawn  as  above  described. 

W^ith  Oz  drawn  in  the  proper  phase  relation,  its 
length  is  evidently  correct  if  its  projection  is  always 
equal  to  the  algebraic  sum  of  the  projections  of  the 
component  vectors.  Refering  back  to  Fig.  3,  it  is  evi- 
dent that 

Oy  =  Ox  -\-  xy 
but 

xy  =r  Ow 

since,  by  construction,  az  is  equal  and  parallel  to  Ob. 
Hence ; — Oy  =  Oiv  -f-  Ox,  or  expressed  in  \\  ords,  the 
■  Y 


FIG.   4  FIG.    5  FIG.    6 

FIGS.    4    TO   6 — VECTOR   RELATIONS    OF    E.M.F.'s    OF    FIG.    3 

projection  of  Oz  on  the  Y  axis  is  equal  to  the  sum  of 
the  projections  of  Oa  and  Ob. 

It  is  now  proven  that  the  combination  of  radii  vec- 
tors may  be  carried  out  by  the  construction  of  parallelo- 
grams, in  the  same  manner  as  the  composition  of  forces, 
and  that  the  resultant  vector  thus  obtained  will  faith- 
fully represent  the  resultant  sine  curve,  both  in  ampli- 
tude and  phase  relation.  Having  established  these 
facts,  it  is  unnecessary  to  retain  the  sine  curves  them- 
selves or  even  the  circles  or  axes  of  reference,  in  con- 
nection with  the  vectors.  The  parallelogram  zaOb  may 
be  removed  entirely  from  the  circular  diagram  and 
placed  in  any  convenient  position,  as  in  Fig.  5.  The 
relations  are  still  faithfully  portrayed,  provided  the 
lengths  of  the  vectors  and  the  angles  between  them  are 
correctly  drawn ;  but  it  is  necessary  to  keep  in  mind  the 
direction  of  rotation  of  the  diagram  in  order  to  know 
which  quantities  are  leading  and  which  are  lagging  in 
phase.  The  arrow  showing  direction  of  rotation  should 
therefore  be  retained.* 


.  ^  T"u  /^'°ckw.se  rotation  of  vectors  was  adopted  as 
standard  by  the  International  Electrotechnical  Commission  at 
pl^fic  '"  ^^"'  "  '■ecommended  in  the  A.I.E.E.  Standardization 
Rules   and  may  generally  be   assumed  where   no   direction   is 


As  a  still  further  simplification,  the  triangle  as 
shown  in  Fig.  6  may  be  substituted  for  the  parallelo- 
gram. The  resultant  Oz  obtained  from  the  triangle  is 
manifestly  the  same  as  that  derived  from  the  parallelo- 
gram, both  in  its  length  and  phase  relation;  but  it  is 
now  necessary,  in  order  to  avoid  confusion,  to  place  ar- 
row-heads on  the  vectors  themselves.  It  is  customary 
to  place  the  arrow-head  on  the  free  end  of  each  vector 
to  indicate  that  it  is  this  end  which  describes  the  circle 
when  the  diagram  is  rotated,  the  unmarked  end  being 
the  pivot  or  center  of  rotation.  When  the  arrow-heads 
have  been  thus  placed,  all  pointing  away  from  the  cen- 
ter of  rotation  in  Fig.  5,  any  of  these  vectors  may  be 
transposed  to  other  positions,  as  in  Fig.  6,  provided 
they  are  kept  always  parallel  to  their  original  directions 
and  are  not  turned  end  for  end.  Turning  a  vector  end 
for  end.  with  relation  to  the  remainder  of  the  diagram, 
is  obviously  equivalent  to  changing  its  phase  relation  by 
180  degrees.  For  example.  Figs.  7,  8  and  9  show  volt- 
age relations  in  a  three-phase  circuit.  In  each  of  these 
figures  the  upper  diagram  shows  the  triangular  combi- 
nation of  the  vectors,  whose  true  phase  relations  are 
shown  by  the  lower  diagrams.  Fig.  7  represents  the 
normal  relations.  The  arrow-heads  all  follow  around 
the  triangle  in  the  same  direction,  indicating  proper 
angular  displacement  of  the  phases  as  shown  by  the 
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FIG.    7  FIG.   8  FIG.   9 

FIGS.    7   TO   9 — VOLTAGE  RELATIONS   IN   A   THREE-PHASE   CIRCUIT 

lower  diagram  of  the  same  figure.  Reversing  vector  A 
by  transferring  the  arrow-head  to  its  opposite  end,  pro- 
duces the  conditions  shown  by  Fig.  8,  in  which  the  re- 
sult, made  clear  by  the  lower  diagram,  is  a  reversal  of 
phase  A  of  the  circuit.  Fig.  9  shows  the  result  of  re- 
versing phases  A  and  C  while  keeping  phase  B  un- 
changed. It  should  be  clear  from  these  considerations 
that,  while  vector  arrow-heads  may  be  omitted  from  the 
completely  and  correctly  assembled  diagram,  it  is  quite 
essential  to  make  use  of  them  when  employing  the 
simpler  but  more  artificial  method  cf  triangles.  And, 
it  is  evidently  as  necessary  as  before  to  keep  in  mind  the 
direction  of  rotation  of  the  figure. 

Since  the  vector  which  represents  a  sine  wave  must 
be  equal  in  length  to  the  maximum  ordinate  of  the 
wave,  while  ammeters  and  voltmeters  measure  effective 
values,  it  is  evident  that  if  full-length  vectors  are  em- 
ployed, a  constant  must  be  applied  to  reduce  the  one 
value  to  the  other.  The  effective  value  is  0.707  times 
the  maximum  value.  In  practice  it  would  be  rather  a 
cumbersome  process  to  find  the  true  length  of  each  vec- 
tor by  dividing  each  instrument  reading  by  this  con- 
stant, and  then  reduce  the  results  back  to  effective 
values  by  multiplying  the  resultant  vectors  by  the  same 
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constant.  And  such  a  procedure  is  unnecessary  since 
the  working  vectors  are  in  effect  multiplied  by  the  same 
constant  by  simply  reducing  their  lengths  so  that  they 
represent,  to  the  same  scale,  the  effective  values  of  the 
quantities  in  the  problem.  The  results  are  then  scaled 
directly  from  the  graphical  diagram  in  terms  of  effec- 
tive values.  Thus,  the  vectors  that  are  commonly  em- 
ployed in  practice  are  not  the  true,  full-length  vectors 
of  the  foregoing  discussion:  they  are  rather  the  stubs 
that  remain  when  the  outer  ends  of  the  spokes  have 
been  cut  off.  These  might  be  called  effective  vectors; 
and  no  confusion  can  arise  as  to  how  they  originated  if 
such  a  name  is  applied  to  them. 

Consideration  of  Fig.  lo  will  show  that  such  treat- 
ment is  permissible,  because  it  does  not  alter  the  relative 
lengths  of  the  several  vectors  of  a  diagram,  and  does 
not  affect  their  ]ihase.  relations.  The  lines  oa,  ob  and 
oc    are    the    truncated    vectors,    representing    effective 
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FIG.  10  —  RELA- 
TION OF  MAXI- 
MUM AND  EF- 
FECTIVE VECTORS 


FIG.  1 1 — THREE- 
VOLTMETER  ME- 
THOD OF  MEA- 
SURING    POWER 


FIG.     12 — VECTOR 
T  R  I  ANGLE       0  F 
VOLT  AGES     OB- 
TAINED IN 
FIG.    II 


values,  and  the  construction  used  in  a  practical  problem. 
The  extended  lines  ox,  oy  and  os  are  the  true  vectors. 
The  dotted  extensions  ax  by  and  cs  are  the  portions 
omitted  from  the  working  diagram,  and  retained  only 
in  the  imagination  of  the  worker,  that  he  may  not  lose 
sight  of  the  logic  of  the  method. 

These  fundamentals  of  vector  representation  may 
be  illustrated  by  a  practical  example.  The  three-volt- 
meter method  of  measuring  power  illustrates  an  appli- 
cation of  the  triangular  combination  of  vectors,  and  the 
importance  of  not  losing  sight  of  the  arrow-heads. 
Thus  to  measure  the  power  input  of  an  inductive  load 
Z,  Fig.  II,  connected  in  series  with  a  non-inductive  re- 


sistance R,  the  three  voltmeter  readings  E,  Ez,  and  £b, 
represented  in  Fig.  12  to  a  convenient  scale  by  three 
straight  lines,  are  combined  to  form  a  triangle.  Al- 
though the  angles  are  all  unknown  the  triangle  is  com- 
pletely determined  by  its  three  sides,  and  is  constructed 
Vy  striking  arcs  with  the  radii  £b  and  Ez,  having  their 
centers  at  the  ends  of  the  third  side  £.  This  triangle 
however,  tells  nothing  without  a  correct  interpretation 
of  its  angles.     The  formula  for  the  power  input  of  Z,  is 

Pz  =  £,  /  cos  Q 
The  angle  6  must  therefore  be  determined.  It  is 
known  to  be  the  angle  of  phase  displacement  between 
the  voltage  Ez  at  the  terminals  of  load  Z  and  the  cur- 
rent /  of  that  load.  In  order  to  determine  this  angle  it 
is  necessary  to  have  clearly  in  mind  a  vector  diagram  of 
the  general  construction  of  Fig.  5,  with  its  rotation 
properly  indicated.  It  is  known  that  /  is  in  phase  with 
£r,  that  Ez  is  leading  in  pha.se  with  respect  to  /  (since 
Z  is  an  inductive  load),  and  that  E,  the  total  voltage, 
must  be  the  resultant  or  vector-sum  of  £b  and  Ez.    This 
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FIG.    13  FIG.    14 

FIGS.    13    AND    14 — VECTOR   RELATIONS  OF  VOLTAGES  OF  FIG.    II 

knowledge  of  the  conditions  gives  a  mental  picture  such 
as  Fig.  13,  in  which  the  desired  angle  d  is  the  angle  by 
which  £b  lags  behind  Ez.  And  this  mental  picture  en- 
ables one  to  place  the  arrow-heads  on  the  vectors  of  Fig. 
12,  thus  locating  the  angle  6  and  determining  its  num- 
erical value.  The  result  is  shown  in  Fig.  14,  in  which 
6  is  seen  to  be  an  external  angle  of  the  triangle. 

It  is  in  this  form  that  vectors  are  commonly  em- 
ployed, their  lengths  representing  effective  values,  and 
the  angles  of  their  triangular  combinations,  properly  in- 
terpreted, representing  the  phase  relation.  The  method 
is  applicable  to  any  quantities  which  vary  in  accordance 
with  the  sine  law,  the  only  additional  restriction  being 
that  the  quantities  treated  in  a  given  diagram  must  all 
have  the  same  frequency. 
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HE  DEVELOPMENT  of  the  propulsive  ma- 
chinery for  capital  ships  during  the  last  few 
years,  has  been  very  rapid.  The  reciprocating 
engine,  which  has  held  the  field  until  recently,  had  been 
developed  in  the  United  States  Navy  to  a  high  degree, 
hut  the  obvious  advantages  of  rotating  machinery  led  to 
its  being  superseded  by  the  direct-connected  steam  tur- 
bine. The  direct  turbine  drive  left  a  good  deal  to  be 
desired  from  the  standpoint  of  economy,  especially  at 
light  loads,  which  is  of  particular  importance  as  a 
battleship  steams  most  of  the  time  at  cruising  speed 
which  requires  only  a  small  percentage  of  the  power 
at  full  speed.  The  economy  at  cruising  speed  has  been 
considerably  improved  by  the  addition  of  geared  cruis- 
ing turbines  connected  to  the  main  turbines  through  a 
suitable  clutch  when  running  at  cruising  speeds. 


rate  may  be  maintained  practically  constant  over  a  large 
range.  The  tests  made  by  the  Navy  Department  to- 
gether with  experience  gathered  from  outside  sources 
led  to  the  adoption  of  geared  drive  for  the  90  000  hp 
scout  cruisers. 

The  electrically  driven  collier  has  also  given  very 
satisfactory  service,  and  the  ease  with  which  the  ship 
can  be  maneuvered  is  very  noticeable.  The  steam  con- 
sumption of  the  geared  and  electrically  driven  colliers 
is  approximately  the  same. 

After  due  consideration  of  the  results  of  various 
trials,  it  was  decided  that  electric  propulsion  would  be 
used  for  tlie  newer  battleships,  and  a  contract  was  let 
for  the  equipment  for  battleship  No.  40,  the  New 
Mexico,  which  has  recently  gone  into  commission. 
The  well  known  advantage  of  electric  drive,  allowing 
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A  number  of  years  ago  the  United  States  Navy  de- 
termined to  experiment  with  two  new  types  of  drive 
that  seemed  promising,  but  which  had  not  been  given 
practical  tests,  and  two  of  the  large  colliers  were 
equipped,  one  with  geared  turbines  and  the  other  one 
with  electric  propulsion.  Both  of  these  equipments 
have  given  satisfactory  service  and  have  shown 
that  either  arrangement  would  be  feasible  for 
battleship  propulsion.  In  the  meantime  gearing  had 
been  developed  very  extensively  for  land  installations 
and  where  the  problem  is  simply  to  reduce  the  speed  of 
a  high-speed  turbine  to  the  propeller  speed,  the  geared 
drive  has  proven  entirely  satisfactory.  By  the  use  of  a 
high-speed  turbine  with  geared  drive  the  weight  may 
be  reduced  very  materially  and  very  good  economies 
may  be  obtained,  as  the  turbine  is  operated  at  speeds 
for  which  it  is  naturally  best  adapted.  By  the  addi- 
tion of  a  cruising  turbine  for  lower  speeds  the  water 


of  the  disposition  of  the  apparatus  in  the  best  locations, 
is  of  the  greatest  importance  in  the  design  of  fighting 
ships.  The  full  advantages  of  electric  drive  were  not 
utilized  in  the  case  of  the  New  Mexico  but  as  the  de- 
tailed design  of  the  equipment  developed,  they  became 
obvious  and  when  the  contracts  for  the  Tennessee  and 
California  were  made,  it  was  realized  that  the  adoption 
of  electric  drive  revolutionized  the  design  of  the  ship, 
and  that  some  of  the  features  of  this  type  of  drive 
which  were  considered  of  so  much  importance  when  the 
decision  was  originally  made,  were  actually  secondary 
compared  with  the  military  advantages  that  were  ob- 
tained by  the  utilization  of  the  characteristics  of  the 
electric  machinery. 

In  general  it  may  be  stated  that  the  electric  drive 
and  the  gear  drive  show  approximately  the  same  overall 
steam  consumptions,  both  of  which  are  very  much 
superior  to  the  older  systems,  so  that  a  decision  made 


3IO 


THE    ELECTRIC    JOURNAL 


on  the  basis  of  military  advantages  to  use  either  one, 
does  not  entail  any  sacrifice  in  economy.  The  electric 
dri\e  has  provided  n  new  tool  for  the  naval  constructor 
of  great  value  when  designing  ships  for  modern  con- 
ditions. 'J'he  question  of  reliability  of  electric  drive  has 
not  been  seriously  raised,  as  it  was  realized  that  in  our 
central  stations,  steel  mills  and  other  large  industries, 
the  same  units  had  already  been  utilized  of  equivalent 
power  to  those  which  it  was  proposed  to  install  in  the 
ship,  and  the  only  new  condition  was  that  the  ma- 
chinery would  be  in  a  ship  instead  of  on  dry  land. 

The  Tennessee  will  be  one  of  the  most  powerful 
fighting  ships  built,  having  displacement  of  over  32  000 
tons,  and  a  speed  of  21  knots  at  full  power.     The  equip- 


FIG.    2 — ONE    OF    THE    MAIN     FROPELLING    MOTORS    OF    THE    U.    S.    S. 
"TENNESSEE" 

Showing  the  ventilating  fans  mounted  on  the  housing. 

ment  for  propelling  the  ship  will  consist  of  four  3-phase 
induction  motors,  each  driving  one  propeller,  and  two 
turbogenerators  for  supplying  the  motors  with  power. 
Each  of  the  four  motors  will  develop  7000  hp  at  a  speed 
of  about  180  r.p.m.  and  will  be  capable  of  working  con- 
tinuously at  8375  hp  as  an  overload  condition.  The 
motors  have  two  windings,  of  24  and  36  poles,  so  tliat 
they  have  two  normal  speeds  of  123  and  180  r.p.m.  with 
full  speed  of  the  turbine.  In  this  way  it  is  possible  to 
run  the  turbine  at  its  most  economical  speed  when 
steaming  either  at  full  power  or  cruising  at  15  knots. 
Intermediate  speeds  are  obtained  by  varying  the  speed 
of  the  turbine  and  the  equipment  is  designed  to  main- 
tain a  low  water  rate  over  the  full  range  of  speed  from 


ten  knots  up.  When  operating  below  17  knots,  only 
one  generator  is  used,  and  this  improves  the  economy, 
as  the  load  on  the  unit  is  brought  nearer  to  its  full  ca- 
pacity. The  turbogenerators  supplying  power  to  the 
main  units  each  develop  13  500  k.v.a.  at  full  speed  and 
are  capable  of  carrying  15  000  k.v.a.  continuously  for 
the  overload  condition.  The  generators  are  two-pole 
machines  and  the  unit  runs  at  2 190  revolutions,  cor- 
responding to  36.5  cycles  per  second,  with  the  motors 
running  at  180  r.p.m.  The  maximum  speed  of  the 
turbogenerator  is  2270  r.p.m.,  corresponding  to  37.9 
cycles,  equivalent  to  a  motor  speed  of  186.5  '-P-in. 
which  requires  8375  hp.  To  obtain  lower  speeds,  the 
turbine  speed  is  reduced  to  about  1500  r.p.m.  which 
corresponds  to  the  change-over  point  from  the  24  to 
the  36  pole  connection  of  the  motors.  With  the  change- 
over of  the  motor  connections,  the  speed  of  the  genera- 
tor is  increased  to  2270  revolutions,  corresponding  to 
15  knots  with  the  36  pole  connection.  The  motor  speed 
combination  is  simply  the  equivalent  of  a  variable  ratio 
of  gearing  which  in  the  case  of  the  24  pole  connection 
is  12:1  and  with  the  36  pole  connection  18:1.  The  di- 
rection of  rotation  of  the  machines  is  controlled  by  re- 
versing switches  which  simply  transpose  two  of  the 
phases  at  the  motors,  the  generator  of  course  continu- 
ing to  run  in  the  same  direction.  The  motors  have  two 
separate  windings  on  the  stator,  one  the  24  pole  and  the 
other  the  36  pole  connection.  The  same  results  might 
have  been  obtained  by  use  of  one  winding,  but  this 
would  have  entailed  greater  complication  in  the  connec- 
tions and  would  have  restricted  the  design  in  other 
ways.  The  rotor  has  a  single  polar  winding  for  24 
poles  which  is  connected  to  the  slip  rings  in  the  ordi- 
nary way,  so  that  resistance  can  be  inserted  in  the  cir- 
cuit during  starting  or  reversing.  When  the  machine 
is  operating  on  the  36  pole  connection,  the  rotor  wind- 
ing cross-connections  act  as  short-circuiting  connec- 
tions for  this  pole  combination.  With  the  24  pole  com- 
bination, they  act  as  equalizing  connections  between 
points  of  equal  potential.  On  the  36  pole  connection, 
the  motor  operates  as  a  squirrel-cage  machine  and  it  is 
not  intended  that  this  winding  should  be  used  during  the 
starting  or  reversing,  but  only  as  a  running  winding. 
In  this  way,  only  one  winding  is  used  arid  one  set  of 
slip  rings. 

The  speed  of  the  turbine  is  varied  by  means  of  a 
unique  hydraulically-operated  governor.  The  loading 
of  the  governor  is  regulated  by  means  of  a  variable 
pressure  oil  system,  the  pressure  of  which  is  regulated 
with  great  accuracy  by  a  pressure  regulating  mechan- 
ism operated  by  the  control  handle.  In  this  way,  any 
mechanical  connection  through  shafts  or  rods  with  the 
governor  from  the  operating  point,  with  the  consequent 
danger  of  jamming  where  passing  through  bulkheads, 
is  avoided.  A  unique  feature  of  this  arrangement  is 
that  the  pressure  is  caused  to  pulsate  slightly  so  that 
the  whole  of  the  regulating  and  governor  mechanism  is 
kept  slightly  in  motion,  and  thereby  prevented  from 
sticking,  thereby  adding  greatly  to  the  sensitivity  of  the 
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control,  which  is  of  great  importance  when  ships  are 
steaming  in  formation.  The  turbines  are  of  the  West- 
inghouse  semi-double  flow,  impulse-reaction  type.  The 
high-pressure  steam  is  expanded  in  suitable  nozzles  and 
passes  through  a  two  row  impulse  wheel,  after  which  it 
passes  through  the  first  stage  of  the  reaction  expansion, 
which  is  single  flow.  The  steam  then  divides  and 
passes  through  the  low-pressure  stages  of  the  turbine, 
which  are  double  flow.  The  turbine  is  provided  with  an 
automatic  stop  to  cut  off'  steam  in  case  the  speed  should 
exceed  the  maximum  safe-operating  value.  The  main 
hydraulically-operated  governor  maintains  speed  prac- 
tically constant  at  any  value  set  by  the  control  mechan- 
ism, independent  of  the  load,  so  that  in  case  the  pro- 
pellers should  leave  the  water  during  rough  weather 
there  will  be  no  racing. 

The  generators  and  motors  are  very  carefully  in- 
sulated for  this  service  so  as  to  prevent  damage  due  to 
moisture  or  the  accumulation  of  salt,  and  also  due  to 
the  high  temperatures  which  are  liable  to  be  encoun- 
tered in  this  service.  The  principal  material  used  for 
insulation  of  coils  in  the  slots  is  mica,  and  the  machines 
are  capable  of  withstanding  slot  temperatures  up  to  at 
least  150  degrees  C.  without  injury.     Ventilation  of  the 
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FIG.    3 — STEAM    CONSUMPTION    CURVE 

For  the  propelling  machinery  of  the  "Tennessee"  including 
power  required  for  excitation,  the  main  circulating  pumps,  con- 
densate pumps  and  motor  ventilation. 

generators  is  provided  by  fans  supplying  air  to  each 
engine  room  and  the  fans  on  the  generator  forcing  the 
air  through  the  machine  and  out  through  ducts.  The 
motors  each  have  two  fans  mounted  directly  above 
them  which  draw  the  air  through  the  motor  and  force 
it  out  through  the  ventilating  ducts.  The  generators 
are  excited  from  the  direct-current  power  circuit  of  the 
ship  through  boosters  which  are  capable  of  raising  the 
normal  240  volt  supply  to  320  volts  or  reducing  it  to 
zero. 

The  power  supply  from  the  turbogenerators  is 
brought  to  a  centrally  located  control  room  in  which  is 
mounted  all  the  necessary  switching  apparatus  for  con- 
trolling and  distributing  the  power  to  the  motors.  In 
this  room  is  mounted  the  regulating  apparatus  for  the 
main  turbines,  the  field  switch  and  rheostat  for  the 
turbogenerator  excitation,  and  the  liquid  rheostats  for 
the  main  motors.  All  necessary  instruments  for  the 
operation  of  the  equipment  are  mounted  directly  in 
front  of  the  operators  and  full  advantage  is  taken  of 
the  great  facility  with  which  electric  power  can  be 
measured,  inasmuch  as  it  will  assist  in  the  operation 
of  the  ship.  For  starting  and  reversing  the  main  mo- 
tors, automatic  liquid  rheostats  are  used  which  are  of  a 


si.nilar  design  to  those  used  previously  for  industrial 
purposes.  These  liquid  rheostats  consist  of  tvv'o  tanks, 
the  upper  containing  a  series  of  fixed  electrodes  and  the 
lower  acting  as  a  reservoir.  By  means  of  a  suitable 
pump,  the  electrolyte  is  caused  to  flow  from  the  lower 
to  the  upper  tank  at  the  proper  rate  to  cause  the  desired 
acceleration.  When  the  bypass  between  the  two  tanks 
is  open,  the  electrolyte  is  maintained  within  the  elec- 
trode tank  at  the  proper  level  to  give  the  maximum  re- 
sistance. When  this  bypass  is  closed,  the  electrolyte 
rises  in  the  upper  tank,  thereby  progressively  short-cir- 
cuiting the  electrodes  until  the  minimum  resistance  is 
reached  at  the  overflow  point,  after  which  the  liquid 
simply  continues  to  circulate  through  the  two  tanks.  A 
switch  is  provided  so  that  this  rheostat  may  be  short- 
circuited. 

The  cables  for  connecting  the  turbogenerators  and 

motors  are  of  great  importance,  as  the  operation  of  the 

i 


FIG.   4— DOUBLE   LIQUID    RHEOSTAT 

For  starting  the  main  propelling  motors, 
ship  depends  upon  their  reliability.  A  number  of 
parallel  circuits  are  used,  each  cable  being  of  the  three- 
core  type,  and  the  failure  of  any  single  cable  would 
not  seriously  interfere  with  the  operation  of  the  ship. 
The  main  cables  are  of  the  same  order  of  importance 
as  the  main  steam  pipes;  hence  the  greatest  care  has 
been  taken  to  insure  that  these  cables  should  be  the  best 
type  that  is  possible  to  manufacture  for  the  service  and 
to  this  end,  a  committee  of  the  American  Institute  of 
Electrical  Engineers  assisted  the  Navy  Department  in 
preparing  the  specifications. 

The  main  au.xiliaries  in  the  engine  rooms  are  elec- 
trically driven.  The  main  circulating  pumps  are 
driven  by  235  hp  direct-current  motors,  directly  con- 
nected to  centrifugal  pumps,  the  speed  of  which  can  be 
varied  to  suit  various  conditions  of  operation.  In  this 
way,   the   power   consumption   can   be   reduced   as   the 
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speed  of  the  ship  is  reduced.  The  principal  provision 
for  maintaining  vacuum  in  the  condenser  is  the  use  of 
LeBlanc  air  ejectors,  which  are  novel  for  this  class  of 
ship.  These  air  ejectors  have  already  been  successfully 
tried  out  by  the  Navy  Department  on  other  vessels  with 
such  satisfactory  results  as  to  justify  their  adoption 
for  these  vessels.  The  condensate  from  the  condensers 
is  handled  by  vertical  electrically-driven  centrifugal 
condensate  pumps  so  that  the  whole  of  the  essential 
auxiliary  apparatus  for  the  turbines  is  rotary  and,  based 
on  the  experience  in  land  service  as  well  as  at  .sea,  a 
greater  reliability  and  lower  maintenance  can  be  antici- 
pated for  these  equipments  compared  with  past  prac- 
tice. The  use  of  air  ejectors  enables  the  vacuum  to  be 
maintained  at  least  as  high,  if  not  higher,  than  the  older 
combination  of  reciprocating  air  pump  and  Parsons 
augmentor,  and  the  space  and  weight  are  a  very  small 
fraction  of  that  required  with  the  older  system. 

While  steam  consumption  is  not  of  vital  import- 
ance, on  account  of  the  other  advantages  of  electric 
drive,  yet  the  figures  that  can  be  obtained  are  very  ap- 
preciably better  than  the  direct  connected  turbine  and 


are  lower  than  any  past  practice.  The  anticipated 
steam  consumption  of  the  propelling  machinery  includ- 
ing the  power  required  for  the  ventilation  of  the  mo- 
tors, the  main  circulating  pumps,  the  condensate  pumps 
and  excitation  of  the  turbogenerators  is  shown  in  Fig. 
3.  It  will  be  seen  that  from  10  to  15  knots,  only  one 
generator  is  used,  the  motors  being  connected  for  36 
poles.  From  15  to  17  knots,  the  motors  are  connected 
for  24  poles  and  one  generator  is  used.  From  17  knots 
to  21  knots,  both  generators  are  in  operation,  each  ma- 
chine supplying  power  to  two  motors,  each  side  of  the 
ship  being  independently  operated. 

In  designing  the  equipment  for  the  Tennessee, 
every  effort  has  been  made  to  avoid  the  introduction 
of  experimental  or  risky  constructions,  and  the  design 
is  such  that  the  experience  gained  in  other  fields  has 
been  utilized  to  full  advantage,  and  the  design  factors 
have  been  kept  within  well-developed  practice.  At  the 
same  time  provisions  have  been  made  so  that  the  full 
advantages  of  the  characteristics  of  electric  drive  can 
be  utilized  in  the  operation  of  the  ship. 
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THE   CAR   DUlMPER   is   a   special   machine   de- 
signed for  unloading  ore  or  coal  from  open  type 
railway  cars.     The  apparatus  consists  of  two  es- 
sential part-s — the  barney  haul  and  the  cradle  hoist. 

A  train  of  loaded  cars  is  placed  on  a  slight  incline 
approaching  the  car  dumper.  An  individual  car  is  de- 
tached and  passes  down  the  incline  to  the  barney  haul, 
which  consists  of  a  small  car  with  a  pusher  arm  pro- 
jecting above  the  track  between  the  rails,  attached  to  a 
cable  driven  by  an  electric  motor.  The  arm  engages 
the  rear  of  the  car  and  pushes  it  up  an  incline  to  the 
cradle  hoist.  The  car  is  fastened  securely  in  the  cradle 
by  clamps,  shown  in  Figs.  2  and  4,  which  engage  the 
top  of  the  car  and  hold  it  firmly  against  the  rails.  These 
clamps  consist  of  vertical  members  which  are  curved 
into  hooks  at  the  top.  There  are  several  of  them  on 
each  side  of  the  car,  set  high  enough  to  clear  the  largest 
car  and  held  down  by  counterweights,  such  as  the  small 
rectangular  counterweights  shown  in  Fig.  2.  When  the 
cradle  is  hoisted  they  engage  the  top  of  the  car,  exerting 
sufficient  force  to  retain  the  car  in  place  when  the  cradle 
turns  it  over.  By  the  use  of  counterweights  a  very 
flexible  form  of  clamping  is  obtained,  which  is  entirely 
automatic  in  its  operation.  Clamping  bars  may  be 
used  instead  of  hooks  as  shown  in  Fig.  4.  The  cradle 
hoist  lifts  the  car  to  a  fixed  elevation  and  turns  it  over, 
emptying  the  contents  of  the  car  onto  an  apron  pro- 
vided with  a  chute  for  directing  the  contents  into  the 
proper  place.  This  method  of  unloading  is  used  ex- 
tensively in   connection    with   coal   and  ore.     The  ma- 


terial mav  be  loaded  onto  a  conveyor,  into  a  boat  or  a 
hopper  car.  The  empty  car  is  returned  to  the  track 
level  and  the  clamps  removed.  The  next  loaded  car 
pushes  the  empty   car  onto  an   incline  located  on  the 


FIG.    I — CAR  DUMPER 

Showing  the  incline  on  the  approach  side.  This  dumper  is 
used  for  loading  coal  into  boats  and  is  provided  with  a  special 
form  of  pan  and  chute  for  this  purpose.* 

Other  side  of  the  cradle  hoist.  The  empty  car  descends 
by  gravity  to  an  assembling  track  or  switch,  where  it  )S 
taken  care  of  in  the  usual  wav. 


*Car  Dumper  built  by  McMyler  Interstate  Company. 
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BARNEY   HAUL 

The  barney  haul  is  usually  operated  by  a  direct- 
current  compound-wound  motor,  although  a  series  mo- 
tor may  be  used  where  there  is  sufficient  friction  to 
eliminate  any  danger  of  over-speeding.  The  controller 
is   usually   of   the   rheostatic   reversing   type,   provided 


FIG.    2 — BACK  VIEW   OF   CAR  DUMPER   OF   FIG.    I 

with  one  armature  shunt  point  to  give  a  slow  speed 
when  the  barney  engages  the  car.  A  series  or  com- 
pound motor  is  able  to  exert  the  heavy  torcjue  required 
during  the  period  of  moving  the  car  up  the  incline. 
On  the  reverse  motion  the  weight  of  the  barney  is  in- 
sufficient to  overhaul  the  cable ;  it  is  therefore  necessary 
to  operate  the  motor  drive  in  the  reverse  direction.  A 
series  or  a  compound  motor  gives  a  high  speed  return 
under  this  light  load.  In  calculating  the  size  of  motor 
and  control  the  heating  effect  is  based  upon  the  period 
of  heavy  load  during  hoisting  and  the  light  load  on  the 
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for  other  applications — two  motors.  Where  the  barney 
haul  requires  only  half  the  horse-power  of  the  cradle 
hoist,  the  use  of  three  motors  of  the  same  rating  makes 
a  good  arrangement.  The  armatures  and  other  spare 
parts  of  the  motors  remain  the  same,  the  only  differ- 
ence being  the  field  windings. 

While  the  loaded  car  is  being  hoisted,  the  maximum 
amount  of  torque  is  required.  After  the  proper  height 
has  been  reached  and  the  car  begins  to  turn  over,  the 


FIG.   4 — CAR  DUMPER  DISCHARGING  THE  COAL  FROM  A  CAR 

The  car  is  held  against  the  track  by  means  of  bars  instead 
of  hooks. t 

load  decreases  but  still  remains  positive  due  to  the  ar- 
rangement of  counterweights.  In  returning  the  empty 
car  the  motor  first  operates  under  a  friction  load  while 
swinging  the  cradle  over  to  the  upright  position  of  the 
car.  The  cradle  and  car  are  then  lowered  under  dyna- 
mic braking  to  the  track  level.  The  cradle  is  counter- 
balanced to  make  the  work  done  during  the  total  cycle 
as  small  as  possible. 

The  controller  connections.  Fig.  5,  provide  for  full 
reverse  with  dynamic  braking  in  the  lowering.  The 
controller    consists    of    magnetic    contactors    operated 
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FIG.    3 — DIAGRAM  OF  CONNECTIONS  FOR  BARNEY  HAUL 

return  stroke.  The  motors  run  from  150  to  300  hp,  at 
either  230  or  500  volts.  The  controller  is  of  the  mag- 
netic contactor  type  Fig.  3.  Limit  switches  are  pro- 
vided to  stop  the  motor  automatically  at  each  limit  of 
travel.  Both  the  gear  type  and  the  track  type  limit 
switches  have  been  used. 

CRADLE    HOIST 

The  motors  for  the  cradle  hoist  are  of  the  direct- 
current  series  type.     Sometimes  a  single  motor  is  used, 


FIG.    5 — SCHEME  OK  CONNECTIONS  FOR  CRADLE   HOIST 

Using  two  motors  in  parallel.  Each  motor  has  a  separate 
set  of  resistors  short-circuited  simultaneously  by  double  pole 
contactors.  The  acceleration  is  by  current  limit  relays  and  the 
relay  coils  are  shown  in  the  circuit  of  No.  2  motor.  The  motors 
are  geared  together  rigidly  and  must  be  accelerated  as  a  single 
unit. 

from  a  master  switch.  The  limit  of  travel  in  both  di- 
rections is  controlled  by  limit  switches,  either  of  the 
gear  or  track  type.  The  motors  range  in  size  from  a 
total  of  250  to  400  hp,  sometimes  divided  between  two 


tCar  Dumper  built  by  Wellman-Seaver-Morgan  Company. 
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motors.     Usually  the  single  motors  do  not  exceed  350 
hp. 

The  distance  of  the  vertical  hoist  before  the  car 
is  turned  over  depends  upon  the  applications.  In  some 
cases  this  hoist  may  be  40  to  50  ft.,  in  other  cases  only 
a  short  distance.  Where  the  vertical  travel  is  consider- 
able, it  is  usually  necessary  to  slow  down  the  cradle 
where  the  motion  changes  from  vertical  to  rotating.  In 
coming  back,  the  rotating  motion  is  slowed  down  where 
it  changes  to  vertical.  This  slowing  down  is  to  avoid 
shocks  when  the  cradle  enters  and  leaves  the  hooks  or 
trunions. 

The  above  description  is  general.  It  applies  in  the 
main  to  various  commercial  types  of  car  dumpers,  each 
particular  design  embodying  ingenious  features  for  tak- 
ing care  of  the  details.  The  arrangement  of  the  bar- 
ney differs  with  various  companies.  It  is  necessary  to 
return  the  barney,  so  that  it  will  pass  underneath  the 
next  car.     This  may  be  done  by  a  system  of  two  track 


FIG.   6 — CAR  DUMPER   LOADING  COAL  INTO   A  BOAT* 

levels  or  by  an  arrangement  for  rotating  the  arm  into  a 
horizontal  position  during  the  return  part  of  the  travel. 
The  details  of  changing  the  motion  of  the  cradle  from 
the  vertical  hoist  to  the  rotating  motion  differ  in  vari- 
ous designs.  The  car  dumpers  illustrated  in  Figs,  i 
and  6  employ  an  ingenious  arrangement  to  permit  the 
operator  on  the  outer  end  of  the  pan  to  get  back  and 
forth  to  the  main  cab.  It  consists  in  a  duplica'e  sat  of 
controllers  for  hoisting  the  pan  so  that  the  (Tcrator  may 
bring  the  hinged  end  of  the  pan  back  on  a  i .  vtl  with  the 
stationary  cab  and  then  raise  the  pan  to  a  horizcntal 
position  to  permit  him  to  walk  over  his  cab  to  the  main 
cab.  Various  designs  of  pans  or  chutes  are  employed 
for  directing  the  contents  of  the  car  in  the  desired  man- 
ner. 


PAN    OR    APRON 

Where  the  coal  or  ore  is  loaded  into  the  vessel,  an 
adjustable  pan  or  apron  provided  with  a  chute  is  fur- 
nished, the  nozzle  of  which  can  be  turned  in  different 
directions.     This  arrangement  is  illustrated  in  Fig.   i. 


FIG.    7 — CAR    DUMPER    ARRANGED    FOR    DUMPING    COAL    OR    ORE 
INTO  A   YARD 

Separated  from  the  track  by  a  wall.  The  coal  or  ore  is 
taken  from  this  point  by  a  bridge  with  a  grab  bucket.  This 
form  of  car  dumper  is  arranged  for  moving  along  the  wall  and 
is  carried  on  a  special  track,  t 

The  pan  is  raised  or  lowered  by  a  pair  of  screws,  one 
of  which  is  attached  to  each  upright.  These  screws  are 
driven  by  reversible  motors  with  the  ordinary  rheo- 
static  control.  The  pan  is  hinged  to  the  two  uprights 
of  the  car  dumper  and  the  outer  end  is  raised  or 
lowered  by  means  of  an  electric  motor.  The  control 
for  this  motor  is  similar  to  the  control  for  the  cradle 
hoist,  only  much  smaller.  It  provides  for  rheostatic 
control  in  the  hoisting  direction  and  dynamic  braking  in 
lowering. 


FIG.   8 — MOTORS   AND  CONTROLLERS   FOR  OPERATING  CAR  DUMPER 

The  chute  is  provided  with  a  small  motor  for  ro- 
tating it.  The  operator  is  located  in  the  cab  immedi- 
ately above  the  chute  and  controls  the  height  and  loca- 
tion for  the  opening  in  the  chute  by  means  of  the  con- 
trollers just  described. 


*Car  Dumper  built  by  McMyler  Interstate  Company. 


tCar  Dumper  built  by  Wellman-Seaver- Morgan  Company. 
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CondiiioMS  for  iViuiiiJiuja  Cost  ©f  ©jiorailon 

E.  G.  Reed 

HE  discussion  in  section  XII  related  to  the  cal-  Where    p    and    d    are    the    production    and    fixed 

culation  of  the  total  3-early  cost  of  operating  a     charges    respectively    for    producing    electrical    eneroy 


transformer  while  the  present  section  is  con 
earned  with  the  relations  of  its  various  characteristics 
which  will  make  the  total  yearly  cost  of  operation  a 
minimum.  As  in  the  previous  case  the  conclusions 
reached  depend  upon  the  assumptions  made  as  to  cost 
of  power,  cost  of  transformer  and  conditions  of  load. 
Therefore  no  general  answer  can  be  made  which  will 
be  applicable  to  all  cases,  and  if  the  data  as  to  the  aver- 
age conditions  of  a  large  number  of  cases  at  a  given 
time  are  obtained  the  solution  is  still  not  a  general  one 
as  the  relative  values  of  the  various  constants  are  con- 
tinually changing. 

RATIO    OF    COPPER    TO    IRON    LOSS    TO    MAKE    THE    YEARLY 
COST   OF  THE   LOSSES  A   MINIMUM 

In  order  to  get  a  definite  idea  as  to  the  conditions 
which  make  the  total  cost  of  operation  a  minimum, 
with  change  of  the  ratio  of  the  losses,  the  subject  may 


and  F  is  the  quantity  which,  multiplied  by  the  copper 
loss  at  normal  load,  gives  the  actual  continuous  copper 
loss  over  the  daily  load  curve. 

Restricting  the  solution  to  a  load  of  loo  percent 
power- factor,  this  may  be  written — 

Dollars  per  year  =  L,  (/.+(/)  -|-  L,  (pF+d)  +  2  L,Fk 

Substituting  the  value  of  Lc  from  equation  (2), 
gives, — 

Dollars  per  Year  =  L,  [{p+d)  +  r(pF+d)  -f-  2  rFkl 

Substituting  the  value  of  Z..  from  equation  (3), 
gives,— 

noUarsperyear=Co>,s/a,U^^-^^-^^  +1    F  (pF+d) +^y7  Fi] 

Dififerentiating  this  expression  with  respect  to  r 
and  putting  the  differential  coefficient  equal  to  zero 
gives, — 

_       (P+d) 

(4) 


pF+d  +  2Fk 
TABLE  I-TOTAL  YEARLY  COST  OF  OPERATING  A  FIVE  K.V.A.  TRANSFORMER 


r 

Iron  Loss 

Copper 
Loss 

Percent 
Exciting 
Current 

Percent 
Regulation 

Investment 
Charge 

Cost  of            1        Cost  of 
Iron  Loss                  Copper 
1          Loss 

Cost  of 
Exciting 

Cost  of 
Regulation 

Total 
Yearly 

1.0 

1-5 
2.0 

2-5 
3-0 

64.8 
53-0 

45-8 
41.0 

37-5 

64.8 

79-2 

91.7 

102.5 

II  2.0 

6.0 
3-0 
2.2 

1-75 
1.6 

2.04 
2.29 

2.52 
2.71 
2.87 

$5-61 
S.61 
S.61 
S.61 
5.61 

$5-51 
4-5 1 
3-90 
3-48 
3-19 

4-36 
4-00 
3-57 

$2-53 

0.22 
0.24 
0.29 
0.38 

$0.66 

1.89 

1-79 
1.67 

$1-35 

15-27 
1512 
15.04 
15-10 

$15-66 

be  treated  analytically  as  follows.  The  cost  of  the  ex- 
citing current  cannot  easily  be  brought  into  the  rela- 
tion, but  since  its  cost  is  the  smallest  element  of  the 
total,  Its  omission  does  not  greatly  change  the  result. 

If  on  tlie  same  frame  the  iron  loss  is  increased,  tlie 
exciting  current  increases.  When  the  copper  loss  in- 
creases, the  regulation  becomes  poorer,  particularly 
with  loads  of  high  power-factor.  The  relation  between 
the  losses  of  a  transformer  of  fixed  output  on  a  given 
frame,  and  therefore  of  constant  cost,  as  given  in  sec- 
tion IV,  equation  (7),  is  as  follows:— 

•'-•«  Li  :=  Constant  / j\ 

Where  L.  is  the  copper  loss  by  wattmeter  at  75  de- 
grees C,  and  I,,  is  the  iron  loss. 

The  relation  between  the  losses  is  indicated  by  r 
when,  — 

Lo_ 

'■-     /-,   (s) 

Combining  equations   (i)   and   (2), 
.     Constafil 

'  ~   v~    (^) 

The  costs  of  operating  the  transformer  which  vary 

with  the  ratio  of  tlie  losses,  aside   from  the  exciting 

current  are,  from  section  XII,  equations  (2)  and  (5)  — 

Dollars  per  year  =  U  {p+d)  -f  U  (pF+d)  +  20  RPFk 


Example  i-What  is  the  value  of  the  ratio  of  the  losses  to 
make  the  cost  of  the  losses  a  minimum,  for  a  5  kva    trans- 
former operating  under  the  following  conditions  —  '  '  ' 
where  L,  =  42;  F  =  0.167;  L,  =  100;  and  /fe  =  004 
p  =  0.055 
d  =  0.03 
p+d  =  0.085 
pF+d  :=  0.039 
Cost  of  transformer  =  $51.00 
Anmial  interest  charge,  i  =  o.Il 

From  equation  (4),—  r  = ^^^ 

^^^'      ^        o.o3go  -\-  0.0134  ~ 

The  values  of  the  losses  to  give  this  ratio  are,—  L,  =  cj 
and  Lc  ^  82  •  •         D' 

To  get  the  actual  minimum  cost  of  operating  the 
transformer  the  cost  of  the  exciting  current  must  be 
taken  into  account.  The  cost  of  the  exciting  current 
for  a  transformer  fully  loaded  continuously  is  a  matter 
of  some  importance,  but  of  smaller  importance  when 
tire  transformer  is  operated  at  full  load  only  a  portion 
of  the  time. 

The  total  cost  of  operating  the  five  k.v.a.  trans- 
former with  different  ratios  of  the  losses,  using  the 
same  frame  in  all  cases  is  given  in  Table  I. 

When  the  cost  of  the  exciting  current  is  taken  into 
account,  the  ratio  of  the  losses  becomes  closer  to  a 
value  of  2  as  shown  by  the  table,  than  the  case  in  Ex- 
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ample  i,  where  the  exciting  current  is  ignored.  Table 
I,  also  gives  the  investment  charge,  which  is  a  constant 
quantity  and  tlierefore  does  not  affect  the  point  of 
minimum  total  cost  with  variation  of  the  ratio  of  the 
losses.  In  calculating  this  table  a  five  k.v.a.  trans- 
former frame  was  used  which  was  designed  for  a  ratio 
of  the  losses  between  2  and  2.5.  When  this  frame  is 
worked  at  a  magnetic  density  which  raises  its  iron  loss 
up  to  equality  with  the  copper  loss,  a  relatively  high 
exciting  current  results.  This  keeps  the  point  of  mini- 
mum yearly  total  cost  of  operation  at  a  higher  ratio  of 
copper  to  iron  loss  than  would  result  if  the  frame  were 
designed  for  a  higher  iron  loss. 

The  striking  point  brought  out  by  Table  I  is  that 
the  total  cost  of  operating  the  transformer  changes 
very  slowly  from  a  minimum  charge  of  $15.04  for  a 
ratio  of  2,  for  increasing  or  decreasing  values  of  the 
ratio  of  the  los.ses.  For  example,  changing  the  ratio 
from  2  to  7.5,  the  cost  increases  $0.06  or  less  than  one 
percent  of  the  yearly  cost  of  operation.  Changing  the 
ratio  from  2  to  2.§,  a  correspondingly  low  increase  in 
the  yearly  cost  is  found.  This  would  indicate  that  at- 
tempts to  secure  low  iron  in  distributing  transformers 
has  perhaps  been  overdone,  when  the  low  iron  loss  is 
secured  by  increasing  the  copper  loss  and  regulation. 
The  really  important  item  in  comparing  the  relative 
economy  of  two  transformers  is  the  product  of  iron  and 
copper  losses,  assuming  of  course  that  the  exciting  cur- 
rent has  a  reasonably  low  value,  and  the  ratio  of  the 
losses  is  between  7.5  and  2.5. 

It  is  evident  from  equation  (4),  that  r  increases 
when  F  or  k  decreases,  and  when  p  increases.  Changes 
in  the  value  of  d  will  have  a  relatively  small  effect  on 
the  value  of  r.  It  is  also  evident  that  when  F  becomes 
unity,  that  is  the  transformer  is  fully  loaded  continu- 


rating  which  will  make  the  total  cost  per  k.v.a.  output 
a  minimum. 

Example  2 — What  is  the  most  economical  output  rating 
of  the  transformer  covered  by  Example  i?  This  problem  is 
analyzed  in  Table  II. 

It  is  evident  from  Table  II  that  with  the  constants  assumed, 
the  transformer  could  be  operated  with  a  minimum  cost  per 
k.v.a.  output  somewhere  between  six  and  seven  k.v.a.  How- 
ever, the  curve  is  vcrj'  flat  in  this  region  and  the  increased  cost 
per  k.v.a.  output  from  seven  to  five  k.v.a.  only  about  five  per- 
cent. Also,  aside  from  the  question  of  economy,  the  regulation 
for  the  higher  ratings  becomes  objectionable  from  the  point  of 
view  of  service,  also  questionable  because  of  considerations  of 
heatmg,  and  finally  a  normally  rated  7.5  k.v.a.  transformer  wHl 
have  a  lower  cost  of  operation  per  k.v.a.  output  than  the  five 
k.v.a.  transformer  covered  by  Example  2. 
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FIG.    I — V.\RIATION    OF    THE    ECONOMIC    RATIO    OF    COPPER    TO    IRON 
LOSS    WITH    CHANGES    OF    LOSS    FACTOR    OF    THE   LOAD    CtJRVE 

Example  3— What  is  the  cost  of  operation  of  a  7.5  k.v.a. 
transformer  which  has  a  cost  of  $66,00  and  the  following  per- 
formance characteristics? 

Li  =  57;  Lc  =  132;  HI  =  0.015s;  and  regulation  at  90  per- 
cent power-factor  =:  2.63. 

I — Investment  charge  $  7.26 

2 — Cost  of  iron  loss  4.85 

3 — Cost  of  copper  loss 5. 15 

4 — Cost  of  exciting  current   0.33 

5 — Cost  of  regulation 2.64 


Total $20.23 

This  gives  a  cost  of  $2.70  per  k.v.a.  output,  which 
is  less  than  the  minimum  cost  per  k.v.a.  output  of  the 


TABLE  II— TOTAL  YEARLY  COST  PER  KV.A.  OUTPUT  OF  OPERATING  A  GIVEN  TRANSFORMER 


K.VA, 
Output 

Iron  Loss 

Copper 
Loss 

Percent 
Exciting 
Current 

Percent 
Regulation 

Investment 
Charge 

Cost  of 
Iron  Loss 

Cost  of 

Copper 

Loss 

Cost  of 
Exciting 
Current 

Cost  of 
Regulation 

Total  Cost 

Cost  per 
K.  V.  A, 

4 
5 
6 
7 
8 

42 
42 
42 
42 
42 

64 
100 
144 
196 

2.25 

l8 
1. 12 

2.14 
2.67 
3-21 

3-74 

$S-6i 
S.61 
5.61 
5.61 
S.61 

$3-57 
3-57 
3-57 
3-57 
3-57 

$2.5 

3-9 

5-62 
7.65 
9-99 

$0.25 
0.25 
0.2s 
0.25 
0.25 

$1.14 
1.76 

2-53 
3-44 
4-47 

$13-07 
1509 
17.58 
20.52 
23.89 

$3.26 
3.02 
2.93 
2.87 
2.99 

ously,  the  value  of  r  becomes  less  than  unity.  Fig.  i 
shows  the  variation  of  the  value  of  r,  with  changes  of 
F,  when  p,  d  and  k  have  values  as  given  in  the  examples 
already  given. 

THE     MOST    ECONOMICAL    OUTPUT     RATING    OF    A     GIVEN 
TRANSFORMER 

The  examples  which  have  been  given  consider 
transformers  of  fixed  output  and  have  calculated  the 
yearly  cost  of  operation  including  the  investment 
charge,  the  cost  of  the  losses  and  the  regulation.  It 
will  be  interesting  to  determine  if  a  given  transformer 
can  be  operated  economically  at  other  than  its  normal 
rated  output.  This  can  be  analyzed  by  permitting  the 
output  of  the  transformer  to  vary  and  determining  the 


five  k.v.a.  at  an  increased  output  in  the  neighborhood 
of  seven  k.v.a.  Further,  this  7.5  k.v.a.  transformer 
does  not  have  the  objectionable  features  of  over-heat- 
ing or  bad  regulation  as  does  the  five  k.v.a.  unit  when 
operated  at  the  higher  rating. 

There  are,  however,  cases  arising  in  practice  where 
there  is  only  one  transformer  available  for  a  particular 
service  and  in  such  cases  it  is  important  to  know  the 
most  economical  load  which  the  unit  should  carry  un- 
der the  particular  operating  conditions.  This  load  may 
be  determined  analytically  as  follows,  but  care  should 
be  used  not  to  select  a  rating  which  will  give  an  ob- 
jectionable regulation  from  the  point  of  view  of  ser- 
vice, or  one  which  will  overheat  the  transformer. 
The  total  cost  of  operating  the  transformer  is : — 
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Dollars  per  year  =  i  €+/.;  (p+il)  +  A'+L\  {p  F+i1)-\- zl-'c  F  k 
Dollars  per  Year  per  k.v.a.  =: 

iC  +  Li(p  +  d)  +  A^+L',[ipF+d)  +^F/:]  ^^^ 

F' 

Where  P'  is  the  most  economical  rating  under  the 
assumed  conditions,  C  is  the  cost  of  the  transformer  in 
dollars,  »  is  the  investment  rate,  expressed  decimally, 
K  is  the  constant  cost  of  the  exciting  current  and  L-' 
is  the  copper  loss,  at  operating  temperature,  associated 
with  this  rating.  In  substituting  Lc'  -^  P'  for  the  reg- 
ulation of  the  transformer,  the  solution  has  been  re- 
stricted to  a  100  percent  power-factor  load,  as  far  as 
the  effect  of  the  regulation  is  concerned. 

Evidently  the  value  of  P'  desired  is  the  one  which 
will  make  the  value  of  equation  (5)  a  minimum.  Be- 
fore differentiating  this  equation  with  respect  to  P'  as 
the  varialde,  it  will  be  necessary  to  obtain  an  expression 
for  the  variable  A>'  in  terms  of  P' .  By  definition 
P'  =  £'  /',  where  /I'  and  /'  are  the  voltage  and  cur- 
rent output  associated  with  the  output  P' .  Also 
Lc'  =  /'-  R' ,  where  R'  is  the  equivalent  resistance  of 
the  primary  and  secondary  windings  of  the  transformer 
at   ojierating   temperature   with   load   P' .     From    these 


Example  4 — What  i-^  the  most  economical  output  rating  of 
the  five  k.v.a.  trans  former  in  Tixample  2? 

R 

From  equation   (7),  assinning  that  (he  ratio  —  i.s  unity, — 


r 


\  'oo  I 


1}^ 


R' 


two  equations, —  /,' 


'■'.  =  (")'- 


//  X  5/  -+-  ./^  X  o.oSs  +  o.^f] 
o.()J9  -|-  <>.o/j.f 

R 

ll  is  olwioits  that  the  value  of -ry-,,  which  is  the  ratio 

of  the  equivalent  resistance  of  the  transformer  when 
oiierating  at  normal  rating  to  the  resistance  when  oper- 
ating at  an  imlput  of  /'',  is  less  than  unity.  An  exact 
deterniination  of  this  ratio  is  ])ractically  imimssible,  Ijut 
it  will  l)e  assumed  that  the  average  temperature  of  the 
transformer  in  thi^-  |),irlicular  case  at  an  output  of  P' 
is  20  degrees  C  higher  than  with  an  output  of  P.     This 

gives  a   value   for  the   ratio  —proi  approximate]\-  o.f;^. 

I^olving  c(|uation  (7)  again  with  this  xahic  of  ^  gi\es 
the  most  economical  rating  as  6.5  k.wa. 

This  checks  the  result  secured  from  F'lxample  2. 
The  value  of  the  output  rating  given  by  I^xample  4  is 
somewhat  greater  than  that  given  by  2,  because  equa- 
ti(in  (7)  considers  the  regulation  at  too  percent  [)ower- 
factor   load   while   T'^xninple   2   contemplates   regulation 


TABLE  in— COMPARATIVE  COSTS  OF  OPERATING  TWO  TRANSFORMERS 

K.  V.  .1. 

Iron 
Loss 

Copper 
Loss 

Pt-neiil 
Exriliiig 
Cm  lent 

Percent 
Ke.iiuhUiun 

IiivesUiient 
Charge 

Cost  of 
Iron  Loss 

Cost  of 

Copper 

Loss 

Cost  or 

Kxcitini; 
Current 

Cost  of 
Re^iulation 

Total 
Yearly  Cost 

5            42 
5            40 

100 
98 

I.S 
1.8 

2.67 

2.63 

$5-61                $3.57 

4.98                        4-17 

$3-00 
3.S3 

$0.25 
0.25 

$1.76 

1-74 

$15-09 
14.97 

Substituting    this    value   of    Lc'    in    equation    (5), 
gives, — 

Dollars  per  year  per  k.v.a.  = 


Differentiating  this  expression  with  respect  to  P' , 
and  putting  the  differential  coefficient  equal  to  zero 
gives,— 

p,.._  ^  \'C+JLi  (p  +  d)  +A'-\ 
F'  I     ipF+d)  +2  Fk     J 
Multiplying  through  by   the  normal   rated   current   / 
squared,  gives, — 


Since  P  = 


E-I'^Vi  C-^  U  {p^d)  +  A-] 
/-A"[  {pF^d)^2Fk  J 
EI,  this  equation  may  be  written. 


A" 


p,.,^     P"-    \i  C  -H  A,  {p  -f- ,/')  -K  AH 

/-A"  L     (/■/•  -ft/)   +  2  h  k     J 

Multiplying   lioth   numerator   and   denominator   bv 
gives, — 


^'-=7777  \.{/>f'  +  ct)  +2  Fk\- 


.{f>) 


But  /_>  =  I'^R^  where  L.-  is  the  copper  loss  of  the 
transformer  in  watts  at  normal  output  P  and  R  is  its 
equivalent  resistance  at  the  temp.-rature  resulting  fiom 
operation  at  output  P.  Then  equation  (6)  becomes,— 
A' 

A^  \'S±^±L^  +  'i)  +^<^ 


P' 


■d)  ^-2 


Fk   J 


9 


at  I/)  percent  power-factor.  The  regulation  at  90  per- 
cent power  factor  being  poorer  than  at  icK)  percent,  the 
charge  for  regulation  is  greater  in  the  former  case.  An 
insiiection  tif  equation  (7)  indicates  that  the  economical 
iiutptit  rating  increases  with  the  investment,  iron  loss 
and  exciting  current  costs,  and  decreases  as  the  copper 
loss  and  regulation  costs  become  greater. 

Kl--t,ATION     OF     THE     C0.ST     01'    A     TRANSFORMIiR     AND     ITS 

LOSSES  TO    MAKE   THE  TOTAL  COST  OF   ITS  0P1-:KATI0N 

A    MINIMUM 

The  preceeding  discussion  has  made  no  reference 
to  the  relation  existing  between  the  cost  of  a  trans- 
former and  its  losses.  In  a  particular  case  a  given 
transformer  might  be  economically  replaced  by  one  of 
higher  cost  and  reduced  losses,  or  one  of  lower  cost 
with  increased  los.ses.  In  order  to  analyze  this  i)hase  of 
the  subject  it  is  necessary  to  know  the  relation  between 
the  cost  of  the  transformer  and  its  losses.  This  rela- 
tion may  be  expressed  algebraically  as  follows,  which 
is  the  same  as  that  in  equation  (12),  section  XI. 


C=  T-t-C (,s') 

(Ai  I-X 
Where  A"'    is  a  constant  and   C    that   part  of  the 
cost   of   a   transformer   which    does   not   vary   with    its 
losses,  as  its  design  is  changed. 

The  total  yearly  cost  of  operating  a  transformer 
aside  from  the  cost  of  the  exciting  current  has  lieen 
shown  to  be, — 


3t8 
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Dollars  per  year  =  i  C  +  Li  {p+d)-^Lc\{p  F+ d)  +2Fi!\{9) 

Substituting  the  value  of  C  from  equation  (8)  and 
the  vahie  of  /,.■  from  etiuation  (2)  in  equation  (9), — 


L?  r' 


"  } 


Differentiating    this   equation    with    respect    to    L 
anil  [lutting  the  cUl^erential  coefficient  equal  to  zero,— 

i^'  ■>  0.25 

L 


•'{- 


ip  +  d)  +r[(r/-  +</)   + 


)  0.2 


If  we  take  r  to  be  equal  to  2,  then 

/.06  i  K'  1  0.25 


-{ 


(/") 


(//) 


(^p^d)+2\{pFJrd)  +^  Fk\\ 

I'roni  e(|uation  (11)  it  is  apparent  that  a  consider- 
able change  in  the  quantity  whose  ex[)onent  is  0.25  is 
required  to  materially  change  the  value  of  Lk  I'or 
example,  increasing  its  value  ten  percent,  increases  the 


value  of  Li  only  two  percent,  and  decreasing  its  value 
ten  percent,  reduces  the  \alue  of  L\  onl\'  two  percent. 

Example  5 — What  should  be  the  cost  and  losses  of  a  five 
k.v.a.  transformer,  based  on  the  conditions  given  in  the  previous 
examples?     The   value  of    K'   to   be   taken    from   a   five  k.v.a. 
transformer  whose  cost  is  $51.00,  and  whose  losses  are, — 
Li  =  42  and  Lc  =  100 
It  will  be  assumed  that  the  cost  of  the  active  material  in 
the  transformer  is  65  percent  of  $51.00  or  $33.25.     From  equa- 
tion (8)  ;  K'  =  33.25  (42X  100)'  =  905  X  10' 
Then  from  equation  (11), — 

I    /.06X0.//X903  X  /o^   \  iif5 
''  ~  '(     "     o.oSs  +  0.10$  \~^^ 

Lc  =  2  X  49  =  98. 

The  new  cost  from  equation   (8)   w^ill  be— 
90s  X  /o* 
^^  U9X9S)-    + '/-z^'  =  -^fZ-J-'-^ 

An  actual  comparison  of  the  cost  of  operating  these  two 
transformers  gives  the  results  shown  in  Table  III. 


*The  author  is  indebted  to  Mr.  J.  B.  Gibbs  for  assistance 
in  lliL-  preparation  of  this  section. 
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Tlv.)  lihlovy  of  .(fi'lioaUd/;  tV'ofciio^i 

Chas.  R.  Riker 


THE  PL'LL  exerted  upon  an  iron  core  by  a  sole- 
noid was  one  of  the  earliest  electrical  phenomena 
observed,  and  it  was  only  natural  that  when  the 
development  of  the  electrical  industry  produced  a  de- 
mand for  measuring  instruments,  this  princii)le  should 
have  been  used.  .\  wide  \ariet_\-  of  such  instruments 
was  produced  prior  to  1S90.  In  se\eral  of  these  a 
straight  vertical  pull  was  balanced  against  the  pull  of 
gravit}-  by  some  such  device  as  that  shown  in  Fig.  17. 
These  instruments  were  known  as  the  glass  and  marble 
type,  although  the  earlier  instruments  brought  out  about 
1S86  were  made  in  a  wooden  frame  with  glass  sides.* 
The  essential  element  of  these  instruments  consisted  of 
a  core  of  soft  iron  wire  which  was  drawn  into  a  long 
solenoid  by  the  current  to  be  measured.  To  avoid  fric- 
tion the  moving  element  was  supported  oil  knife  edges, 
as  in  a  balance,  the  weight  of  the  iron  core  being  bal- 
anced by  an  adjustable  brass  weight  or  a  hollow  cup 
filled  with  shot.  .\  plumb  bob  was  iirovided  inside  the 
case  to  insure  accurate  leveling.  In  the  earlier  \olt- 
meters,  only  one  point  was  provided  on  the  scale,  w  hicli 
represented  the  correct  voltage  for  the  system.  A  slide 
wire  resistance  at  the  right  provided  for  adjustment  of 
this  voltage,  the  main  resistance  element  being  mounted 
on  a  card  at  the  rear  of  the  instrument.  Later  on  as  it 
became  necessary  to  provide  ammeters  with  a  comy^lete 
scale,  it  became  customary  to  |)rovide  a  scale  on  the  volt- 
meters, usually  with  a  dei)ressed  zero  as  shown  in  I'ig. 
18. 


*As  shown   in  Fig.   7,  p.  33,  Jan.   1914  and   Fig.   i,  p.  320, 
July  1915- 


\\  ith  this  t}'pe  of  ammeter  the  main  current  always 
passed  through  the  instrument,  so  that  on  instrument> 
of  large  capacity  the  coil  was  reduced  lo  one  turn  of 
considerable  size.  These  instruments  had  no  damping 
device.  Such  an  ammeter  would  be  impossible  to-day 
on  account  of  the  heavy  generating  capacity  in  the  sta- 
tions; the  first  short-circuit  wmild  tear  it  to  pieces.  In 
a  later  form  the  iron  core  oi  these  instruments  was 
modified  to  consist  of  sections  of  soft  iron  supported 
at  intervals  along  a  central  rod,  as  shown  in  ¥\g.  18, 
thereby  securing  a  more  uniform  scale. 

In  another  variety  of  solenoid  instrument — called 
the  "steel\ard"  ammeter,  the  pull  of  the  solenoid  was 
balanced  hv  a  sliding  weight  on  a  steel  yard  lever,  to  the 
opposite  end  of  which  the  ir()n  core  was  attached.  In 
another  ingenious  instrument,  a  fixed  iron  core  in  the 
solenoid  attracted  an  eccentrically  pivoted  disc  of  iro.i, 
causing  it  to  rotate  against  the  action  of  gravity.  Still 
other  instruments  used  curved  cores  of  various  forms, 
adajned  to  rotary  motion,  the  core  support  being  pivoted 
at  the  side  of  the  coil.  L'sually  the  restraining  force 
was  gravitv,  and  hence  the  instruments  were  suited  only 
for  laboratorv  or  switchboard  purposes.  An  instru- 
ment of  this  tvpe  which  was  designed  for  portability  is 
shov/n  in  Fig.  n).  The  weights  of  the  moving  parts 
were  balanced  so  as  to  be  independent  of  its  position 
;nid  motion  was  restrained  by  a  spring.  In  this  instru- 
ment, the  effects  of  the  heating  of  the  coils  on  the  regis- 
tration were  minimized  in  two  ways: — the  resistance 
external  to  the  coils  was  so  great  that  the  effects  of 
variation  of  the  coil  resistance  were  almost  negligible; 
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and  the  resistance  of  the  circuit  was  divided  into  tw,.  pointer.     Because  the  tube  remamed  practically  in  the 

parts    havin-    opposite    temperature    coefficients    which  same   position   relative   to   the   solenoid  throughout   the 

practically  neutralized  one  another.  entire  range  of  scale;  and  because  it  was  so  thm  as  to 

Another  popular  meter  of  this  type  was  the  Ayrton  become  saturated  at  lo\\   magnetizations,  the  scale  was 
and  I'errv  meter  shown  in  Fig.  20  which  was  based  on 


FIG.    17 — E.ARLY       GL.VSS    AND    MARULE      ALTERN.\TING-CUl(RIiNT 
VOLTAGE   INDICATOR 

the  fact  that  one  end  of  a  flat  spiral  spring  will  rotate 
when  the  spring  is  stretched,  with  the  other  end  fixed, 
the  angle  being  considerable  for  "a  small  extension,  and 
being  proportional  to  the  amount  of  stretching.  The 
spiral  spring  6"  was  fastened  at -its  upper  end  to  the  sta- 
tionary head  H  and  at  its  lower  end  was  attached  to  a 
soft  iron  tube  T  which  formed  the  core  of  the  solenoid 
]V ,  the   tube   being   free   to   rotate,   carrying   with    it   a 


FIG.    18— LATER    VOLTMETER,     HAVING    DEPRESSED     ZERO    SCALE    AND 
IMPROVED  CORE 

uniform  except  over  the  lowest  readings.  A  mirror 
was  provided  to  avoid  parallax  errors  and  a  compass 
to  indicate  polarity,  an  iron  casing  surrounded  the  coils 
as  a  protection  from  external  fields.  This  instrument 
was  in  common  use  prior  to  1890.  This  same  action 
of  a  spiral  spring,  or  of  two  such  springs  oppositely 
twisted  and  joined  end  to  end,  was  also  used  in  a  variety 
of  instruments  both  of  the  solenoid  and  of  the  hot  wire 
type. 

A  more   modern   form   of   solenoid   instrument   in 


FIG.    19 — LANCE    PORTABLE    VOLTMETER 


-AYRTON    AND    PtRRV    IRON    HELIX 
AMMETER 


FIG.    21 — KELVIN    SECTOR    AMMETER 
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which  the  same  princip.er.  of  saturated  magnetic  cir- 
cuit and  small  total  motion  of  the  core  are  utilized  is 
shown  in  Fig.  21.  By  suitably  proportioning  the  sec- 
tor from  which  the  core  is  suspended  and  the  location 
of  the  counter  balance,  practically  a  uniform  scale  was 
produced. 

Magnetic  Vane  Insirumcnts — As  was  true  of  most 
of  the  earlier  measuring  instruments,  the  magnetic  vane 
type  was  first  developed  in  Europe.  A  characteristic 
instrument  of  this  type  was  the  Shuckert  ammeter, 
shown  in  Fig.  22.  A  thin  curved  plate  of  soft  iron, 
shown  at  the  right  was  attached  to  a  light  steel  spindle, 
pivoted  so  as  to  lie  parallel  to  and  a  little  to  the  left  of 
the  a.xis  of  the  coil.  The  attraction  of  the  coil  tends 
to  move  the  iron  vane  toward  the  center  of  the  coil. 
Calibration  and  adjustment  of  zero  were  affected  by 
bending  a  small  piece  of  copper  wire  attached  at  one 
end  to  the  spindle. 

Another  type  of  magnetic  vane  instrument,  de- 
veloped prior  to  1887  by  Imhofif,  depended  on  the  mu- 
tual repulsion  between  two  strips  of  soft  iron  in  a  sole- 


attached.  Current  in  the  coil  tended  to  rotate  the 
armature  against  the  action  of  gravity.  At  first  the 
scale  was  calibrated  in  degrees,  and  a  calibration  table 
accompanied  each  meter  but  later  the  scale  was  made 
direct  reading. 

The  simplest  form  of  magnetic  vane  instruments, 
and  the  one  which  has  met  with  the  greatest  commercial 
success,  is  that  in  which  a  very  thin,  light  weight  vane 
of  soft  iron  tends  to  set  itself  in  line  with  the  lines  of 
flu.x.  Instruments  of  this  type  are  shown  in  Figs.  24 
and  25.  By  suitably  proportioning  the  shape  of  the 
vane  and  its  position  in  the  coil  the  scale  was  made 
fairly  proportional  throughout  the  working  range.  In 
these  ammeters  the  entire  current  passed  through  the 
instrument.  In  the  Thomson  magnetic  vane  instru- 
ment, the  coil  was  inclined  with  respect  to  the  axis  of 
the  moving  element  in  order  to  get  a  longer  scale  reflec- 
tion. The  movements  of  the  needle  of  the  instrument 
shown  in  Fig.  24  were  not  damped  in  any  way,  but  the 
spring  stop  at  both  ends  of  the  scale  was  intended  to 
prevent  bending  the   needle   in   case  of  a   sudden  ex- 


FIG.    -'-•-    .^IILCKERT    M.\GNETIC    V.ANE 
AMMETER 


llij.     'i — W.MERHOUSE    AMMETER 


FIG.    24 — EARLY    WESTINGHOUSE      ROUND 
TYI'E"    magnetic    vane    VOLTMETER 


noid  carrying  the  current  to  be  measured — one  being 
stationary  and  the  other  pivoted  in  the  axis  of  the  coil 
on  agate  jewels  and  provided  with  a  copper  pointer. 
The  two  vanes  were  magnetized  in  the  same  sense  by 
the  current  in  the  coil  and  a  mutual  repulsion  took  place 
which  was  proportional  to  the  square  of  the  current. 
A  supplementary  piece  of  soft  iron  was  wrapped  about 
the  interior  of  the  coil  to  provide  a  more  proportional 
scale.  This  meter  was  put  on  the  .\nierican  market  by 
Queen  and  Company  in  1888.  The  same  principle  was 
later  utilized,  with  a  modified  form  of  vanes,  by  the 
Weston  Company. 

Another  interesting  meter,  shown  in  Fig.  23,  de- 
pended on  the  tendency  of  a  piece  of  soft  iron  to  follow 
the  leakage  flu.x  outside  the  solenoid.  A  relative  large 
soft  iron  ccjre  had  a  tubular  orifice  through  its  length, 
at  one  side,  in  which  was  pivoted  a  cylindrical  soft  iron 
armature  having  straight  soft  iron  extensions  fixed  at 
right  angles  at  each  end,  one  of  them  being  .shown 
hanging  vertically  downward  in  Fig.  23,  with  a  pointer 


cessive  current.     Instruments  of  this  general  type  were 
standard  for  switchboard  service  for  many  years. 

INDUCTION    VOLTMETERS,    AMMETERS    AND    WATTMETERS 

The  development  of  the  Shallenberger  ampere- 
hour*  and  watthour  meters  introduced  a  new  principle 
into  indicating  meter  design  which  was  first  taken  ad- 
vantage of  in  the  instruments  designed  for  the  Niagara 
Falls  Power  Company  in  1895.  In  fact  the  Niagara 
Falls  wattmeter  consisted  essentially  of  a  Shallenberger 
watthour  meter,  the  rotation  of  whose  disc  was  re- 
strained by  a  spring.  The  deflection  of  the  disc  was 
therefore  directly  proportional  to  the  watts.  A  paper 
scale  was  mounted  on  the  edge  of  the  disc  which  ro- 
tated behind  a  stationary  pointer  as  shown  in  Fig.  26. 
The  ammeter  was  likewise  similar  to  the  Shallenberger 
ampere-hour  meter  and  the  voltmeter  was  simply  an 
ammeter  in  which  the  coil  was  wound  with  many  turns 
of  fine  wire  and  provided  with  a  series  resistance.     The 


♦To  be  described  in  a  later  article. 
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disc  was  also  provided  vvilh  several  C-shaped  damping  tage  of  this  type  of  meter  over  all  its  predecessors  was 

magnets.     This  group  of  meters  formed  the  first  hori-  the  exceedingly  long  scale,  over  300  degrees,  allowing 

zontal    edgewise   dial   instruments   ever  made   and   re-  for  an  increased  legibility,  while  the  fact  that  the  entire 

presented  the  first  commercially  successful  attempt  at  needle  was  in  view  all  of  the  time  allowed  an  approxi- 


FK;.    25 — THOMSON    INCLINED  COIL    MAC.NLTIC   VANE  AMMETER 
This  inslruniciit  is  dampvd  both  by  a  light  fan  attached  to 
ihc  pointer  moving  in  an  enclosed  air  chamber;  and  by  a  hght 
piece  of  wire  which  rulibed  against  the  pointer  when  the  damp- 
ing bntton  was  pressed. 

getting  the  maximum  possible  scale  length,  this  being 
the  only  type  of  instrument  suitable  for  a  scale  extend- 
ing approximately  360  degrees. 

One  great  difficulty  with  the  Niagara  instrument 
was  that  the  scale  was  difficult  to  read  at  a  glance,  as 
the  numbers  required  careful  inspection,  and  it  was  im- 
possible to  obtain  an  estimate  of  the  load  by  the  posi- 
tion of  the  pointer.  The  only  modern  representative 
of  this  system  is  the  magnetic  form  of  siieedometer  in 
common  use  on  automobiles.  To  o\-ercome  this  scale 
difficulty  the  scale  was  shifted  so  as  to  be  parallel  to 
the  disc,  as  shown  in  Fig.  zy,  a  needle  was  mounted  on 


'%.. 


FIG.    26 — NIAGARA    TYPE    INDUCTION    INDICATING    WATTMETER 

the  disc  shaft  and  the  scale  made  stationary.  In  this 
type  of  instrument  the  discs  of  the  ammeters  and  volt- 
meters were  made  of  a  s[)iral  shape,  as  shown  in  Fig. 
28,  so  as  to  provide  a  smaller  ])ath  for  circulating  cur- 
rents at  the  higher  points  of  the  scale,  and  thus  secure 
a  more  uniform  scale  division  than  that  in  the  earlier 
instruments,  in  which  the  deflection  was  proportional 
to  the  square  of  the  current.  This  spiral  shape  also 
improved  the  characteristics  of  the  instrument  with 
varA'ing  frequency  and  temperature.     The  great  advan- 


riGS.    27    AND    28 — WESTINGIIOUSE    DISC   TYPE    INDUCTION    AMMETER 

mate    indication    of    the    reatling   to   be    observed   at   a 
glance. 

This  type  of  induction  meter  was  later  superseilcd 
by  the  type  shown  in  Fig.  2^).  In  this  meter  frequency 
and  temperature  errors  are  eliminated  automatically 
without  any  corrective  devices  by  means  of  a  series 
transformer  with  a  non-inductive  copper  resistance 
secondary.  At  the  same  time  this  scheme  provided  a 
rotating    field    without    using   the    phase    splitter.     The 


FIG.    20 — WESTINGHOUSE    DRUM    TYPE    INDUCTION    AMMETER 

moving  element  consisted  of  a  very  light  aluminum 
drum  which  with  spring  and  pointer  weighs  only  six 
grams.  The  mechanism  is  simple  and  rugged,  and  its 
calibration  is  permanent. 

CORRECTION 

The  caption  of  the  upper  cut,  left  column,  p.  272,  in  the 
July,  '18  issue  should  read  "fig  3 — ayrton  and  perry  perma- 
nent MAGNET  ammeter". 
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Flashing  of  Railway  Motors 


Flashing  of  railway  motors,  also  commonly  known  as 
bucking  or  blowing,  is  primarily  caused  by  poor  commutation 
which  results  in  a  sudden  breakdown  of  the  insulation  over  the 
face  of  the  commutator  from  the  brushholder  to  the  inotor 
frame  or  ground.  As  a  result,  there  is  a  sudden  rush  of  heavy 
current  which  will  cither  open  the  circuit  breaker,  or  hang  on 
as  an  arc,  and  badly  burn  the  parts  short-circuited. 

The  results  of' flashing  are  varied.  Sometimes  the  motor 
is  so  badly  damaged  that  it  is  inoperative.  In  this  case,  the 
motor  must  be  overhauled,  armature  windings  repaired,  com- 
mutator cb'aned  up,  brushholders  and  wiring-around- frame 
put  in  good  condition.  When  the  short-circuit  is  immediately 
cleared,  the  motor  generally  can  be  continued  in  service  to 
finish  its  run,  but  should  be  reported  as  defective,  and  given  a 
careful  insncclion  for  any  damaged  parts  that  need  attention. 

In  Table  I  is  given  a  detailed  layout  of  the  various  condi- 
tions   that   afTect   commutation   of   a   railway   motor  which   in 
turn,  iniluences  its  flashing. 
TABLE    I--COXMTIONS  THAT  TEND  TO   PRODUCE   FLASHING 
( 


Design 


Non-commutating  pole  type 

Sensitive  neutral 
(    High  voltage  between  commutator  bars 

I  High  bars 
f    Rough    face 


Commutators. 


Poor  surface  couditi 


Lack  of  spring  tension. 


Brushholders. 


Incorrect  setting . 


CarbonB 


Windings . 


Operati(m . 


Low  bars 

Loose  bars 

Flat  spots 

Poor  undercutting  nf  mica 

Sharp  edges  on 

comuiutator  bars 
Sharp  corners  on 

commutator  bars 
Dirty  commtitators 
Broken  spring 
Weak  spring  pressure 
Pressure  finger  sticking 
Worn  mechanism 
Too  far  from  commutator 

surface 
Incorrect  spacing  between 
/        brushholders 
^    Out  of  alignment  with  pole 
Worn  carbon  box 
Loose  in  clamping  block 
Too  small  clearances  to     ground 

Inferior   grades 

(   Too  long 

Length 1    Too  short 

<    Loose  in  carbon  box 

Clearance -|    Tight  in  carbon  bo.\ 

Broken 
/  Wiring-aroun<l-frunu' .  .         Loose  brushholder 
connection 
Armature Wrong  connection 

i   Short  circuited  coil 
Reversed  coil 
Field  control — wrong 
connection 
Design  of  coil  bobbin 
or  case 
(    Short  circuited  coil 
(    Reversed  coil 
/    Faulty  control 
Rapid  acceleration 
Plugging  motors 
Heavy  operation 
Breaks  in  third  rail 


I  Commutating-pole  field. 


Sudden  voltage  changes  -; 
High-speed  running  i 

High  trolley  voltage  I 

Overheating  of  motors 

Loose  or  worn  bearings. 
Rough    track 
,  Flat   wheels 


Too  much  end  play 
Too  much  side  play 


REMEDIES 

Design — 

i — The  design  cannot  be  changed  without  practically  rebuililing 
the  nuitor  or  replacing  it  by  a  modern  motor  in  wliich  'he  objecti4)nable 
features  have  been  eliminated. 

Commiilalors — 

The  commutators  should  be  tight,  and  have  a  smooth  highly  pol- 
ished   clean    face. 

2 — If  loose,  the  commutator  should  be  heated  and  the  ringnut  or 
clamping   bolts  drawn  up  tight. 

■J — ,\11  high  or  low  bars,  and  flat  spots  should  be  ground  smooth 
if  possible;   otherwise  the  armature  should  be  put   in  a  lathe  and  turned. 

4 — The  mica  should  be  undercut  to  a  depth  of  3-64  inch,  anil  all 
particles  of  mica  thoroughly  cleaned   tmt   of  the  slot. 

5 — If  the  sharp  edges  left  on  the  copper  segments  when  undercut- 
ting are  rounded  off,   this  will  improve  conditions. 

6 — The  corners  at  I  he  outer  edge  of  the  commutator  face  should  be 
rounded  off  with  api)roximately  316  inch  radius,  and  those  at  the  inner 
edge  of  the  commutator  face  with  approximately   1-16  inch  radius. 


face    >ii<iuld    be    kejtl    free 


tnl 


and    dust. 


7 — The    ruinmutalu 

Pjiiisliholdcrs — 

i — On  the  average,  the  tension  on'  carbon  brushes  should  be  kept 
at  approximately  3  to  7  pounds  per  square  inch. 

2 — I'.rnkch  jiressure  si)rings  should   be  replaced  by  new  ones. 

3 — When   the   spring   jiressure   is  weak,    wind   up  the   tension   spring. 

4 — If  the  mechanism  tends  to  stick,  a  little  signal  oil  on  moving 
parts  may  relieve  this;  if  not,  take  the  brushholder  apart,  clean  and  ma- 
chine parts  that   are  tight. 

5 — When  par.s  are  ba^lly  worn,  allowing  the  contact  tip  to  rest  on 
top  of  the  carbon  box.  replace  the  worn  parts  by  new  ]>ieces. 

6 — Brushholders  should  be  set  approxinuitely  :M6  inch  from  tin 
face  of  the  commu.ator.  aud  the  sides  of  the  box  should  line  up  parallel 
with   the  comuuitator   segments. 

7 — The  distance  between  brushholders  measure.'l  around  the  surface 
of  the  comniutatcu-  slioubl   be  one-fourth   of  the  number  of  bars. 

s — With  but  few  exceptions,  the  brushholder  carbon  box  should  line 
up   with   the  center   line  of  the  pole. 

9 — A  carbon  box  which  is  worn  wider  than  nornml  will  allow  the 
brush  to  swing  oflf  the  neutral.  In  double  end  operation  due  to  uneven 
wear  in  running  in  different  directions,  the  contact  area  is  also  consid- 
er.ibly  reduced.      New   brushholders   will  remedy   trouble   from  this  cause. 

10 — Brushholders  should  have  at  least  %  inch  to  %  inch  clearance 
t<i  ground.  When  clearance  is  less  than  %  inch,  insuliiting  arc  shields. 
jiroperly  located,  can  be  used  to  advantage. 

11 — Lining  the  inside  of  the  motor  frames  around  the  brushholders, 
and  at  the  commutator  front  V-ring,  with  insulating  material  lends  to 
re.iuce  flashing  at   these  points. 

Carbons — 

1 — Poor  commutation  can  sometimes  be  greatly  improve;!  by  chang- 
ing to  a  higher  grade  of  carbon  brush. 

2 — If  the  carbons  are  too  long,  the  resultant  pressure  from  the 
brushholder  contact  tip  is  not  on  the  top  of  the  carbons,  and  the  effe-- 
tive  force  on  top  of  the  carbons  is  reduced.  For  the  more  recently  de- 
signed   brushholders,    carbons   when   new,    should    be    two    inches    long. 

3 — When  the  carbons  are  too  short,  the  pressure  on  top  of  carbon 
is  reduced,  due  to  the  design  of  the  spring,  auil  sometimes  when  the  car- 
bon is  very  short,  it  is  entirely  out  of  range  of  the  spring,  which  strikes 
the  side   of  the  box.      These  carbons   should  be  replaced   by   new   ones. 

4 — Loose  carbons  cause  vibration  and  tend  toward  poor  commuta- 
tion.     Use  new  carbons  with  0.006  to  0,008  inch  initial  clearance, 

5 — Tight  carbons  stick  in  the  boxes  and  the  contact  at  the  surface 
of  the  commutator  is  broken.  This  condition  can  be  remedied  by  rvibbing 
the  sides  of  the  carbons  on  sandpaper. 

6 — Broken  carbons  should  be  replaced. 

Jp'indings — 

1 — Wiring-around-frame  leads  to  brushholders,  if  broken  or  loose,  so 
as  to  swing  against  the  frame,   should   he  repaired  and   securely  fastened. 

2 — In  connecting  the  leads  to  the  commutator,  it  sometimes  happens 
that  the  throw  of  the  lead  is  either  too  great,  or  too  short,  which  has 
the  same  effect  as  shifting  the  brushholuers.  ,     „  ,  ,  ,  ,. 

3 — Short  circuited  main  field  coils  produce  a  weak  held,  and  result 
in  poor  commutation;  this  condition  further  has  a  damping  eltect  on 
the  field  that  opposes  sudden  field  changes  with  same  results. 

4 — A  reversed  main  field  coil  produces  a  weak  field  and  consequent 
poor  commutation.      Check  the  polarity  and  reconnect. 

5 — Field  control  motors,  with  coils  that  have  a  number  of  turns 
arranged  to  be  cut  out.  have  been  known  to  be  so  connected  that  the 
weak  field  is  used  in  place  of  the  strong  one.      Check  connections. 

6 — Where  the  field  coil  is  encased  in  a  metal  box  to  make  it  water 
and  fire-proof,  this  box  acts  as  a  damper,  and  opposes  sudden  held 
changes.  Sometimes  this  is  remedied  by  making  a  saw-cut  in  the  bo.x 
and   filling   the   opening   with   a  hard    insulating  material. 

7 — A  short-circuited  eommutating  pole-coil  produces  a  weaker  com- 
mutating  field,  which  results  in  poorer  commutation.  

8— A  reversed  commutating-pole  coil  weakens  the  cominutating  nelrt 
and  results  in  poorer  commutation.      Check  the  polarity  of  the  coils. 

/.crajo;i— ^    control   operation   that  allows   sudden   voltage   changes   at 
motor   terminals   can  be  remedied   by   '■li<'^ki"S."'e  control   circuit 

2— Raoid    acceleration    can    be    remedied    by    issuing    instiuctions    to 
the  trainmen  or  by  the  use  of  an  automotineer  or  automatic  control. 
'       *3-sTd"lenlv  ^reversing    the    current .  through    the    no.lors    to    make    a 
quick    stop,    commonly    known    as    plugging    the    n""".'-^'  ,""V     ,   ^^eHv 
flashing.      A   campaign   of   education   of   the   trainmen   is   the  best  remedy. 

4_Heavv  interurban  service  with  a  number  of  cars  pulling  on  the 
line  at  the  same  time,  sometimes  causes  sudden  voltaL'e  changes,  re- 
sulting in  flashing.  This  condition  might  be  helped  somewhat  by  a  re- 
arrangement of  the  schedule.  .,,.,-,.  .  .  i 

5 Troubles    caused    by    breaks   in    the    third   rail    at    crossovers    and 

highways   can  best   be   reduced   by  passing  over  this   special   construction 
work  with  power  off.  „ 

(i W'here   high-speed   running    (ordinarily   down-grade)    causes   nasli- 

in"    the  trainmen  should  keep  within  a  definite  maximum  speed, 

"    7 If   high    troUev   voltage.    600    to   650    is  used   on   motors   designed 

for  500  volts,  motor  d"etails  must  be  kept  in  good  condition. 

rt — When  the  motors  are  overworked  and  considerable  heat  ami 
"as  (from  insulating  compounds  of  newly  repaired  windings)  is  present 
?nside  of  motor,  these  tend  to  prolong  a  flashover,  and  can  be  relieveii 
bv  oi)erating  the  motors  with  the  commutator  covers  off.  ,    ,   .       i 

y Loose    or  worn   bearings   allow    considerable   vibration   that   tends 

to  lift  the  carbons  from  the  commutator,  and  cause  flashing, 

10 — Rough   track   has  the   same   effect   as  loose  bearings. 

ll_Cars  with  flat  wheels  produce  the  same  result  as  running  o\er  a 
rough  track.  Defective  wheels  should  be  made  round  by  turning  or 
grinding  or  by  the  use  of  an  emery  insert  brake-shoe. 
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Electrically  Heated  Hot  Moulding  Presses 


A  branch  of  the  industry  in  which  the  use  of  electrically 
generated  heat  is  rapidly  increasing  is  in  the  moulding  of  Bake- 
litc  and  similar  compositions.  This  moulding  is  done  in  presses- 
such  as  that  shown  in  Fig.  I.  The  platens  of  such  presses- 
must  be  heated.  Until  recently  steam  has  been  used  almost 
exclusively  for  this  purpose,  thouK'h  gas  has  also  been  used. 
When  steam  is  used,' the  temperature  of  the  platens  is  limited 
by  the  steam  pressure.  A  case  is  recalled  where  a  manu- 
facturer experimented  with  a  steam  heated  press  to  determine 
the  temperature  at  which  the  best  qualit\-  of  moulded  parts 
were  produced.  It  was  found  that  the  higher  the  temperature 
was  raised,  the  better  was  the  quality  of  the  finished  product. 
The  temperature  was  increased  by  increasing  the  steam  pres- 
sure, which  finally  exceeded  a  safe  pressiue  for  the  boiler. 
Since  the  quality  of  the  moulded  material  continued  to  in- 
crease, it  w'as  decided  to  install  an  electric  heating  equipment 
whereby  temperatures  far  in  excess  of  those  that  could 
previously  be  obtained  with  steam  could  be  secured  without 
any  danger  of  boiler  explosions.  Gas  has  also  been  used  to 
beat  platens   but  offers  the  usual  objections,  viz.,  difficulty  of 


connning  the  heat  to  the  platen  being  heated,  and  unhealthv 
and  disagreeable  working  conditions. 

When  it  was  first  decided  that  electric  heating  should  prove 
satislactory  lor  press  heating  applications,  a  trial  installation 
was  made  which  proved  so  satisfactory  that  the  remainder  of 
an  cqiupment  consisting  of  twcntv-threc  presses  was  equipped 
with  electric  heaters. 

The  illustrations  clearly  show  the  manner  in  which  hot 
moulding  IS  done.  A  press  consisting  primarily  of  a  suitable 
iranic  work  supporting  two  or  more  platens  is  used  for  this 
purpose.  One  of  the  platens,  usuallv  the  upper  one,  is  station- 
ary and  the  others  are  capable  of  movement  usually  vertically 
111  guides,  though  in  some  cases  the  movement  may  be  in  other 
directions.  Fig.  i  shows  a  twenty  ton  iivdraulic  press  with 
two  platens,  the  upper  one  of  which  is  '  stationary  while  the 
lower  one  can  be  raised  or  lowered  vertically.  Each  platen 
consists  of  two  rectangular  steel  plates  12  bv  12  bv  i  7s  inch 
in  which  grooves  are  machined  to   receive  the  heaters,  which 

?  M  A  '■'^..'T?  ^^T  ?^  """"^  ""^"^  ^°'  heating  the  warming 
table  described  in  the  June  1918  number.  The  heaters  are  the 
same  length  as  the  platens,  four  heaters  being  clamped  between 
the  two  plates  01  each  platen  by  suitable  screws.  The  exposed 
surlaces,   other  than   the   working   surfaces,  are  covered  with 


thermal  insulation  to  reduce  the  heat  losses  from  the  platens. 
The  platens  are  separated  from  the  heads  of  the  press  by 
asbestos  lumber  plates  to  decrease  the  amount  of  heat  con- 
ducted away. 


The  electrical  input  it  is  necessary  to  provide  for  a  press 
depends  on  the  size  of  the  platens,  the  working  temperature, 
the  initial  temperature  of  the  moulds,  their  size  and  the  time 
rcf|uired  for  heating  them.  The  press  descrilied  abo\e  is  pro- 
vided with  heaters  having  a  total  maximum  input  of  2400  watts. 
This  is  sufficient  for  bringing  the  cold  press  up  to  operating 
temperature  in  one  to  one  and  a  quarter  hours  while  a  reduced 
input  of  1800  watts  is  suflicient  for  maintaining  the  platens  at 
operating  temperature  when  moulds  weighing  up  to  30  pounds 
are  heated,  the  operating  temperature  being  200  degrees  C 
The  heating  periods  vary  from  twelve  minutes  for  light  moulds 
to  thirty-five  minutes  for  heavy  moulds. 


FIG.  3 

As  indicated  above,  some  means  for  regulating  the  input 
of  the  heaters  is  required.  The  installation  described  is  pro- 
vided with  an  autotransformer,  taps  from  which  are  brought 
out  to  contacts  on  a  dial.  A  number  of  different  voltages  are 
thus  supplied,  any  one  of  which  can  be  impressed  across  the 
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heaters  by  moving  a  contact  arm  over  the  stationary  contacts 
on  the  dial.     Fifteen  voltages  varjing  from  the  line  vohage  of 


220  to  a  minimum  of  150  volts  are  available,  the  corresponding 
inputs  varying  from  2400  watts  maximum  to  1200  watts  mini- 
mi.    It  is  thus  seen  that  this  method  of  control  is  especially 
itablc   where  close   regulation   of   input   is   required.     Where 


mum 
sui 


(a) 


(b) 


FIG.   4 


the  class  of  work  being  done  on  a  number  of  presses  is  the 
same,  a  single  autotransformer  of  suitable  capacity  can  be  used 
to  control  several  presses. 

An  alternative  method  of  temperature  control  is  the  series- 
parallel  system.  This  control  is  suitable  where  there  is  not 
such  diversity  of  moulding  being  done  and  a  number  of  operat- 


ing temperatures  at  close  intervals  is  not  required.  It  consists 
of  the  use  of  two  series-parallel  knife  switches.  A  diagram  of 
connections  for  (a),  the  autotransformer  and  (b)  series- 
parallel  systems  is  given  in  Fig.  4,  and  Table  I  shows  the  input 
in  percent  of  the  maximum  obtainable  that  can  be  obtained 
with  any  position  of  the  switches,  though  these  values  depend 
on  the  design  of  the  heaters.  In  all  cases  uniform  distribution 
of  heat  over  the  surfaces  of  the  platens  is  secured. 

TABLE  I— PERCENT  INPUT  OF  HEATERS 


Position  of  Switches 

Watts  Input 

in  Percent 

of  Maximum 

Switch 
No.  I 

Switch 

No.  2 

Up 
Up 
Up 
Down 
Open 
Down 
Down 
Open 

Down 

Open 

Up 

Down 

Open 

Down 

100 

75 
67 

50 

2i 
25 
17 

8 

Among  the  advantages  that  can  be  mentioned  from  the  use 
of  electrically-heated  presses  are: — uniformity  of  temperature, 
constant  temperatures,  higher  temperatures,  close  temperature 
regulation  and  absence  of  dirt,  moisture  and  fumes. 

R.  A.  BoLZE 
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should   be  of  i^oneral  interest;  informajion  in\-oK  im;  the  specific  design  of 

indi\'idiial   pieces  of  apparatus  is   not   supplied.      Care  should  be  used  to 

include  all  data  necessary  for  an  intelliticnt  .ms^cr. 


A  PERSONAL  renly  is  mailed  to  each  questioner  cnclosint;  a  stamjieil,  self 
addressed  en\elopc  as  soon  as  the  necessary  information  can  be  obtained. 
Anonymous  t|uestions  cannot  be  considered.  As  each  question  is  ansvvered 
by  an  expert  on  the  subject  invoked,  and  checked  by  at  least  tv\o  others, 
a  rcasonank*  length  of  time  should  be  allowed  before  expectini;  an  answer. 
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i62o~T  K  s  T  I  N  G  Large  Ai  ternator 
Ar.m.vturi'— it  wai  required  to  test  a 
.argc  ar.nature  adcr  wii.ding  and 
cross-connecting.  Accordingly  the 
standard  set-up  was  made  as  in  Fig. 
(a).  The  test  voltage  was  supplied 
from  a  regulator  testing  set  through 
an  auxiliary  transformer  of  25  kw 
capacity.  Each  phase  was  tested  to 
core,  the  other  two  being  grounded  to 
the  core.  The  gaps  were  set  to  arc 
over  slightly  above  the  proper  test 
voltage  and  checked  with  the  volt- 
meter, arcing  over  at  K73.  Next  the 
armature  was  connected  and  voltage 
brought  up.  The  gaps  arced  over  at 
K64.  The  regulator  was  run  down 
and  test  was  completed  by  holding  a 
voltage  of  K62  on  the  phases  for  one 
minute.  Criticism  was  made  that  the 
gaps  should  not  be  allowed  to  arc 
over  since  it  would  put  unfair  strains 
on  the  armature  insulation.  How 
then  are  we  to  measure  the  one 
minute  test  voltage?  The  question  is 
suggested  by  an  analj'sis  of  the  above 
observed  phenomenon.  The  armature 
capacity  distorted  the  voltage  wave 
and  test  transformer  ratio  to  such  a 
degree  that  the  gaps  arced  over  at 
K64  about  12.5  percent  lower  than 
without  the  armature  in  circuit.  There- 
fore if  we  had  set  the  gaps  20  percent 
high  and  brought  the  test  voltage  up 
to  approximately  K".^,  we  should  have 
had  a  crest  voltage  corresponding  to 

■  K83.S  r.m.s.  (73/64  =  83.5/73)  which 
crest  voltage  would  have  imposed  a 
much  more  severe  test  than  required 
and  one  likely  to  seriously  strain  or 
break  down  the  armature.  This  is  a 
very  important  matter  and  one  the 
standardization  rules  cover  vaguely. 
I  should  like  to  hear  how  others  carry 
out  this  class  of  tests. 

C.W.B.    (MICH.) 


Wc  assume  that  K73  etc.  are  volt- 
meter readings.  The  practice  followed 
in  most  cases  is  as  3'ou  have  outlined. 
It  has  been  followed  for  many  years  in 
commercial  test  departments.  While 
there  is  some  risk  of  producing  a  short- 
circuit  in  the  windings  due  to  high  fre- 
quency  effects    from   the   arcing   gap,   a 
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FIG.  1620  (a) 

careful  operator  can  generally  avoid 
damaging  the  windings.  It  is  necessary 
to  use  a  light  fuse  or  to  adjust  the 
circuit  breaker  so  that  the  arcing  will 
not  be  prolonged.  In  addition,  the  re- 
sistance specified  by  the  A.I.E.E.  will 
limit  the  current  to  a  value  where  high 
frequency  effects  are  not  likely  to  do 
harm.  It  would  be  better  to  use  a  re- 
sistance of  about  TOO  ohms  per  volt  of 
test  voltage  rather  than  one  ohm  as 
specified  by  the  A.I.E.E.  This  is  the 
practice  of  commercial  test  departments 
and  is  much  safer.  Checks  show  that 
such  a  resistance  produces  no  error  in 
determining  the  proper  voltmeter  read- 
ing for  obtaining  the  proper  test  voltage. 

J.E.M. 

1621 — Transmission  Power  Factor — In 
Fig.  (a),  A,  B  and  C,  are  generating 


stations  having  X  as  the  center  of 
gravity  for  their  load.  The  normal 
power-factor  of  the  system  is  85  per- 
cent lagging.  Would  it  help  either 
S  or  C  for  A  to  cany  85  percent 
leading  current?  c.a.a.   (minn.) 

The  power-factor  of  a  single  alter- 
nating-current generating  station  is  fixed 
by  the  nature  of  the  load  which  the 
station  supplies.  For  instance,  a  load  of 
induction  motors  will  have  a  power- 
factor  of  about  80  percent.  Induction 
motors  combined  with  lighting  will  run 
from  So  to  go  percent  power-factor,  and 
combined  with  synchronous  motors  and 
synchronous  converters  up  to  95  per- 
cent.    It    is    impossible    to    change    the 
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fig.  1621(a) 

power-factor  of  the  station  by  any  ad- 
justment within  the  power  station,  as 
it  depends  only  upon  the  nature  of  the 
load.  However,  where  there  are 
generating  stations  in  parallel,  although 
the  combined  power-factor  of  the  sys- 
tem is  fixed  by  the  nature  of  the  load, 
the  power-factor  of  each  individual 
station  depends  upon  the  field  excitation. 
If,  in  any  station,  the  machines  are  over- 
excited, that  station  will  carry  more  of 
the  reactive  lagging  current  of  the  sys- 
tem. In  the  example  given,  if  the  field 
excitations  of  the  machines  in  station 
A  are  increased,  that  station  will  take 
more  of  the  lagging  reactive  current, 
and  its  power-factor  will  decrease.  On 
the  other  hand,  if  the  excitation  of  the 
machines  in  stations  B  and  C  is  in- 
creased sufficiently  station  A  may  be 
made  to  have  a  leading  power-factor. 
The   best    method   of    operating   in   the 
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case  given  would  be  to  over-excite 
station  C  letting  it  supply  the  bulk  of 
the  reactive  lagging  current  required. 
In  this  way  the  line  losses  due  to  re- 
active current  flowing  along  the  line 
froin  stations  A  and  B  will  be  mini- 
mized. H.w.s. 

1622 — Action  of  Compound  Generator 
—Please  explain  the  following  be- 
havior of  the  terminal  voltage  of  a 
compound  direct-current  generator 
which  was  observed  during  the  ad- 
justment of  a  shunt  for  the  series  field 
in  order  to  give  a  certain  compound- 
ing. The  compounding  desired  in  this 
case  was  236  volts  no  load,  250  volts 
full  load.  The  generator  was  of  25 
kw  capacity.  The  procedure  was  first 
to  put  full  load  on  the  generator  at 
250  volts  with  no  current  shunted 
from  the  series  field.  Then  the  load 
was  thrown  off  and  the  shunt  field 
adjusted  to  give  the  correct  no-load 
voltage.  When  the  full  load  was  put 
back  on,  the  terminal  voltage  was  of 
course  too  high,  so  current  was 
shunted  from  the  series  field  until  the 
terminal  voltage  was  250  at  full  load. 
Now  when  the  load  was  thrown  off 
by  tripping  the  circuit  breaker  the 
terminal  voltage  did  n<^t  '.i.W  to  236 
but  to  several  volts  above  it.  The 
shunt  field  was  again  adjusted  to  give 
the  correct  no-load  voltage  and  the 
process  repeated.  Even  after  adjust- 
ments had  been  made  so  that  the 
terminal  voltage  would  rise  from  236 

-  to  exactly  250  when  the  full  load  was 
thrown  on,  it  would  not  fall  quite  to 
236  when  the  load  was  taken  oflf. 
After  the  load  had  been  thrown  on 
and  off  several  times  and  adjustments 
made  each  time,  a  permanent  condition 
was  finally  reached  which  gave  236 
volts  no  load  and  250  volts  full  load 
every  time.  Referring  to  Fig.  (a), 
I  assume  the  machine  to  be  operating 
at  236  volts  no  load  {A  on  the  mag- 
netization curve)  assuming  also  that 
the  condition  has  been  reached  so 
that  the  terminal  voltage  rises  to  250 
volts  when  full  load  is  thrown  on 
(point  B),  cannot  the  slightly  high 
voltage  (point  C)  when  the  load"  is 
taken  off  again  be  explained  as  the 
effect  of  hysteresis?  Does  the  per- 
manent condition  giving  correct  volt- 
age at  no  load  and  full  load  mean  that 
we  have  found  by  trial  a  closed 
hysteresis  loop  with  A  and  B  as  its 
upper  and  lower  points?  In  Fig.  (a) 
the  dotted  lines  are  meant  to  repre- 
sent such  a  loop.  Suppose  the  residual 
magnetism  of  the  machine  were 
changed.  Would  the  same  shunt  on 
the  series  field  give  the  correct  com- 
pounding exactly  when  the  machine 
was  put  into  operation  again?  Also 
please  explain  by  means  of  hysteresis, 
why  a  direct-current  generator  oper- 
ating at  normal  voltage  at  no  load 
builds  up  to  a  much  lower  value  when 
the  shunt  field  is  opened  and  closed 
again.  Why  is  this  so  much  more 
noticeable  on  small  machines  than  on 
large  ones?  c.a.a.   (pa.) 

This  question  calls  up  so  many  vari- 
ables that  a  brief  explanation  is  very 
difficult.  In  treating  it,  the  conditions 
that  exist  from  the  beginning  of  the  test 
to  the  end  have  been  tabulated  as  out- 
lined in  the  question. 

First  Condition: — (a)  Shunt  line 
crosses  no-load  saturation  curve  at  la. 
This  makes  no-load  operating  point 
228.5  volts,     (b)   With  this  position  of 


shunt  line,  full  load  volts  rise  to  250 
with  full  series  in  as  shown  at  lb.  (c) 
This  means  that  a  portion  of  the  pole 
face  is  worked  at  high  induction — say 
at  ic.  (d)  When  load  is  thrown  off 
flux  decreases  along  a  new  curve  A,  due 
to  hysteresis.  The  new  low  point  of 
operation  will  be  id,  2.25  volts  higher 
than  the  original  starting  point  la. 

Second  Condition: — (a)   Shunt  line  is 
adjusted  to  give  236  volts  as  shown  by 
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622(a) 

crossing  the  no-load  saturation  curve 
at  2a.  The  exact  location  of  this  point 
is  a  little  to  the  right  of  curve  A,  since 
it  is  on  the  upward  curve  of  a  hysteresis 
loop  having  A  for  its  downward  curve, 
(b)  Again  full  series  is  left  in,  while 
full  load  is  put  on  the  machine  and  this 
time  the  full-load  volts  rise  to  252.75  as 
shown  at  ih.  This  is  due  to  the  in- 
crease in  total  exciting  ampere-turns 
because  of  the  new  position  of  the  shunt 
line  as  shown  by  z.  (c)  It  is  clear  that 
the  same  portion  of  the  pole  face  which 
was  worked  at  high  induction  under  (c) 
of  the  first  condition  is  worked  at  a 
still  higher  induction  now  which  may  be 
indicated  by  point  zc.  (d)  When  the 
load  is  thrown  off  this  time  the  flux 
decreases  along  another  curve  indicated 
by  B  for  the  same  reason  as  given  under 
(d)  of  the  first  condition.  The  new  low 
point  of  operation  will  be  2d,  1.75  volts 
above  the  236  no-load  volts.  In  this 
cycle  of  operation  when  the  shimt  is  ad- 
justed on  series  coil   to  give  250  volts 
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(see  series  line  ^6i)  this  operation  is 
nothing  more  than  a  step  in  the  reduc- 
tion of  flux  along  line  B  as  mentioned 
above.  The  effect  of  miniature  hys- 
teresis loops  caused  by  small  variations 
of  series  ampere-turns  while  the  shunt 
is  being  adjusted  for  250  volts  may  be 
neglected.  The  new  adjustment  of  the 
shunt  field  is  shown  by  line  3  and  the 
new  236  volt  starting  point  by  jo.    As 


to  the  failure  of  voltage  to  fall  to  236 
volts  after  the  no-load  to  full-load  ad- 
justment of  236/250  was  made,  this 
may  be  explained  by  the  operators  usual 
action  of  cutting  in  a  large  amount  of 
resistance  in  the  shunt  field  and  then 
bringing  the  voltage  back  up  to  236 
before  another  no-load  trial.  The 
"permanent  condition"  spoken  of  in  all 
probability  was  obtained  by  increment 
adjustment  of  shunt  field  at  no-load  and 
of  series  shunt  at  full-load.  It  is  true 
that  the  hysteresis  loop  is  closed,  but 
the  statement  means  nothing  since  all 
hysteresis  loops  are  closed.  The  difii- 
culty  encountered  is  that  the  machine 
does  not  always  operate  on  the  same 
loop  in  going  from  no-load  to  full-load 
and  back  again.  It  is  the  variations  in 
size  of  these  loops  that  cause  all  the 
trouble  and  worry  in  obtaining  fine  ad- 
justments in  compounding  generators. 
The  size  of  the  hysteresis  loop  on  which 
a  generator  is  operating  determines  the 
residual  magnetism  of  the  machine  at 
that  time;  therefore,  we  may  expect  it 
to  change  when  the  hysteresis  loop  is 
changed.  The  above  properties  of  a 
generator  give  the  man  on  the  test  floor 
opportunity  to  meet  refinements  in  speci- 
fications by  holding  his  machine  a'  '■'.'i 
on  the  loop  as  possible  while  m-..in.=!  .lie 
no-load  adjustment.  The  reason  why  a 
generator  builds  up  to  a  lower  voltage 
after  the  shunt  field  is  "flashed"  (opened 
slowly  and  closed)  is  because  part  of 
the  residual  is  destroyed  by  the  oscillat- 
ing current  and  also  because  the  operat- 
ing point  is  shifted  from  the  upper  curve 
to  the  lower  curve  of  the  hysteresis  loop 
in  case  the  no-load  point  had  been  ap- 
proached and  arrived  at  from  the  load 
condition.  This  is  more  noticeable  in 
small  machines  because  they  have 
smaller  air-gaps  than  are  usual  in  larger 
machines.  e.m.c. 

1623 — Deterioration  of  Weatherproof 
Insulated  Wire— (a)  Does  insulated 
copper  wire  strung  on  pole  lines 
deteriorate  with  time  to  such  an  ex- 
tent that  its  insulation  becomes  im- 
paired so  that  it  could  not  be  moved 
to  another  pole  line  and  remain  safe 
for  voltages  up  to  2200?  (b)  Does 
the  copper  itself  change  its  char- 
acteristics from  soft  drawn  to  crystal- 
line, thus  becoming  weak  and  liable 
to  break  under  the  weight  of  ice  and 
the  force  of  the  wind?  (c)  Is  there 
ariy  reason  why  No.  o  insulated  copper 
wire  which  has  been  in  service  for  20 
years  on  a  pole  line  at  2200  volts  with 
poles  spaced  80  ft.  apart  should  not 
be  reinstalled  on  appropriate  insula- 
tion, cross  arms,  and  poles  on  100  foot 
centers  for  use  at  22000  volts? 

c.e.a.  (mass.) 

(a)  Yes.  Any  weatherproof  wire  re- 
moved from  existing  line  should  be  care- 
fully examined  before  re-installing.  If 
impregnating  _  compounds  have  been 
driven  out,  it  is  better  to  remove  the  in- 
sulation and  use  where  bare  wire  is 
permissible,  (b)  If  the  copper  con- 
ductor is  not  stressed  above  its  elastic 
limit,  its  physical  structure  remains  un- 
changed and  its  mechanical  strength  is 
not  affected,  (c)  While  it  is  standard 
practice  to  use  weatherproof  wire  on 
2200  volt  overhead  lines,  this  is  only  for 
limiting  the  short-circuits,  due  to  an 
accidental  cross  or  ground.  Although 
weatherproof  wire  is  an  imperfect  in- 
sulator, and  the  normal  insulation  of  the 
line  is  maintained  by  the  insulators 
alone,    yet    it    serves    to    eliminate    the 
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greater  proportion  of  short-circuits 
which  would  occur,  due  to  momentary 
contact,  if  bare  wires  were  used.  On 
higher  vohage  lines  and  certainly  for 
loooo  volts  and  over,  bare  wire  is  used 
to  avoid  giving  a  false  sense  of  security. 
Therefore  from  this  point  of  view,  it 
would  be  satisfactory  to  use  2200  volt 
weatherproof  cable  on  a  22000  volt  cir- 
cuit since  no  insulation  is  required.  It 
is  of  course  understood  that  suitable 
22000  volt  insulators  will  be  used  and 
the  spacing  of  the  wires  increased  con- 
siderably over  the  spacing  of  the  2200 
volt  cables.  H.w.s. 

1624 — CH.^^■GING  Motor  to  Gener.\tor — 
Would  it  be  possible  to  change  any 
standard  three-phase,  60  cycle,  no  volt 
induction  motor  to  a  three-phase,  60 
cycle,  1 10  volt  generator,  by  using 
rotary  field  coils  supplied  by  an  excit- 
ing current  in  place  of  the  regular 
squirrel  cage  rotor?  j.h.h.  (vt.) 

There  should  be  no  particular  diffi- 
culty encountered  in  changing  an  in- 
duction motor  to  a  salient  pole  syn- 
chronous generator  as  outlined  above, 
provided  the  construction  of  the  ma- 
chine is  such  that  the  necessary  me- 
chanical changes  can  be  made.  On  an 
induction  motor,  it  is  necessary  to  have 
a  small  air-gap  and  work  at  a  com- 
paratively low  gap  density  in  order  to 
keep  the  exciting  current  low  and  hence 
have  the  povk-er-factor  as  high  as  pos- 
sible. Now  since  the  same  voltage  and 
frequency  is  wanted  on  the  synchronous 
generator  it  will  be  necessary  to  work  it 
at  approximately  the  same  gap  density 
as  the  induction  motor.  Although  an 
induction  motor  has  a  large  number  of 
slots  to  minimize  the  reactance,  they  are 
iisually  partially  closed,  which  gives  a 
comparatively  high  slot  reactance,  com- 
pared to  a  synchronous  machine,  which 
has  open  slots.  Therefore,  with  the 
high  slot  reactance  and  low  gap  density, 
the  synchronous  generator  will  have  a 
high  percentage  reactance.  This  high 
reactance  together  with  the  low  gap 
density,  will  tend  to  give  a  low  short- 
circuit  ratio  {i.e.,  the  ratio  of  the  field 
ampere-turns  at  no  load  to  the  field 
ampere-turns  required  to  force  full-load 
current  through  the  armature  windings 
on  .short-circuit)  and  hence  poor  voltage 
regulation.  It  will  then  be  necessary  to 
make  the  air-gap  larger  so  as  to  in- 
crease the  short-circuit  ratio  and  im- 
prove the  regulation.  The  maximum 
ampere-turns  that  can  be  put  on  the 
field  may  limit  or  fix  the  air-gap  before 
a  desirable  short-circuit  ratio  is  ob- 
tained, especially  if  the  machine  is  to 
operate  at  a  low  power-factor.  Al- 
though, as  indicated  from  the  above 
analysis,  the  synchronous  generator  will 
not  have  the  most  economical  design 
proportions,  it  should  operate  satis- 
factorily imdcr  normal  conditions.  It 
may  not  be  possible  to  obtain  the  same 
k.v.a.  rating  out  of  the  generator  as  the 
induction  motor,  depending  on  how 
liberally  the  latter  was  designed.  The 
greatest  problem  will  probably  be  in 
designing  the  new  rotating  parts  to  fit 
the  present  mechanical  construction  of 
the  induction  motor.  m.w.s. 

1625— Meter  Constant— I  would  like  to 
get  some  information  in  regards  to  a 
Westinghousc  type  C,  polyphase,  five 
amperes,  100  volt,  watt-hour  meter, 
which  is  installed  on  a  three-phase 
line  with  potential  transformers  22000 
to  no  volts.  Current  transformers 
ten  to  five  amperes.     The  above  meter 


has  been  tested  as  a  five  ampere,  no 
volt,  single-phase  meter  with  the  cur- 
rent coils  in  series  and  the  potential 
coils  in  multiple  and  run  revolution 
to  revolution  with  a  Westinghousc 
standard  using  the  five  amperes,  no 
volt  coils.  Standard  K  =  0.33,3. 
Would  the  K  of  the  polyphase  meter 
tested  this  way  be  0.333  or  0.666? 
After  the  above  meter  was  tested,  a 
five  ampere,  no  volt  type  OA  meter 
was  run  with  it.  The  dial  reading  of 
the  type  C  was  double  the  reading  of 
the  OA.  The  OA  meter  is  single- 
phase.  What  would  be  the  correct 
multiplier  for  the  dial  reading  of  the 
type  C  when  calibrated  this  way  and 
installed  with  the  above  transformer? 

B.D.B.    (OHIO) 

(a)  The  K  (Kt,  or  watthour  constant) 
of  the  polyphase  meter  would  be  0.666. 
This  constant  is  the  value  of  the  elec- 
trical energy  registered  per  revolution 
of  the  disk  and  is  expressed  in  watt- 
hours,  (b)  If  the  polyphase  meter  is 
equipped  with  a  one  kw  gear  train  the 
multiplier  would  be  400.  T.s.i;. 

1626 — Changing  a  Three-Phase  Gen- 
erator TO  A  Synchronous  Motor — I 
have  a   100  k.v.a.,  three-phase  gener- 
ator  which    I    would   like    to   convert 
into   a   synchronous   motor;    this   ma- 
chine  is   of    the   revolving   field   type. 
Will  it  be  necessary   for  me  to  start 
it  with  an  induction  motor  or  can   I 
apply  the  current  to  the  stator  through 
a    compensator    or    autotransformer? 
Will  it  be  necessary  to  shunt  the  field 
winding  through  a  resistance  to  mini- 
mize the  induced  voltage  while  start- 
ing? R.H.L.    (bRIT.  COL.) 
The   generator   will   probably   operate 
satisfactorily    as    a    synchronous    motor 
under   normal   conditions.     However,   if 
the  rotor  is  not  equipped  with  a  damper 
winding,  the  machine  may  not  be  self- 
starting,  and  it  will  then  be  necessary  to 
bring  the  machine  up  to  speed  by  some 
external  means,  as  an  induction  motor. 
On    some   small   machines    of    this    size 
without    damper    windings,    where    the 
poles  are  not  laminated,  it  is  sometimes 
possible  to  start  them  by  the  application 
of  reduced  voltage  to  the  stator  wind- 
ings.    Instead  of  currents  being  induced 
in  damper  bars,  as  in  the  case  of  ma- 
chines with  damper  windings,  eddy  cur- 
rents   are    induced    in    the    pole    faces, 
which  produce  sufficient  torque  to  bring 
the  machine  up  to  speed.     This  method 
of  starting,  depending  on  solid  poles  is 
uncertain.      Even     if     the     machine     is 
brought  up  to  speed  by  external  means, 
it    may    not    operate    with    satisfactorv 
stability  if  the  voltage  of  the  system  is 
not    well-balanced,    or    if    the    load    is 
fluctuating.     If   the   machine   is   started 
by  external  means,  it  will  not  be  neces- 
sary to  shunt  the  field  with  a  resistance, 
as  there  will  be  no  induced  voltage  in 
the    field    windings.      However,    if    the 
machine  is  to  be  self-starting,  the  field 
circuit   should  be  closed   through   a   re- 
sistance to  absorb  the  induced  voltage  in 
the     field     windings.       This     resistance 
should   be   about   the   same   as   that   re- 
quired  to   eive   normal   voltage   on    the 
generator  with  normal  exciting  voltatre. 

M.w  s. 

1627 — Testing  Galvanized  Iron — Kind- 
ly furnish  me  with  information  on 
the  Preece  method  of  testing  gal- 
vanized iron.  H.s.R.  (mass.) 
The   Preece   or    "bluestone"   test   for 

galvanized  iron   is   made  as   follows : — 


The  samples  before  testing  must  be 
thoroughly  clean  and  free  from  oil. 
The  testing  solution  is  prepared  by 
saturating  distilled  water  with  copper 
sulphate  and  adding  a  little  cupric  oxide 
to  neutralize  any  free  acid  present.  This 
mixture  should  stand  24  hours  before 
using,  in  a  glass  or  earthenware  vessel. 
The  solution  is  then  poured  off  or 
filtered  clear,  and  is  diluted  with  dis- 
tilled water  to  a  specific  gravity  of  1.186 
at  18  degrees  C.  (65  degrees  F.).  The 
samples  should  be  tested  in  a  glass  or 
earthenware  jar  containing  enough 
solution  to  cover  the  sample.  A  new 
solution  is  used  for  each  test.  In  mak- 
ing the  tests,  the  sample  is  immersed  in 
the  solution,  which  is  kept  between  16 
and  18  degrees  C.  (62  and  65  degrees 
F.),  for  a  period  of  one  minute.  The 
sample  is  then  removed,  rinsed  in  clean 
water,  wiped  dry  with  soft  waste,  and 
immersed  again  for  a  period  of  one 
minute.  The  number  of  one-minute 
immersions  required  to  produce  a  bright 
copper-colored  deposit  upon  the  sample 
determines  the  excellence  of  the  coat- 
ing. A  minimum  of  four  one-minute 
immersions  or  "dips"  is  considered  satis- 
factory. This  test  gives  an  excellent 
idea  of  the  quality  of  hot  and  cold  eal- 
vanized  coatings  and  is  also  used  for 
testing  sherardizing,  although  it  is  not 
a  very  satisfactory  test  for  the  latter. 

L.M. 

1628 — Emulsified  Oil — In  the  oiling 
system  of  a  turbine  which  also  sup- 
plies pressure  to  the  hydraulic  gover- 
nor, do  you  think  that  the  presence  of 
water  in  the  oil,  forming  an  emulsion 
with  it,  could  render  the  governor  in- 
operative? In  our  forced-feed  oiling 
system  supplying  engine  oil  to  our 
engines,  we  have  observed  that  the 
presence  of  water  in  the  oil  causes 
the  cups  to  stop  feeding  and  it  is  then 
difficult  to  get  either  oil  or  water  to 
come  through.  The  pressure  is  50 
lbs.  F.H.W.    (COL.) 

The  oil  operating  mechanism  of  a 
hydraulically-operated  turbine  govern- 
ing device  would  very  likely  have  all  of 
the  oil  passages  sufficiently  large  so  that 
the  presence  of  water  or  emulsion 
would  have  no  effect  on  the  operation 
of  the  valves  or  on  the  accuracy  of  the 
governing.  In  a  forced-feed  oiling  sys- 
tem for  reciprocating  engines  the  pipes 
themselves  are  quite  small  and  the  open- 
ings through  the  oilers  exceedingly 
small.  Consequently  any  liquid  that  is 
less  free-flowing  than  oil  will  restrict  or 
entirely  stop  the  flow  through  them. 

JFJ- 

i62(>— Direct  -  Current  Armature 
Winding — Please  discuss  which  of 
the  following  changes  of  a  six-pole 
armature  connection  from  550  to  275 
volts  should  give  the  best  operating 
results.  Also  any  faults  or  ad- 
vantages of  either  method.  The 
armature  has  a  strap  winding  of  195 
slots  8  conductors  each,  forming  390 
coils  2  turns  each,  with  390  commu- 
tator bars  and  risers.  Connections 
are  single  parallel  as  shown  in  Fig. 
(a).  The  following  changes  would 
be  made  to  connect  as  shown  in  Fig. 
(b).  Raise  all  top  leads  and  move 
into  connection  with  bottom  lead  lay- 
ing fourth  to  right,  thus  placing  the 
two  ends  of  same  coil  in  commutator 
riser  adjacent  but  one,  or  forming  a 
two-circuit  parallel  winding  of  igS 
coils  2  turns  each  per  circuit,  also 
using  2  commutator  bars   and   risers 
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in  multiple.  Should  the  two  circuits 
be  connected  at  each  pair  of  risers,  or 
at  regular  intervals,  such  as  fifth  pair 
or  depend  on  the  brushes  to  parallel 
them?  The  oth.-'r  method  proposed 
would  necessitate  the  changes  shown 
in  Fig.  (c).  Remove  connectmg  clips 
between  risers  and  use  2  conductors 
as  one,  thus  forming  a  single  parallel 
winding  of  390  coils  one  turn  each 
and  using  a  single  riser  and  bar 
to  carry  and  commutate  twice  the 
original  amperage.  W.I.S.  (tenn.) 

Either  of  the  schemes  proposed  for 
reconnecting  the  500  volt  armature  for 
250  volts  is  possible.  Fig.  (b)  is  pre- 
ferable as  it  gives  the  smaller  number 
of  parallel  paths  and  one  turn  per  coil, 
the  best  combination  for  commutation. 
If  Fig.  (a)  is  used,  the  two  circuits 
should    be    connected    at    each    pair    of 


torque.  Eq.  (iS)  contains  a  constant 
Ci,  the  value  of  which  is  given  in  Eq. 
(19).  This  last  equation  contains  the 
factor  Ci  which  is  the  ratio  of  the  face 
width  of  the  wheel  to  its  radius.  There- 
fore, the  wheel  of  a  brake  for  a  given 
torque  capacity  will  have  a  wheel  of  the 
diameter  given  by  a  curve  and  a  width 
equal  to  C:  times  the  radius.  The  curve 
in  Fig.  7  is  made  up  from  a  line  of 
brakes  in  which  the  shoe  width  is  0.7 
times  the  radius.  The  torque  capacity 
of  a  brake  wheel  depends  upon  the 
shape  of  the  shoe,  the  pressure  per 
square  inch  on  the  shoe,  and  the  co- 
efficient of  friction  between  the  wheel 
and  the  shoe.  As  these  factors  are 
more  or  less  fixed  by  the  materials  used 
and  the  general  design,  it  follows  that 
for  a  given  torque  the  diameter  of  the 
wheel  will  depend  upon  the  value  of  Ci. 
The  brake  wheel  with  a  small  diameter 
and  a  wide  face  will  have  less  stored 
energy  when  running  at  a  given  speed 
than  the  wheel  of  large  diameter.  In 
general,  the  diameter  of  the  wheel  will 
be  limited  by  the  dimensions  of  the 
motor  with  which  the  brake  is  to  be  used 
to  such  a  value  that  the  stored  energy 
of  the  brake  wheel  will  be  a  small  per- 
centage of  the  stored  energy  of  the 
motor  armature  and  the  driven  load. 
On  the  other  hand  the  brake  with  a 
large  wheel  diameter  will  not  require 
as  large  a  magnet  to  release  the  shoes 
as  a  brake  with  a  small  wheel  diameter. 


(cV?5ll  Volls 

FIGS.  1629   (a),   (b)   and   (c) 

risers.  This  will  give  the  effect  of  a 
single  parallel  winding  of  195  bars.  In 
either  case  it  probably  will  be  necessary 
to  increase  the  brush  size  somewhat  if 
the  current-carrying  capacity  of  the 
machine  is  to  be  increased.  In  order  to 
avoid  commutation  troubles  an  increase 
in  brush  width  should  be  avoided.  It 
will  probably  be  possible  to  work  the 
brush  at  a  higher  current  density  than 
is  now  used,  but  the  density  should  not 
exceed  50  amperes  per  square  inch  and 
the  width  of  brushes  should  not  be  in- 
creased more  than  is  necessary.        R.W.O. 

1630— Brake-Wheel  Diameter— In  the 
May  1918  issue  of  the  Journal,  p.  173, 
there    is    a    curve    showing    the    best 
diameter  of  brake  wheel  for  a  given 
torque.     Am  I  right  in  understanding 
that     this     curve     shows     the    torque 
capacity   of   a   brake   wheel   of   given 
diameter  with  a  face  one  inch  wide? 
G.K.M.  (md.) 
The  wheel  diameters  used  in  making 
up  the  curve  shown  on  p.   173  are  ob- 
tained  from  eq.    (18)    on  p.   174  for  a 
number  of  values  of  torque  and  these 
diameters     are     plotted     as     ordinates 
against     the    corresponding    values    of 


1631 — Booster  Transformer — Is  it  pos- 
sible to  use  one  single-phase  trans- 
former as  a  booster  on  a  three-phase 
circuit?  If  so,  please  give  diagram  of 
connections.  j.g.c.   (md.) 

One  single  phase  transformer  cannot 
be  used  as  a  booster  in  a  three-phase 
circuit.  w.M.M. 

1632 — Polyphase  Notation — In  the  ar- 
ticle entitled  "Notation  for  Polyphase 
Circuits"  in  the  Sept.  1907  issue  of 
the  Tournal,  p.  499,  occurs  the  phrase 
"If  Eab  ==  E  sin  (pt  +  9)  then  Eao 
=  E  sin  (pt  -|-  5  —  120°)  and  Eoi 
=  E  sin  (pt  -|-  e  .—  240°)."  Please 
explain  the  meaning  of  6  and  (pt  -(- 
6).  e.m.  (n.y.) 

The  more  usual  notation  is  Eab  =  E 
sin  {m  t  -\-  6  )  in  which  w  (p  in  Mr. 
Porter's  article)  equals  the  angular 
velocity  of  vector  rotation  equals  2  ir 
times  the  frequency  in  cycles  per  second 
and  t  represents  time  in  seconds.  The 
expression  w  t  (or  pt)  thus  defines  the 
location  of  the  vectors  at  any  particular 
instant.  6  (the  lower  case  letter  is 
usually  used  although  in  Porter's  article 
the  capital  letter  H  is  used)  represents 
the  angle  of  lag  or  lead  (depending  on 
the  sign)  relative  to  the  position  indi- 
cated by  01  t.  c.R.R. 

1633 — Illumination  Data — Kindly  give 
me    information    in     regards    to    the 
following    lighting     distribution     for- 
mula : — 
Lumens  = 

Area  {Sq.Ft.))<,Intensity {Foot-Candles) 
Constant 
Will  you  kindly  explain  where  the 
height  of  the  lamp  above  the  floor  is 
taken  into  account  in  this  formula. 
In  tables  given,  the  same  constant  is 
used  on  any  height  of  ceiling. 

j.H.H.  (ala.) 
This     formula,     which    is     commonly 
used  in  the  flux  of  light  method  of  cal- 
culation, is  entirely  independent  of  the 


number  of  lamps  and  of  the  ceiling 
height.  The  constant  in  the  denominator 
is  usually  described  as  the  "coefficient 
of  utilization"  and  is  dependent  upon 
the  kind  of  reflector  used  and  the  nature 
of  the  surrounding  walls  and  ceiling. 
In  its  more  complete  form  this  equation 
includes  also  a  depreciation  factor  by 
which  the  numerator  is  multiplied,  hav- 
ing a  value  from  1.2  to  1.4  which  takes 
into  consideration  the  fact  that  an  old 
and  dirty  lamp  docs  not  give  as  much 
light  as  a  new  one.  Having  determined 
the  total  number  of  lumens  required  to 
light  a  given  area  by  this  formula,  the 
number  of  lumens  per  outlet,  or  in 
other  words  the  size  of  lamp  to  be  used 
is  determined  by  the  lamp  spacing  de- 
sired, which  to  a  certain  extent  is  de- 
pendent in  turn  on  the  height  of  the 
ceiling  and  the  size  of  lamps  available. 
Having  determined  the  size  of  lamps 
and  spacing,  the  height  of  the  ceiling  or 
the  mounting  height  determines  the  type 
of  reflector.  Thus  a  relatively  low 
ceiling  would  require  an  extensive  type 
of  reflector;  a  very  high  ceiling,  re- 
latively, would  require  a  concentrating 
reflector  while  a  moderate  ceiling  would 
require  an  intensive  or  focusing  type  of 
reflector.  The  flux  of  light  method 
assumes  that  with  suitable  reflectors 
the  same  amount  of  light  will  be  pro- 
duced on  the  working  plane  per  lumen, 
regardless  of  the  height  of  the  ceiling. 

C.R.R. 

1634  —  Frequency  Changer  Sets  —  I 
have  four  belt-driven  frequency 
changer  sets  changing  frequency  from 
60  to  90,  440  volts  going  in  and  473 
volts  given  out  on  the  rings,  (a) 
Will  it  be  practical  to  parallel  these 
machines  and  would  they  be  syn- 
chronized the  same  as  generators?  I 
also  have  several  motors  which  I 
think  are  overloaded.  Please  advise 
me  the  simplest  way  to  find  out  the 
overload  these  machines  are  pulling, 
(b)  I  have  an  ammeter  and  a  volt- 
meter but  no  power-factor  meter,  but 
wish  to  know  the  power-factor. 

F.A.L.    (VA.) 

(a)  The  belt  -  driven  frequency 
changers  apparently  consist  of  induction 
motors  driven  in  reverse  direction  so 
as  to  obtain  a  frequency  of  90  cycles  in 
the  wound  secondary.  These  machines 
may  be  operated  in  parallel  and  will 
have  to  be  synchronized  just  as  in 
paralleling  any  ordinary  alternating-cur- 
rent generators.  If  the  four  machines 
are  belted  to  separate  engines  syn- 
chronizing will  be  easily  accomplished, 
but  if  they  are  all  driven  from  the 
same  line  shaft  some  difficulty  may  be 
encountered  unless  there  is  some  ready 
means  of  bringing  the  separate  machines 
into  phase.  The  speeds  of  all  of  them 
will  be  the  same  (assuming  equal  pulley 
ratios)  but  the  phase  positions  might  be 
different.  The  only  way  to  bring  the 
voltages  of  any  two  machines  into 
phase,  if  they  were  too  far  out  of  phase 
to  be  safely  paralleled,  would  be  to 
cause  more  belt  slippage  on  one  machine 
than  on  the  other.  If  one  of  the  belts 
were  run  over  an  idler  pulley  which 
could  be  adjusted  to  give  any  desired 
belt  tension  the  slippage  could  be  made 
sufficient  to  bring  the  two  voltages  into 
phase.  Some  method  of  adjusting  belt 
tension  is  desirable  from  the  standpoint 
of  load  division  also  since  the  propor- 
tion of  the  total  load  which  each  ma- 
chine will  carry,  when  the  four  are  m 
parallel,  depends  upon  the  tension  of  its 
belt,     (b)    In  order  to  find  the  power- 
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factor  of  an  induction  motor  it  is  neces- 
sary to  know  the  kilowatt  input  as  well 
as  the  voltage  and  current.  If  a  watt- 
meter is  available,  so  that  the  kw  input 
can  be  measured,  the  power- factor  may 
be  found  from  the  formula: — 
D  X     .  A'ot  X  1000 

Power-factor  =  y^UJ-^Amps  X  C 
Where  C  is  1.73  for  a  three-phase,  2.0 
for  a  two-phase  or  i.o  for  a  single- 
phase  motor.  The  horse-power  de- 
livered by  the  motor  may  be  found  ap- 
proximately as  follows: — 

Kw  X  0.9 
Horse-pozver  =  — —7^ 

If  a  wattmeter  is  not  available  the 
power-factor  and  horse-power  output 
can  probably  be  obtained  from  the 
manufacturer  provided  he  is  given  a 
reading  of  current  and  voltage  under 
maximum  load  conditions  and  the  serial 
number  of  the  motor.  Q.G. 

1635 — Rewinding  Induction  Motor — 
We  have  a  440  volt,  three-phase,  60 
cycle  motor  which  we  want  to  change 
to  two-phase,  220  volts,  60  cycles.  A 
says  the  nearest  it  can  be  connected 
to  220  volts  is  240  volts  which  will  be 
a  ten  circuit  connection  one  group  of 
six  coils  each  to  a  circuit.  B  says 
this  makes  a  165  volt  machine.  Now 
which  is  correct?  Also  is  there  a 
better  way  to  reconnect  this  machine? 
The  present  connections  are  five  cir- 
cuit star,  two  groups  of  four  coils 
each  to  a  circuit.  There  are  120  coils 
in  this  stator.  f.s.  (n.j.) 

In  general  a  two-phase  winding  re- 
quires 1.25  times  as  many  total  turns 
for  the  same  voltage  as  the  correspond- 
ing three-phase  or  expressing  it  in  volt- 
age, whenever  a  three-phase  motor  is 
reconnected  for  two-phase  it  should  be 


operated  on  80  percent  of  the  three- 
phase  rated  voltage.  In  the  case  given 
if  the  winding  were  connected  10  cir- 
cuit star  it  would  be  good  for  220  volts, 
three-phase,  or  if  it  were  connected  two- 
phase,  10  circuit  it  would  be  good  for 
176  volts,  two  phase  and  not  240  as 
stated.  Hence  B  is  more  nearly  correct. 
In  all  cases  of  changing  from  two  to 
three-phase  or  vice  versa,  attention 
should  be  given  to  the  question  of 
"phase  insulation"  between  the  pole 
phase  groups.  This  is  discussed  in  an 
article  on  "Reconnecting  Induction 
Motors"  by  Mr.  A.  M.  Dudley  in  The 
Electric  Journal  for  Feb.  1916.       a.m.d. 

1636 — TiRRiLL  Regulator — Referring  to 
instruction  book  No.  85502  B  under 
the  title  of  "Voltage  Regulators 
for  Alternating-Current  Generators," 
Type  T  A,  forms  F  and  K,  issued  by 
General  Electric  Co.,  pages  20,  21,  22 
and  23,  paragraph  headed  "exciter 
field  rheostat  and  generator  field 
rheostat  adjustment."  In  the  plant  I 
am  employed  we  are  using  a  G.  E. 
Tirrill  regulator  and  up  to  the  present 
time  have  not  adjusted  the  rheo- 
stats for  the  operating  points  (to  be 
used  when  regulator  is  in  operation). 
Electricians  claim  that  it  is  almost 
impossible  to  make  the  time  adjust- 
ment on  the  exciter  rheostat  and  have 
decided  that  it  is  not  necessary  any- 
how. We  simply  turn  the  exciter 
rheostat  to  some  point  where  good 
parallel  operation  of  exciters  is  ob- 
tained and  adjust  generator  rheostat 
until  proper  generator  voltage  with- 
out cross  currents  is  secured.  The 
question  is  why  is  it  necessary  that 
instructions  be  followed  as  to  rheo- 
stat   adjustment    and    what    is    to    be 


gained  by  making  these  adjustments. 
Personally,  I  find  that  these  points 
would  come  mighty  handy  many 
times,  especially  when  cutting  in 
another  exciter  or  generator  but  the 
convenience  argument  does  not  seem 
to  interest  them  enough  to  make  the 
adjustment.  I  wish  to  be  able  to 
show  that  a  more  stable  operaion  of 
both  exciters  and  generators  will  be 
obtained  and  that  there  will  be  less 
arcing  at  the  relay  contacts. 

E.M.  (n.y.) 
It  is  necessary  to  give  some  definite 
instructions  for  the  setting  of  exciter 
field  rheostats  so  that  it  will  not  be 
necessary  to  take  up  each  individual 
case  for  installation.  It  was  found 
after  experiments  on  different  exciters 
that  universal  satisfaction  was  obtained 
from  the  adjustments  described  in  the 
instruction  book.  In  some  cases  it  is 
not  necessary  to  turn  in  as  much  re- 
sistance in  the  exciter  field  circuit  as  in 
others  but  these  are  exceptions  rather 
than  the  rule.  The  reason  for  the  ad- 
justment as  outlined  in  the  instruction 
book  are  due  to  some  exciters  being 
more  sluggish  to  respond  to  field  ex- 
citation than  others,  as  for  instance  a 
quick  operating  exciter  would  require 
less  field  resistance  than  a  slow  operat- 
ing exciter.  h.a.l. 


CORRECTION 

In  the  July  1918  issue,  at  the  bottom 
of  p.  261,  left  column,  the  negative  sign 
was  omitted  from  147,  150,  372;  also 
from  18665  near  the  middle  of  the  right 
column. 

In  the  first  line  under  Fig.  8,  p.  261, 
the  expression  i/n  tan  ~'B„^„  should 
read  l/n  ton  ~'  B^/A^ 


Protect  Not  Only  Your  Equipment 
But  Also  Your  Workers 


© 


You  have  more  inexperienced  help  in  your  shops  now  than 
ever  before;  most  concerns  have  in  these  days  of  labor  scarcity. 
It  is,  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  only  those  ''green"  men,  but  also  the  equipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 
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Safety  Service  Motor  Starting 
Switch — Box  Closed 


Safety  Service''  Motor  Starting  Switch 

In  Steel  Box  Operated  from  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here  are  tKe  Reasons— Switch  is  entirely  enclosed  and 
operated  from  outside.  Box  cannot  be  opened  until 
switch  is  in  "  off  "  position. 

Here  is  the  Result — Workers  and  Exjuipment  are  Both 
Protected. 

Send  for  Our  Bulletin  describing  "Safety  Service"  Knife  S\\^itcbes 

THE  TRUMBULL  ELECTRIC  MFG.  CO. 

FLAINVILLE,   CONNECTICUT 


Motor  Starting  Switch — 
Box  Open 
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The  The    Association    of    Iron    &    Steel 

Association  Electrical  Engineers  will  hold  their 
of  Iron  and  twelfth  annual  convention,  Septem- 
Steei  Electrical  ber  ii— 14  at  the  Southern  Hotel, 
Engineers  Baltimore.  The  attendance  at  these 
annual  meetings  is  made  up  of  members  and  guests 
from  all  parts  of  the  country  to  discuss  problems  per- 
taining to  the  electrical  equipment  for  steel  mills  or 
such  equipment  to  make  a  complete  installation  or  unit. 

At  the  present  time,  the  association  has  250  active, 
460  associate  and  32  firm  members  who  are  identified 
in  some  way  with  the  iron  and  steel  industry  or  in  the 
manufacture  of  electrical  equipment  to  be  used  in  actual 
production  and  finishing  steel  products.  Under  the 
present  war  conditions  the  iron  and  steel  plants  have 
been  called  on  to  do  their  utmost.  This  in  turn  has 
made  new  and  additional  problems  for  the  electrical  en- 
gineer. The  object  of  the  Association  is  the  advance- 
ment of  the  application  of  electricity  to  the  iron  and 
steel,  or  allied  industries  by  the  co-operation  of  its  mem- 
bers. In  reviewing  the  past  ten  years  it  can  plainly  be 
seen  that  the  object  is  being  carried  out  and  much  credit 
is  due  the  Association  and  its  members.  The  Associa- 
tion stands  ready  to  give  any  assistance  possible  when 
called  upon. 

The  Philadelphia  Section,  under  Air.  R.  F.  Gale  as 
chairman  and  Air.  L.  O.  Alorrow  as  secretary,  has  done 
wonderful  work.  Their  monthly  meetings  have  been 
well  attended  and  the  papers  presented  have  been  of 
high  class  and  freely  discussed.  They  have  also  added 
many  new  members,  which  shows  their  loyalty  in  the 
affairs  of  the  Association. 

The  Cleveland  Section  under  Mr.  L.  \V.  Egan  as 
chairman  has  been  holding  regular  meetings  each  month 
and,  as  their  territory  is  limited,  they  are  doing  their 
best  with  gratifying  results. 

Chicago  Section,  being  located  at  a  distance,  has 
been  working  at  a  disadvantage  but  has  done  good  work 
for  the  Association. 

Pittsburgh  Section.  located  as  it  is  in  the  midsi  of 
the  big  steel  mills,  has  been  quite  active,  holding 
monthly  meetings  and  the  papers  presented  have  been 
in  keeping  with  the  policy  of  the  Association. 

Year  by  year  our  Association  has  grown  in  num- 
bers and  effective  organization.  We  have  many  valu- 
able members  "Over  There"  doing  their  part  in  this 
world  war,  and  we  know  they  are  doing  their  best. 
The  Association  has  been  quite  active  in  Standardiza- 
tion Work.     The  Committee  in  charge,  with  Mr.  W.  T. 


Snyder,  as  chairman,  has  made  very  considerable  pro- 
gress along  this  line.  It  is  only  necessary  to  read  the 
Annual  Proceedings  for  the  past  two  years  to  phow 
what  has  been  accomplished.  The  Editing  Committee, 
Air.  E.  Friedlander  Chairman,  has  just  completed  the 
Annual  Proceedings  for  the  year  1917,  making  a  volume 
of  775  pages. 

An  important  step  in  Association  development  dur- 
ing the  year,  has  been  the  appointment  of  Air.  John  F, 
Kelly  as  permanent  secretary,  with  headquarters  in 
the  Empire  Building,  Pittsburgh.  Mr,  Kelly  has  had' 
a  years'  experience  as  secretary  under  the  annual  elec- 
tive method  in  addition  to  extended  experience  in  the- 
steel  business,  having  resigned  from  the  electrical  de- 
partment of  the  National  Tube  Company  to  accept  his 
new  position,  where  he  will  be  ready  at  all  times  to 
give  any  information  pertaining  to  the  affairs  of  the 
Association.  Chas.  A.  AIenk. 


_,.        .  .  The    use    of    electricity    has    become 

J    ,      ^j.  such  a  part  of  our  daily  life  that  we 

do  not  appreciate  how  differently  this 
war  would  be  fought  were  it  not  for  the  tremendous 
development  of  the  electrical  art  during  the  last  30 
years.  It  is  no  exaggeration  to  say  that,  the  methods 
of  warfare  have  been  revolutionized  by  the  use  of  elec- 
trical energy  in  one  form  or  another.  For  hundreds 
of  years,  men  fought  with  spears  and  axes.  A  great 
improvement  was  made  with  the  introduction  of  bows- 
and  arrows,  as  it  was  then  possible  to  destroy  the  enemy 
at  a  greater  distance.  The  introduction  of  gun  powder 
rendered  obsolete  to  a  great  extent  the  weapons  previ- 
ously in  use,  but  not  completely,  as  is  evidenced  by  the 
fact  that  the  bayonet  still  remains  one  of  the  most  ef- 
fective instruments  for  obtaining  a  decision. 

The  evolution  of  methods  and  instruments  of  war- 
fare has  tended  to  increase  the  distance  between  the 
combatants  although  the  final  decision  must  often  be 
obtained  in  hand  to  hand  fighting  where  weapons  little 
different  from  those  of  hundreds  of  years  ago  are  used. 
As  pointed  out  by  Gen.  Black  in  his  address  before  the 
A.  I.  E.  E.  at  Atlantic  City,  the  only  new  characteristic 
of  this  war  is  the  use  of  air  craft. 

What  part  does  electricity  play  in  modern  warfare  ? 
\\'hile  new  weapons  of  offense  and  defense  are  rare, 
yet  the  part  played  by  electricity  in  improving  and  mak- 
itig  possible  modern  methods  is  of  vital  importance. 

Consider  one  of  the  most  important  requirements  of 
modern   armies — communications.     The   telegraph   and 
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telephone  are  of  paramount  importance  and  in  this  war 
they  have  been  supplementeci  by  wireless  communica- 
tion both  telegraphic  and  telephonic,  and  the  latter  will 
undoubtedly  become  of  greater  value  as  it  is  developed. 
Armies  extending  over  hundreds  of  miles  could  not  be 
coordinated  were  it  not  for  the  various  methods  of  elec- 
tric communication.  How  uncertain  communications 
were  before  electrical  methods  were  developed  is  .shown 
by  tiie  anxiety  suffered  by  Wellington  waiting  for 
Blucher  to  make  the  pre-arranged  attack  on  Napoleon's 
flank  at  Waterloo.  Such  a  maneuver  was  then  very 
difficult  while  to-da}'  attacks  on  fronts  of  a  hundred 
miles  are  coordinated  and  carried  out  with  certainty. 

The  latest  development  and  one  of  the  novelties  of 
the  war,  the  tanks,  would  hardly  be  possible  without  the 
internal  combustion  engine,  which  is  absolutely  de- 
pendent upon  electricity  for  its  operation.  The  part 
played  b\-  the  internal  combustion  engine  in  this  war 
cannot  be  over-estimated.  It  is  inconceivable  that  such 
a  war  could  be  carried  on  without  it.  Without  airo- 
jilanes,  tractors^  trucks,  etc.,  movements  of  such  magni- 
tude could  not  be  carried  out,  and  the  use  of  such  in- 
struments is  increasing  daily.  \'erdun  was  saved  by 
motor  trucks.  Without  electricity,  they  would  not  be 
possible.  Artillery  depends  greatly  upon  electrical 
methods  for  determining  the  position  of  the  enemies' 
guns  which,  even  when  carefully  hidden,  can  be  loc.ited 
and  destroyed. 

Turning  now  to  naval  warfare,  without  wireless 
communications,  the  absolute  blockade  of  German  sur- 
face craft  would  be  impossible.  Without  such  a  block- 
ade, the  problem  of  transportation  of  men  and  supplies 
across  the  Atlantic  would  be  enormously  increased. 
Unfortunately  electricity  is  also  a  servant  of  the  enemy 
as  well  as  ourselves  and  without  it  the  submarine  would 
not  be  practicable.  This  weapon  which  has  been  used 
in  such  a  cowardly  and  despicable  manner  by  the  enem\-. 
would  have  no  value  but  for  the  electric  motors  and 
storage  batteries  which  enable  it  to  approach  its  victim 
unseen.  Electricity  is,  however,  performing  an  impor- 
tant role  in  the  destruction  of  such  craft. 

The  modern  warship  has  Its  effectiveness  enorm- 
ously increased  by  the  use  of  electrical  devices  for  the 
operation  and  controlling  of  the  guns.  It  is  no  exag- 
geration to  state  that  without  such  electrical  devices  a 
ship  would  be  a  certain  victim  for  one  of  equal  power 
with  them. 

Modern  warfare  is  waged  not  only  on  the  battle- 
field, but  also  in  the  factories  and  on  the  farms.  Were 
it  not  for  the  development  of  the  central  generating 
station  and  the  readily  applicable  electric  motor,  our 
problems  of  extending  and  creating  munition  works 
would  be  enormously  increased,  and  in  fact  it  is  ques- 
tionable if  such  rapid  development  as  has  taken  place 
would  be  possible.  The  electric  motor  finds  an  ever- 
increasing  field  in  our  industries,  from  the  production 


of  the  steel  to  the  manufacture  and  transportation  of 
the  finished  guns  and  shells  upon  which  we  must  de- 
pend for  victory.  The  work  of  the  electrical  engineer, 
which  has  placed  America  in  the  forefront  in  this  field, 
has  made  ]iossible  such  a  rapid  extension  and  develop- 
ment in  the  work  of  providing  equipment  for  our 
armies,  as  to  astonish  our  friends  and  confound  our 
enemies.  Little  as  we  appreciated  the  value  of  our 
efforts  in  times  of  peace,  they  are  now  bearing  fruit  in 
the  vital  work  of  providing  the  weapons  for  the  heroic 
arnnes  that  are  carrying  on  the  war  for  freedom. 
When  history  is  written,  those  men  who  have  given 
their  lives  to  the  development  of  the  electrical  art  will 
have  a  place  of  honor  and  they  may  now  feel  that  they 
have  contributed  in  no  small  degree  towards  making 
this  world  fit  to  live  in. 

Wilfred  Sykes 


Obtaining 
Running 
Balance 


The  old-fashioned  cut  and  try  method 
of  obtaining  running  balance  of  ro- 
tating machines  has  always  been  a 
source  of  worry  to  mechanics  and  to 
engineers.  Usually  each  shop  has  developed  some 
genius,  possessed  apparently  with  a  sixth  sense  who  is 
able,  by  the  cut  and  try  method,  to  secure  some  sem- 
blance of  balance.  However,  it  v^^as  always  impossible 
to  reduce  this  to  a  science,  especially  with  ver)-  long  ro- 
tating elements,  or  in  the  case  of  motor-generator  sets 
having  two  separate  armatures  mounted  on  one  shaft. 
In  these  cases  the  efforts  to  obtain  a  smooth  running 
balance  have  often  extended  for  days,  or  even  weeks, 
accompanied  by  much  "higher  mathematics"  regarding 
critical  speeds. 

The  modern  tendency  toward  very  high  speeds  has 
magnified  these  difficulties  and  has  frequently  been  a 
stumbling  block  to  the  designing  engineer.  Cases  are 
frequently  encountered  in  high  speed  reduction  gears 
where  it  has  almost  been  impossible  to  determine  the 
source  of  vibration.  The  advent  of  the  dynamic  bal- 
ancing machine,  described  in  this  issue  by  Mr.  C.  C. 
Brinton,  has  largely  solved  all  of  these  difficulties,  for 
the  reason  that  it  is  now  possible,  by  a  direct  and 
straightforward  procedure,  to  determine  the  exact 
umount  of  metal  to  be  removed  from  or  added  to  any 
rotating  element  to  put  it  in  exact  balance,  as  well  as 
the  exact  locations  where  this  change  should  be  made. 
In  this  way  the  question  of  dynamic  balance  has  been 
reduced  to  an  exact  science,  instead  of  remaining  a  very 
mysterious  and  evasive  problem,  and  apparently  it  has 
made  it  unnecessary  to  consider  at  all  many  of  the 
higher  mathematical  complications  of  critical  speeds 
and  harmonics,  which  the  engineer  was  formerly  led 
to  believe  were  necessary  to  be  taken  into  account. 

From  the  practical  viewpoint  of  the  manufacturer 
and  the  operating  man  the  advent  of  this  machine  is 
indeed  a  blessing.  C.  W.  Johnson 
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W.  E. 

THE  ELECTRIC  FURNACE  is  revolutionizing 
the  steel  foundry  industries  where  castings  of 
small  and  medium  size  are  made.  Commercially, 
electric  steel  in  the  foundry  dates  back  only  about  five 
vears.     There  had  been  some  instances  of  its  use  in  a 


Moore* 

The  heats  usually  come  in  such  large  batches,  15  to 
60  tons,  that  very  costly  ladles,  cranes  and  buildings  are 
required  and  the  length  of  time  required  for  pouring 
such  quantities  allows  the  temperature — already  too 
low — to  drop  seriously,  so  that  "skulling"  of  the  ladle 


small  way  to  be  sure,  prior  to  that  date,  but  by  far  the     and  loss  by  "cold  shuts"  and  improperly  run  castings  is 

high.  With  the  acid  furnace,  generally  used  in  found- 
ries, high-grade  melting  stock  must  be  used,  as  no  re- 
fining is  practicable. 


"■reatest  advance  of  the  art  begins  with  the  year  1917. 

CRUCIBLE  MELTING 

The  original  method  of  producing  steel  for  the 
foundrv  was  b}'  crucible  melting.  Such  steel  is  of  e.x- 
cellent  qualit}-  when  high  grade  stock  is  melted ; 
furthermore  it  is  fairly  hot  when  it  comes  from  the 
crucible.  The  temperature  can  be  adjusted  by  hold- 
ing longer  in  the  furnace  when  necessary,  but  high 
heats  are  very  destructive  to  crucibles.  The  "pots", 
which  are  graphite-clay  crucibles,  are  quite  small,  hold- 
ing usually  200  lbs.  each,  so  that  for  the  larger  castings, 
several  "heats"  must  be  dumped  into  a  "bull"  ladle. 

Each  pot  contains  steel  of  slightly  different  analy- 
sis and  when  mixed  produces  more  or  less  reaction 
commonly  known  as  "boil"  in  the  bull  ladle,  thus  tend- 
ing to  make  porous  castings. 

Due  to  the  absorption  of  carbon  from  the  crucible, 
it  is  difficult  to  make  castings  low  enough  in  carbon  to 
obtain  the  ductility  desired  for  man\-  purposes. 
Furthermore,  the  steel  reduces  the  silica  from  the  clay 
of  the  crucible,  tending  to  run  the  silicon  content  of  the 
product  high.  The  overpowering  objection  to  the 
crucible  process  is,  however,  the  high  cost  of  the  pro- 
duct due  to : — 

a — High  cost  of  pure  melting  stock,  as  no  rcliniiig  is  prac- 
ticalile. 

li— ^■cr 
handled. 

c — Crucible  furnaces  are  notoriously  extravagant  in  fuel 
consumption,  frequently  using  three  tons  of  coal  per  ton  melted. 

d — High  cost  of  crucible  renewals,  often  averaging  two  to 
four  crucibles  per  ton  melted  at  a  cost  of  $9  to  $11  each,  or 
?i8  to  $44  per  ton  for  crucible  alone. 

For  these  reasons,  the  crucible  melting  shop  is 
rapidly  going  out  of  use  for  castings  and  also  for  tool 
steels. 

OPEN  HEARTH  MELTING 

The  open  hearth  furnace,  generally  of  the  acid, 
sometunes  basic  type,  next  came  into  favor  for  foundry 
steel.  Such  furnaces  are  of  moderate  first  cost, 
economical  of  fuel  and  capable  of  making  fairly  good 
foundry  steel,  either  soft  or  hard.  When  properly  con- 
structed, they  are  economical  of  fuel,  using  500  to  1000 
lbs.  of  high-grade  coal  per  ton  of  steel  melted  and  mak- 
ing two  to  three  heats  per  24  hours.  The  open  hearth 
is  well  adapted  to  very  heavy  castings  where  great  fluid- 
ity of  metal  is  not  required,  but  for  small  castings  it  is 
not  practicable  to  carry  the  heats  high  enough  to  run 
thin  castings  without  a  large  percentage  of  loss. 

*\V.  E.  Moore  &  Co.,  Engineers,  Pittsburgh,  Pa. 


high    labor   cost   on   account    of   the    small    heats 


THE   SIDE-BLOW    CONVERTER 

During  later  years,  the  side-blow  converter  pro- 
cess has  become  very  popular  in  steel  foundries,  mak- 
ing castings  of  medium  and  small  size.  In  this  pro- 
cess, high  grade,  high  silicon,  low  phosphorous  and  sul- 
phur pig  iron  is  melted  in  a  cupola  furnace  with  the 
finest  grade  of  coke  obtainable.  The  quite  hot  liquid 
iron  is  then  tapped  into  a  ladle  and  transported  and 
dumped  into  the  converter.  The  converter  is  then 
tilted  until  the  blast  tuyeres  which  enter  at  the  side  of 
the  vessel  are  turned  down  to  blow  directly  onto  the 
surface  of  the  metal.  The  blast  which  is  generally 
from  a  Root  type  blower  is  then  turned  on,  impinging 
sharply  against  the  surface  of  the  metal,  which  is  thus 
violently  agitated  and  oxidized.  The  air  blast  burns 
out  the  silicon  and  then  the  carbon,  the  products  of 
combustion  being  CO,  and  SiO„,  which  combustion 
greatly  increases  the  heat  of  the  metal,  as  brought  from 
the  cupola.  When  the  process  has  proceeded  far 
enough,  which  the  operators  guess  at  from  "the  drop  of 
the  flame",  the  ferroalloys  and  a  large  "dose"  of  alumi- 
num are  thrown  into  the  bath  to  reduce  the  oxides,  neu- 
tralize the  sulphur,  and  "kill"  the  steel,  which  would 
otherwise  be  "wild",  e.  g.  full  of  effervescing  gases, 
when  poured.  It  would  also  be  "hot  short"  that  is 
prone  to  crack  when  freezing  in  the  moulds,  unless 
doctored  by  the  addition  of  manganese  as  the  converter 
eft'ectively  burns  out  the  manganese  of  the  pig  iron 
charge.  The  steel  is  then  dumped  from  the  converter 
into  a  Inill  ladle  in  which  it  is  transported  by  traveling 
crane  directly  to  the  larger  moulds,  or  to  be  shanked  oft 
into  the  smaller  moulds  by  small  fiand  ladles. 

The  advantages  are : — Converter  steel  may  be  made 
ciuite  hot  and  fluid  enough  for  quite  thin  castings;  tlie 
heat,  usually  averaging  two  tons,  is  of  convenient  size 
to  be  poured  off^  quickly.  The  fuel  consumption  is 
moderate,  though  rather  higher  than  for  the  iron  cupola, 
averaging  400  to  600  lbs.  of  coke  per  ton.  The  first 
cost  of  the  apparatus  is  low. 

The  disadvantages  are : — The  metal  must  be 
handled  twice  in  the  ladle.  The  metal  picks  up  sul- 
phur and  phosphorous  from  contact  with  the  fuel  in 
the  cupola.  The  losses  in  the  cupola  and  converter  are 
quite  high,  running  from  17  to  24  percent,  further  con- 
centrating and  increasing  the  percentages  of  impurities 
in  the  original  metal  and  wasting  costly  melting  stock. 
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The  steel  is  full  of  oxides  and  gases  and  requires 
large  quantities  of  expensive  ferro-alloys  to  "kill".  The 
quality  of  the  steel  physically  as  well  as  chemically  is 
below  par.  A  heat  once  blown  too  cold  cannot  be 
brought  up  in  heat  enough  to  cast  and  must  be  "pigged." 

Only  the  highest  grades  of  melting  stock  may  be 
used,  costing  generally  $io  to  $20  per  ton  more  than  for 
the  acid  open  hearth  furnace  and  $20  to  $35  per  ton 
more  than  for  the  electric  furnace.  The  maintenance 
is  high,  as  the  cupola  and  concrete  linings  must  be  re- 
paired after  each  10  hours  run. 

THE   ELECTRIC    FURNACE 

The  electric  furnace  is  the  newest  steel  producing 
furnace  and  is  gaining  in  popularity  more  rapidly  than 
all  others.  It  is  the  most  compact  furnace  of  them  all 
and  the  rapidity  with  which  it  will  melt  down  cold 
charges  adapts  it  to  the  making  of  steel  castiiigs.  It 
is  the  cleanest  and  most  certain  method  of  making 
specification  steel.  Its  relative  freedom  from  dust  and 
dirt  and  its  small  bulk  make  it  feasible  to  locate  the 
furnace  near  the  center  of  the  floor  where  the  metal 
need  be  transported  short  distances  only.  The  size  is 
small  and  convenient  and  the  heats  come  rapidly,  so 
that  no  large  floor  area  must  be  tied  up  in  moulds  for 
each  heat  and  it  works  to  best  advantage  on  the  foundry 
floor. 

The  arc  type  furnace  is  most  advantageous  for 
foundry^  work  and  the  most  popular  size  has  a  capacity 
of  three  tons  per  heat.  The  more  highly  powered  and 
rapid  furnaces  for  such  work  turn  out  eight  to  twelve 
heats  per  twenty-four  hours,  and  with  a  power  con- 
sumption of  500  to  650  kilowatt-hours  per  ton  of  liquid 
steel,  or  considering  the  efficiency  of  the  large  modern 
turbogenerator  power  house  at,  say,  1.5  lbs.  of  coal 
per  kw-hr.,  its  fuel  consumption  might  be  said  to  be 
the  equivalent  to  750  to  900  lbs.  of  coal  per  ton,  and  the 
coal  need  not  be  of  high  grade,  nor  low  in  sulphur  and 
phosphorous  as  is  customary  with  fuel  fired  furnaces. 

Since  the  charge  is  melted  in  a  reducing  atmos- 
phere, there  is  practically  no  oxidization  of  the  metal ; 
consequently  thin  scrap  or  light  fluiify  turnings  or  scrap 
i)f  other  forms,  such  as  can  be  conveniently  charged 
into  the  furnace,  may  be  melted.  Such  scrap  on  the 
present  market  sells  for  approximately  $12  to  $15  per 
ton  less  than  "low  phos.",  heavy  melting  scrap  neces- 
sary with  the  ordinary  acid  oiien  hearth  melting  fur- 
nace installation. 

The  furnace  atmosphere  being  of  a  reducing  nature 
makes  it  easier  to  refine  and  kill  the  steel,  resulting  in  a 
saving  of  frequently  half  of  the  ferro-alloys  necessary 
with  converter  steel,  effecting  a  saving  of  say  $2.00  per 
ton.  The  melting  losses  in  the  electric  furnace  are 
much  the  lowest  of  any  modern  process,  averaging  one 
to  five  percent,  as  against  six  to  nine  percent  in  the 
open  hearth  and  16  to  24  percent  in  the  converter  pro- 
cess. 

The  electric  furnace  does  not  contaminate  the 
metal  as  with  fuel  heated  furnaces  and  will  therefore 
readily  make  No.  3  U.  S.  A.  specification  steel,  where  it 


is  nowda}-s  practically  impossible  to  find  melting  stcck 
sufficiently  pure  to  do  so  with  the  converter  process. 
The  saving  alone  in  the  cost  of  melting  stock  will  more 
than  pay  the  entire  conversion  cost  of  electric  steel. 
The  deader,  more  quiet  steel  yields  a  larger  percentage 
of  good  castings  and  the  lower  sulphur  renders  the  cast- 
ings freer  from  shrinkage,  flows  and  cracks,  while  the 
hotter,  more  fluid  steel  renders  possible  thinner  weight 
and  lighter  sections  than  can  be  produced  commercially 
by  other  processes.  The  greatest  point  in  favor  of  the 
electric  furnace  is  the  much  higher  grade  of  castings 
produced. 

With  the  electric  furnace,  the  foundryman  can 
more  readily  make  and  check  his  steel  to  exact  per- 
centage of  carbon,  manganese  and  silicon,  and  can 
easily  keep  the  undesirable  sulphur  and  phosphorous  to 
low  limits.  The  heat  may  be  readily  alloyed  with 
nickel,  chromium  and  vanadium  to  make  the  higher 
grades  of  steel  castings  for  special  purposes,  such  as 
may  be  required  for  parts  of  unusual  strength,  ductil- 
ity or  for  cutting  tools ;  it  is  thus  entirely  feasible  to 
make  castings  which  will  run  up  to  an  ultimate  of 
130000  lbs.  per  sq.  in. 

At  the  present  time,  foundry  furnaces  are  usually 
run  with  acid  linings,  as  purchasers  are  glad  to  get 
castings  of  any  specification  steel,  but  when  tlie  war  is 
over  and  buyers  become  more  discriminating,  it  is  be- 
lieved that  much  closer  specifications  will  be  issued  and 
still  better  grade  required,  especially  lower  limits  on 
sulphur  and  phosphorus.  Then  the  basic  lined  electric 
furnace  will  become  an  everyday  foundry^  necessity. 
Basic  steel  cannot  be  properly  worked  in  a  long  arc  fur- 
nace, furnaces  using  55  volts  at  the  arc  during  the  re- 
fining period  being  the  upper  limit  for  heavy  duty  work, 
if  reasonable  life  of  the  refractories  is  to  be  attained. 
For  rapid  work  on  refining,  furnaces  constructed  so  as 
to  allow  a  large  diameter  shallow  metal  bath  are  es- 
sential. Every  facility  must  be  provided  for  readify 
slagging  the  furnace  and  all  conveniences  must  be  af- 
forded for  fettling  and  repairing  the  banks  and  bottom, 
which  the  highly  corrosive  slags  cut  away  rapidly.  The 
carbon  or  graphite  electrodes  oxidize  slowly  away  and 
facilities  must  be  provided  for  adjusting  or  renewal. 
The  refractories  flux  down  occasionally  and  must  be 
replaced.  It  is  a  matter  of  vital  importance  that  the 
furnace  be  provided  with  facilities  whereby  such  ad- 
justments and  renewals  may  be  made  with  minimum 
loss  of  time,  production  and  labor,  for  the  furnace  is 
quite  hot  and  repairs  uncomfortable  for  the  men  to 
make,  even  with  the  best  facilities. 

By  reason  of  the  now  generally  acknowledged  su- 
perior quality  of  the  product,  greater  flexibility  of  op- 
eration, quicker,  more  convenient  sized  heats,  saving  in 
alloys  and  in  cost  of  melting  stock,  the  electric  furnace 
is  rapidly  coming  to  the  front  in  the  steel  foundry, 
wherever  suitable  power  is  available  and  progressive 
policies  in  vogue.  It  is  making  possible  the  profitable 
operation  of  widely  distributed  small  steel  foundries  to 
an  extent  not  generally  realized. 
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STEEL  MILL  motors  are  practically  always 
located  so  that  they  are  subject  to  a  large 
amount  of  dust  and  dirt,  and  the  service  which 
they  are  called  upon  to  withstand  is  of  the  most  severe 
character.  The  precautions  discussed  in  this  article 
apply  particularly  to  the  larger  motors  and  their  ac- 
cessories such  as  those  used  to  drive  the  main  rolls  in 
steel  mills.  In  general  the  installation  and  care  of  this 
class  of  machinery  is  similar  to  that  for  other  large 
electrical  power  apparatus,  but  on  account  of  the  ex- 
c'eptionally  severe  service  and  the  unfavorable  nature 
of  the  surroundings,  certain  features  require  particular 
emphasis. 

INSULATION    PROTECTION 

Steel  mill  motors  are  given  an  insulation  test  before 
shipment  of  twice  normal  voltage  plus  looo  volts  in 
accordance  with  the  A.  I.  E.  E.  rules,  insuring  an  ample 
factor  of  safety  against  insulation  break  down,  but  this 
wide  margin  of  safety  is  naturally  reduced  after  the 
machines  are  in  service.  The  rate  of  deterioration  de- 
pends on  several  causes,  the  principal  among  which  are 
excessive  overloads,  abnormal  voltages,  mechanical  vi- 
bration, accumulation  of  dirt  and  sweating  of  the  wind- 
ings. 

Overloads — Motors  should  be  protected  against  in- 
jurious overloads  by  proper  control  apparatus. 

Abnormal  Voltages  may  be  occasioned  by  partial 
grounds,  lightning  etc.,  and  the  insulation  should  be 
guarded  against  breakdowns  due  to  this  cause  by  suit- 
able lightning  arresters,  reactors,  and  other  standard 
devices.* 

Vibration — Mechanical  vibration  is  caused  either 
by  improper  alignment,  loose  foundation  bolts,  unbal- 
anced couplings  or  is  transmitted  to  the  motor  from  the 
mill  equipment.  Wherever  possible,  the  motor  should 
be  protected  from  vibration  from  the  mill  b}-  the  use  of 
a  well-balanced  flexible  coupling. 

Dust  and  Dirt — No  doubt  the  most  prolific  source 
of  trouble  is  the  collection  of  dirt  and  dust  in  the  wind- 
ings. An  analysis  was  made  of  a  sample  of  dust  taken 
from  the  bedplate  of  a  rolling  mill  motor,  the  composi- 
tion of  which  as  follows: — 

),^^|^'"  2.2  percent 

Carbon   as  coke  dust,  etc.  16.6  percent 

sihca   (SiO.)   as  slag,  sand,  etc 


9.8  percent 

63.0  percent 

6.8  percent 

l.o  percent 

Eighty-one   percent   of   this   deposit   is   good   con- 
ducting material  which  would  tend  to  introduce  creep- 


Iron  oxide  (Fe,Oj)   as  scale  and  ore 
Aluminum  oxide  (AI.Os) 
Calcium  oxide  (CaO) 


age.  It  is  for  this  reason  that  greater  precaution 
should  be  taken  in  steel  mills,  to  protect  electrical  ap- 
paratus, than  in  other  industries  where  the  atmosphere 
IS  not  laden  to  such  an  extent  with  conducting  material. 
Motor  House — It  is  advisable  to  provide  a  motor 
house  within  the  mill  to  protect  the  motor  and  control 
apparatus  from  mill  dust  and  gas  fumes  which  attack 
the  insulation  and  corrode  the  brass  and  copper  parts. 
Corrosion  is  very  destructive  to  these  parts,  particularly 
to  commutators,  and  works  into  connections  not 
soldered,  causing  heating  and  creepage.  When  a  motor 
room  is  provided,  it  is  easier  to  keep  the  apparatus 
clean,  the  mill  men  and  unauthorized  persons  are  kept 
away  from  the  electrical  equipment. 
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Motor- Driven 
Circulating  Pump 


♦Various  methods  of  protection  against  abnormal  voltages 
are  discussed  m  an  article  by  Mr.  P.  M.  Lincoln  in  this  issue 
on  p.  346. 
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FIG.    I — LAYOUT   OF   VENTILATING    SYSTEM    FOR    MILL    MOTORS 

This  is  the  usual  arrangement  when  two  blowers  are  installed, 
one  acting  as  a  spare. 

Ventilation — One  of  the  most  important  things  to 
consider  in  the  installation  of  a  motor  room  is  to  make 
certain  that  the  air  for  ventilating  purposes  is  taken 
from  a  clean  source.  In  every  case  the  motor  room 
should  be  completely  closed  off  from  the  mill  and  where 
clean  air  is  not  directly  available,  an  air  duct  with  a 
blower  should  be  provided. 

It  is  seldom  possible  to  obtain  clean  air  in  a  steel 
mill,  so  that  these  systems  are  usually  provided  with  air 
washers.  An  arrangement  of  an  air  washer  and  two 
blowers  is  shown  in  Fig.  i,  one  of  the  blowers  being 
installed  to  act  as  a  spare.  If  the  washer  is  placed  be- 
tween the  blower  and  the  motor,  the  former  is  subjected 
to  the  pressure  of  the  blower,  which  has  a  tendency  to 
cause  leakage.  For  this  reason,  the  air  should  always 
be  drawn  through  the  washer  at  atmospheric  pressure. 
The  amount  of  air  necessary  to  ventilate  a  motor  de- 
pends upon  its  electrical  losses.  It  is  best  to  have  the 
manufacturer  specify  the  amount  of  air  necessary,  but 
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as  a  general  rule  about  eight  cubic  feet  per  rated  horse- 
power per  minute  will  be  sufficient. 

In  laying  out  ventilating  ducts,  care  should  be  taken 
to  avoid  sharp  turns,  as  these  seriously  interfere  with 
the  passage  of  air.  The  ducts  should  be  made  as 
straight  as  possible  and  of  such  dimensions  that  exces- 
sive air  velocities  will  not  be  encountered.  Velocities 
in  the  duct  of  not  over  2000  feet  per  minute  have  been 
found  most  satisfactory  for  this  purpose.  This  applies 
to  all  passages  from  the  source  to  the  motor.  The  air 
in  the  washer,  however,  should  not  travel  over  600  feet 
per  minute,  as  otherwise  moisture  may  be  carried  to 
the  motor. 

The  air  intake  should  be  provided  with  two  open- 
ings, one  arranged  to  take  air  from  the  inside  of  the 
motor  room  and  the  other  to  take  air  from  the  outside 
of  the  building.  This  arrangement  is  necessary,  since 
in  the  winter.the  air  which  is  taken  from  the  outside 
will  carry  snow  and  ice  into  the  windings.  If  an  air 
washer  is  used,  it  will  become  clogged  with  ice.  With 
the  arrangement  mentioned  above,  all  or  a  part  of  the 
air  can  be  taken  from  inside  the  motor  room  in  winter 
weather.  It  is  best  to  proportion  the  amount  of  air 
taken  from  each  source  so  that  the  temperature  in  the 
duct  is  never  below  50  degrees  F.  A  single  door  or 
shutter  arrangement  should  be  provided  for  the  two 
openings,  arranged  so  that  in  closing  one,  the  other  is 
automatically  opened.  This  will  prevent  the  possibil- 
ity of  both  openings  being  closed  at  the  same  time  and 
depriving  the  motor  of  its  ventilation.  This  door  will 
serve  as  a  damper  for  properly  proportioning  the 
amount  of  air  taken  from  each  source,  the  door  being 
fixed  in  the  proper  intermediate  position. 

In  the  case  of  forced  ventilated  machines,  the 
blower  should  be  so  interlocked  with  the  control  that 
it  is  impossible  to  operate  the  machines  unless  the 
blower  is  functioning.  This  can  best  be  done  by  plac- 
ing in  the  duct  a  vane  which  carries  a  contact  in  the 
control  circuit,  rendering  the  control  inoperative  unless 
the  vane  is  deflected  by  air  passing  through  the  duct. 

When  ventilating  air  is  forced  into  a  motor  room, 
the  room  must  be  designed  with  sufficient  openings  to 
provide  free  outlet  for  the  air,  so  that  a  pressure  will 
not  be  set  up  in  the  room  and  the  influx  of  air  opposed, 
thus  diminishing  the  amount  of  air  to  the  machines. 
The  best  plan  is  to  install,  near  the  I'oof,  exhaust  fans 
having  sufficient  capacity  to  expel  the  same  amount  of 
air  as  is  forced  in  by  the  blower. 

Sometimes  it  is  not  convenient  to  install  a  motor 
house,  in  which  case  the  motor  can  be  enclosed,  as 
shown  in  Fig.  2,  and  artificial  ventilation  provided  as 
described  above.  The  most  common  instance  of  this  is 
a  hot  sheet  mill.  Motors  for  this  application  are  in- 
variably located  in  a  pit,  where  it  is  difficult  to  obtain 
the  necessary  change  of  air  and  the  atmosphere  is  un- 
usually warm  and  dirty. 

Siveating  is  the  result  of  a  difference  of  tempera- 
ture between  the  machines  and  the  surrounding  air.  If 
the   air   is   saturated  at   a   certain   temperature   and   is 


cooled  below  this  point,  it  gives  up  some  of  its  moisture. 
When  the  temperature  of  the  machine  is  low  enough  to 
reduce  the  temperature  of  the  air  below  the  dew  point, 
the  excess  moisture  is  precipitated  upon  the  machines. 
This  is  very  injurious  to  insulation  and  has  a  bad  efi'ect 
on  the  apparatus  generally  as  it  causes  rusting  of  jour- 
nals and  other  bright  metallic  parts  and  corrosion  of  the 
copper  and  brass.  If  the  room  temperature  is  kept  uni- 
form at  all  times,  or  if  the  machines  are  kept  slightly 
warmer  than  the  surrounding  air,  sweating  will  be  pre- 
vented. 

HANDLING 

Extreme  care  should  be  used  while  unloadin,j  or 
otherwise  handling  large  electrical  apparatus  as,  from 
the  nature  of  such  apparatus,  it  is  easily  damaged  by 
being  allowed  to  slip  or  bump  against  anything.  If  the 
insulation  is  once  broken,  it  is  practically  impossible  to 
repair  it,  so  that  it  is  as  good  as  it  was  originally,  and 
the  delay  and  expense  occasioned  by  even  a  slight  dam- 
age is  out  of  all  proportion  to  the  extra  effort  required 
to  "play  safe"  when  handling  this  class  of  apparatus. 
Rope  or  cable  slings  should  be  used  when  lifting  rotors 


Cover  Plates  Added 
to  Standard  Open 


FIG.    2 — STAND.\RD  OPEN   MOTOR  ARRANGED   FOR   FORCED  VENTILATION 

By  enclosing  the  ends.  The  air  is  brought  in  through  one 
of  the  cover  plates  and  allowed  to  escape  through  holes  in  the 
frame. 

with  cranes,  and  these  should  be  so  placed  and  sepa- 
rated with  spacers  that  no  pressure  is  exerted  on  the 
windings. 

When  possible  a  rotor  should  be  supported  from  its 
shaft  or  spider.  If  it  is  necessary  to  place  it  on  the  floor, 
it  should  be  set  on  a  board  not  wider  than  the  active 
iron.  It  should  be  borne  in  mind  that  a  scar  or  dent  in 
the  laminations  short-circuits  them  and  partly  nullifies 
the  effect  of  the  laminated  construction.  Eddy  cur- 
rents will  be  set  up  in  the  laminations  so  short-circuited 
which  will  cause  a  hot  spot,  and  endanger  the  insulation 
at  this  point. 

STORING 

When  electrical  apparatus  is  received,  it  should  be 
placed  in  a  dry,  clean  store  room  and  covered  up  to 
keep  out  dust  and  dirt.  This  storeroom  should  have  an 
even  temperature  to  prevent  sweating. 

ERECTING 

The  machines  should  be  erected  on  substanti.il 
foundations,  designed  with  reference  to  the  subsod  at 
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the  particular  location  so  that  they  will  not  be  thrown 
out  of  line  by  settling  of  the  foundations.  Motors 
should  be  securely  anchored  to  the  foundations  and 
grouted  in  to  guard  against  any  unnecessary  vibrations. 
When  setting  machines  on  the  foundations,  par- 
ticular care  should  be  taken  to  line  up  all  bearings  cor- 
rectly and  see  that  they  are  clean.  Journals  should  be 
examined  for  rough  or  rusty  places  and  gone  over  care- 
fully to  see  that  they  are  in  perfect  condition  before  be- 
ing placed  in  the  bearings.  The  air-gap  should  be 
checked  after  the  machine  is  set,  and  all  bolts  gone  over 
to  see  that  they  are  tight.  Machines  should  be  religned 
regardless  of  shop  alignment,  due  to  stresses  whkh  may 
be  received  during  handling  or  shipment. 

STARTING 

After  the  machines  are  completely  set  up  they 
should  be  thoroughly  dried  out  before  being  started. 
This  can  be  done  by  applying  heat  externally  or  by  cir- 
culating current  in  the  windings.  Drying  out  externally 
can  be  done  by  placing  resistance  grids  under  the  ma- 
chines to  dissipate  roughly  about  one  kilowatt  per  loo 
horse-power  rating  of  the  machines.  Care  should  be 
taken  that  no  part  of  the  hot  grids  comes  in  contact  with 
the  windings.  The  machine  should  be  covered  with  a 
tarpaulin  and  an  opening  provided  at  the  top  to  allow 
the  escape  of  the  moisture,  otherwise  it  will  condense 
on  the  machine  again  as  soon  as  the  heat  is  discon- 
tinued. A  thermometer  should  be  kept  on  the  ma- 
chines, and  the  tempei^ature  not  allowed  to  e.xceed  90 
degrees  C.  unless  it  is  known  positively  that  the  insula- 
tion is  of  such  a  character  that  higher  temperatures  will 
not  be  injurious. 

The  time  required  to  dry  out  a  machine  thoroughly 
will  vary  from  a  few  days  to  several  weeks,  depending 
on  the  size  of  the  machine  and  the  condition  of  the 
insulation  when  starting.  Insulation  resistance  should 
be  taken  two  or  three  times  a  day  at  uniform  intervals, 
during  the  period  of  dry  out,  and  a  curve  plotted  using 
resistance  as  ordinates  and  hours  as  abscissa.  A  high- 
voltage  megger  is  the  most  convenient  method  of  meas- 
uring insulation  resistance,  but  a  high  resistance  volt- 
meter and  an  ungrounded  600  volt  direct-current  cir- 
cuit can  be  used.  In  using  a  megger,  the  instructions 
coming  with  the  instrument  should  be  carefully  fol- 
lowed or  misleading  and  erratic  results  may  be  obtained. 
These  readings  should  be  taken  when  the  insulation  is 
warm.  When  using  a  high  resistance  voltmeter  and  an 
ungrounded  600  volt  circuit,  one  side  of  the  circuit 
is  connected  to  the  frame  of  the  machine  and  the  other 
side  to  the  bare  windings,  through  the  voltmeter.     The 

insulation  resistance  then  equals, —  '  R  =  '  ^  "^J  ^  '" 
where,  R  =  the  insulation  resistance ;  r  =  the  resistance 
of  the  voltmeter;  V  =  the  line  volts  and  r  =  the  volt- 
meter reading.  The  temperature  of  the  windings 
should  be  recorded  at  the  time  of  taking  the  insulation 
resistance.  This  process  should  be  continued  until  the 
curve  shows  that  the  insulation  is  thoroughly  dry,  i.  e. 
until  there  is  no  further  change  in  resistance. 


Alachines  which  have  been  dried  out  by  applying 
external  heat  only,  may  show  a  very  good  value  of  in- 
sulation resistance  with  a  megger  and  still  have  mois- 
ture in  the  insulation  next  to  the  conductor.  This  is 
particularly  true  of  high  voltage  machines  where  the  in- 
sulation is  heavy  and  it  is  very  difficult  to  entirely  drive 
out  the  moisture.  Hence  a  much  more  effective  method 
is  to  apply  the  heat  internally  by  circulating  current. 
Machines  of  2200  volts  or  higher  can  generally  be  dried 
by  applying  220  volts  alternating  current,  simply  by 
connecting  this  circuit  to  the  terminals  without  inter- 
posing resistance.  This  point  should,  however,  be 
checked  with  the  manufacturer  or  the  machines  can  be 
watched  very  closely  at  first  by  observing  thermometers 
placed  on  the  coils  to  make  sure  that  they  do  not  over- 
heat. The  application  of  current  directly  to  the  coils 
presupposes  that  the  insulation  is  in  good  enough  con- 
dition to  withstand  this  low  voltage.  If  the  insulation 
is  in  poor  shape,  external  heat  should  be  used  until  it  is 
safe  to  apply  a  low  voltage  for  circulating  current.  The 
same  process  of  taking  megger  readings  should  be  fol- 
lowed as  is  described  above  for  external  heating  unin 
the  insulation  on  the  resistance  reaches  a  fixed  value. 
The  A.  I.  E.  E.  recommendation  for  insulation  resist- 
ance is, — 

Voltage 
Megohms  =  X'T  t,.  a.  + /ooo 

This  value  seems  to  be  low  and  for  some  mill  ap- 
paratus particularly  2200  volt  machines,  the  machines 
should  show  at  least  one  megohm  per  thousand  volts. 
These  values  are  not  given  with  the  understanding  that 
the  drying  process  should  be  stopped  when  these  values 
are  reached  but,  in  every  case,  the  process  should  be 
continued  until  a  constant  value  is  obtained.  If  this 
constant  value  does  not  equal  that  given  above,  tiie 
manufacturer  of  the  apparatus  should  be  notified. 

Many  machines  are  placed  in  service  after  liie 
above  precautions  have  been  taken,  but  on  large  ap- 
paratus where  continuit)'  of  service  is  important,  many 
operators  give  the  apparatus  the  same  insulation  test  as 
it  receives  in  the  factory  before  shipment.  Megger 
tests,  although  serving  as  a  measure  of  precaution,  can- 
not be  entirely  relied  upon,  as  it  is  possible  to  show  good 
resistance  values  when  the  insulation  is  on  the  verge 
of  a  breakdown.  The  only  adequate  method  of  meas- 
uring the  ability  of  the  insulation  to  withstand  operating 
voltage  is  to  apply  actual  potential  test  on  the  insulation. 
This  requires  a  small  transformer  testing  box  designed 
to  give  a  wide  range  of  \'oltage.  The  test  voltage  can 
be  applied  for  a  period  of  one  minute  and  if  a  weak 
point  is  found,  very  little  damage  is  done,  due  to  the 
small  capacity  of  the  transformer.  On  the  other  liand 
if  the  apparatus  is  placed  in  service  without  discover- 
ing this  weak  point,  the  apparatus  itself  may  be  con- 
nected to  a  power  circuit  having  considerable  capacity 
and  when  the  breakdown  occurs,  the  large  amount  of 
power  available  could  damage  the  machine  seriously. 
Such  a  breakdown  occurs  when  the  mill  is  in  operation 
and  its  delay  is  serious.     If  a  testing  transformer   is 
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used,  this  can  be  done  before  the  equipment  is  started 
up  and  the  repair  made  before  the  mill  is  placed  in  op- 
eration. Before  this  voltage  test  is  made,  the  machine 
should  be  blown  out  and  all  brass  and  copper  parts 
wiped  clean  as  the  presence  of  dirt  may  cause  a  failure, 
even  when  the  machine  is  in  good  condition. 

Before  starting  a  motor,  it  should  be  thoroughly 
inspected  to  see  that  all  bolts  are  tight,  brushes  operat- 
ing freely  in  their  holders,  that  there  is  nothing  in  the 
air-gap,  that  the  bearings  are  oiled  and,  if  water  cooling 
is  necessary,  that  the  water  is  turned  on.  It  is  well  to 
rotate  the  machine  by  means  of  a  bar  or  crane  before 
actually  starting  with  current  to  make  sure  that  it  turns 
freely.  After  the  machine  is  started  and  before  it  is 
brought  up  to  full  speed,  it  should  be  inspected  to  see 
that  the  oil  rings  are  turning  and  actually  bringing  up 
oil  and  that  no  part  of  the  rotor  is  striking.  The  bear- 
ings should  be  inspected  eveiy  few  minutes  while  bring- 
ing the  machine  up  to  speed  and  for  four  or  five  hours 
after  it  is  up  to  speed,  to  insure  that  they  are  not  gen- 
erating excess  heat.  A  thermometer  should  be  placed 
on  any  bearing  that  shows  a  tendency  to  generate  ex- 
cess heat.  This  thermometer  should  be  read  at  least 
once  every  five  minutes  and  any  sudden  rise  in  temper- 
ature is  the  signal  to  shut  down  and  examine  the  bear- 
ing, as  it  is  probably  "cutting",  and  will  need  to  be 
scraped,  and  the  alignment  verified. 

OPERATION    AND    CARE 

After  the  machines  are  placed  in  regular  service, 
the  entire  equipment  should  be  kept  clean,  particularly 
the  insulation.  It  is  advisable  to  keep  all  machines 
painted  as  the  paint  will  not  only  be  a  benefit  to  the  ma- 
chines by  preventing  rust  and  also  making  them  easier 
to  clean,  but  it  will  be  an  incentive  to  the  operators  and 
attendants  to  keep  the  motor-room  and  apparatus  neat. 
This  in  itself  helps  to  reduce  maintenance.  In  addi- 
tion to  painting  the  iron  and  steel  parts  of  the  machines, 
the  exposed  parts  of  the  windings,  and  particularly  the 
creepage  surfaces  over  the  insulation,  should  be  gone 
over  at  least  once  a  year  with  a  good  insulating  varnish. 
Most  of  these  varnishes  will  air  dry  in  from  24  to  48 
hours  with  a  room  temperature  of  approximatel}'  80 
degrees  F.  If  a  shorter  time  is  necessary,  the  varnish 
can  be  dried  more  quickly  by  covering  the  machines 
with  a  tarpaulin,  leaving  an  opening  at  the  top  and  plac- 
ing resistance  grids  under  the  machine  to  dissipate  en- 
erg}'  as  previously  mentioned  in  this  article.  This 
treatment  will  cause  the  insulation  to  become  smooth 
and  glossy  so  that  dirt  will  not  adhere  readily. 

When  operating  the  machines,  the  bearing  water 
should  always  be  kept  running  on  such  bearings  as  are 
designed  for  water  cooling  and,  upon  starting  a  ma- 
chine, all  bearings  should  be  examined  to  see  that  the 
oil  rings  are  turning  and  feeding  the  bearings  with  an 
ample  supply  of  oil.  The  bearing  oil  should  be  ke])t 
clean  and  changed  or  filtered  once  a  year  or  upon  any 


evidence  of  dirt  or  grit.  The  question  of  the  best  grade 
of  oil  to  use  should  be  given  careful  study,  particularly 
where  oil  ring  lubrication  is  depended  upon.  It  is  some- 
times found  that  the  grade  of  oil  giving  the  best  results 
in  some  localities  or  seasons,  will  be  too  thick  or  too 
thin  for  the  best  results  in  other  places  or  times.  A 
little  study  and  experimenting  will  enable  a  supervisor 
to  determine  the  best  grade  of  oil  for  his  particular  con- 
ditions. 

Periodic  inspections  should  be  given  to  the  entire 
equipment,  say  every  week  or  two,  at  which  time  the 
machine  should  be  thoroughly  blown  out  with  a  mod- 
erate pressure  air  blast— about  25  or  30  pounds  per  sq. 
in.  is  the  most  satisfactory.  As  the  mill  line  is  usually 
high  pressure,  it  is  advisable  to  provide  a  reducing  valve 
and  water  trap  so  as  to  obviate  any  danger  to  the  insu- 
lation due  to  moisture  or  a  high-pressure  blast.  In  some 
cases  a  low  pressure  air  compressor  is  installed  for  this 
purpose.  Care  should  be  taken  to  prevent  dirt  from 
getting  into  the  bearings  during  this  cleaning. 

At  these  inspection  periods,  the  insulation  resist- 
ance should  be  measured  while  the  machines  are  still 
warm,  and  a  permanent  record  kept.  This  will  show 
whether  any  deterioration  of  insulation  is  taking  place, 
and  preventive  steps  can  be  taken  before  an  actual 
break-down  occurs.  During  this  inspection,  all  bolts 
and  connections  should  be  examined  to  see  that  they  are 
tight,  as  they  are  liable  to  become  loosened  by  the  con- 
tinual vibration  and  shocks  from  the  mill.  All  switch- 
ing and  auxiliary  apparatus  should  be  regularly  in- 
spected also,  as  only  by  this  means  can  satisfactory  and 
continuous  service  be  realized. 

If  at  any  time  the  machines  are  to  be  out  of  ser- 
\ice  for  a  while,  they  should  be  thoroughly  cleaned 
and  inspected  mechanically  and  electrically,  so  as  to  be 
ready  for  operation  on  short  notice.  Tarpaulins  should 
be  used  to  cover  the  machines  and  if  the  temperature 
of  the  motor  room  is  not  uniform  at  all  times,  external 
heat  should  be  used  to  keep  the  machines  at  a  temper- 
ature that  will  prevent  sweating.  \Miere  high  voltage 
alternating-current  machines  are  installed  in  localities 
having  high  humidity,  schemes  have  been  worked  out 
whereby  220  volts  alternating-current  can  be  applied  to 
the  motor  windings  by  simply  switching  the  motor  from 
its  power  line  to  the  shop  circuit.  This  can  be  done 
very  quickly  and  only  a  small  amount  of  power  is  re- 
quired, as  the  heat  is  applied  internally  and  it  is  only 
necessary  to  keep  the  temperature  a  few  degrees  above 
that  of  the  surrounding  atmosphere  to  prevent  precipi- 
tation. It  is  customary  to  instruct  the  operators  to  ap- 
ply this  low  voltage  when  the  mill  is  shut  down  over  the 
week-end  or  for  any  other  period  of  appreciable  dura- 
tion. 

In  conclusion  it  should  be  emphasized  that  electrical 
equipment  shows  no  external  signs  of  fatigue  or  fail- 
ure, and  hence  breakdowns,  with  resulting  interruption 
to  service,  are  much  less  liable  to  occur  when  the  ap- 
paratus is  systematically  and  regularly  inspected. 


C^oJDcdoa  aiul  AjVpllcatloii  of  llloctrk  Arc 

A.  M.  Candy 

General  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.   Company 

THAT  the  process  of  autogenous  welding  by  means  generally  unknown  art,  "enshrouding  themselves  in  a 
of  the  electric  arc  is  not  new,  is  evidenced  by  hallowed  glow  of  mysterious  camouflage,"  have  resulted 
the  fact  that  N.  V.  Rernardos  of  Petrograd  se-  in  no  little  confusion  of  unsophisticated  persons  who 
cured  a  patent  in  1887  for  the  now  generally  known  have  attempted  to  get  at  the  facts. 
"Carbon  Electrode  Process."  A  few  years  later, 
SlavianofT  introduced  a  process  for  casting  metal  into 
blow  holes  of  defective  castings  by  producing  an  arc 
between  an  electrode  consisting  of  a  metallic  rod,  and 
the  casting  to  be  repaired.  This  was  the  beginning  of  the 
metallic  electrode  process  which  has  come  into  such 
wide  use  within  recent  years.  That  even  greater  ad- 
vantage has  not  been  taken  of  the  arc  welding  process 
is  due  chiefly  to  the  haphazard  methods  of  applying  the 
process  and  lack  of  proper  supervision  and  inspection 
methods.*     This  condition  is  due  primaril}-  to  the  lack 


The  three  chief  requisites  for  electric  arc  welding 
are:  i — a  suitable  form  of  electrical  energ}-  and  control; 
2 — electrode  material  of  proper  characteristics,  and  j — 
an  experienced  and  trained  welder  or  ojjerative.  It  is 
hardly  correct  to  say 
that  any  one  of  these 
factors  is  the  most 
important.  How- 

ever, securing 
p  rope  r  electrical 
etiuipment   and    elec- 


FIG.    I — 60    VOLT,    500    .\M1'ERE.    M0T0R-GE.VER.\TOR    SET 

of  sufficient  scientific  knowledge  which  can  only  be  se- 
cured by  extensive  and  persistent  research  investiga- 
tions to  determine  the  proper  methods,  materials  and 
apparatus  which  must  be  used  to  secure  the  best  re- 
sults. 

During  the  last  two  or  three  years,  a  number  of 
manufacturing  companies  ha\e  been  conducting  scien- 
tific mvestigations  and  much  valuable  data  has  been 
published  which  will  result  in  more  extensive  applica- 
tions of  electric  arc  welding.  In  a  great  deal  of  such 
literature,  however,  much  stress  has  been  laid  upon  the 
supposedly  essential  merits  of  certain  welding  systems— 
automatic  systems  of  heat  control  of  the  arc— and  dis- 
cussion of  constant  current  systems  versus  constant 
potential  systems.  These  discussions  and  the  tendency 
of  most  welders  to  consider  themselves  pioneers  in  a 

^XT  ,j^,f\^''^'^'?/"''''*='^  "Inspection  of  Metallic  Electrode  Arc 
Welds  ,  by  O.  H.  Eschholz,  in  the  Raih,-ay  Electrical  Engineer, 
lor  lulv  1918,  p.  199. 
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FIG.   2 — C0.\IKIN.\TION'    GENERATOR    CON- 
TROL     AND      WELDING      PANEL      (lEFT), 
AND    WELDING    CIRCUIT    OUTLET 
PANEL     (right) 

trode  material, when  once  accomplished,  dismisses  the 
first  two  factors,  whereas  securing  suitable  men  to  be 
trained  often  resolves  into  an  appreciable  problem  and 
therefore  many  authorities  have  placed  the  importance 
of  the  third  factor  at  90  percent  of  the  total  problem. 
It  is  not  within  the  province  of  this  article,  however,  to 
attempt  discussing  any  but  the  electrical  equipment  and 
application  thereof. 

ALTERNATING-CURRENT  ARC  WELDING 

Under  proper  conditions,  alternating  current  may 
be  used  for  arc  welding  but  at  present  direct  current 
is  found  to  be  much  more  satisfactory.  The  difficulty 
of  maintaining  an  alternating-current  arc  is  so  great, 
when  a  resistor  only  is  used  in  series  with  the  arc  ob- 
taining power  from  a  no  volt,  60  cycle  circuit,  that  this 
scheme  may  be  considered  at  present  as  commercially 
impracticable,  especially  if  a  bare  electrode  is  used.     If 
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a  covered  or  slag  coated  electrode  is  used,  the  difficulty 
is  somewhat  decreased.  If,  ho\ve\er,  a  suitable  re- 
actance is  placed  in  series  with  the  arc,  then  the  opera- 
tion is  practically  on  a  par  with  the  direct-current  pro- 
cess. To  produce  this  condition,  it  is  necessary  to  have 
the  reactance  designed  so  that  the  power- factor  of  the 
Melding  circuit  is  at  least  as  low  as  25  percent.  If  the 
potential  of  the  available  supply  circuit  is  220  volts,  or 
higher,  a  transformer  must  be  used.  In  this  instance, 
it  is  not  necessary  to  use  a  separate  reactance,  as  the 
transformer  can  be  designed  for  the  service.  If  the 
design,  however,  is  such  that  the  resulting  power-factor 
is  50  to  60  percent,  then  the  difficulty  experienced  will 
be  almost  as  great  as  attempting  to  weld  with  a  resist- 
ance only  in  the  circuit  when  using  a  bare  electrode. 
It  is  reasonably  safe  to  predict,  therefore,  that  until 
some  commercially  satisfactory  static  apparatus  for 
power-factor  correction  is  developed,  or  until  a  com- 
paratively new  and  entirely  satisfactory  electrode  of  the 
coated,  cored  or  alloy  type  is  developed,  the  application 
of  alternating-current  arc  welding  will  probably  be  con- 
fined to  a  verv  limited  field. 
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KIG.    3 — CHARACTERISTICS    OF    ARC    WELDING    CIRCUIT 

With  metal  electrode  having  resistance  only  in  series  with 
the  arc.  Power  supplied  by  500-ampere  constant-potential  gen- 
erator. 

DIRECT-CURRENT    ARC    WELDING 

When  using  direct  current,  the  potential  across  the 
arc  will  be  between  40  and  60  volts  if  a  carbon  electrode 
is  used ;  whereas,  the  arc  potential  should  be  about  22 
to  18  volts  (preferably  the  latter)  when  a  metallic  elec- 
trode is  used.  It  is  obvious,  therefore,  if  the  available 
source  of  power  is  a  commercial  direct-current  circuit 
of  220  volts  or  higher,  that  some  form  of  apparatus  is 
required  so  that  the  arc  will  be  operated  at  the  proper 
voltage  and  with  satisfactory  stability.  For  such  ser- 
vice, a  simple  resistance  with  suitable  controlling  de- 
vice may  be  used,  but  this  is  objectionable  for  several 
reasons.  First,  an  unnecessarily  large  amount  of  power 
is  wasted  in  the  resistance.  Second,  the  high  voltage 
available  will  permit  a  careless  operator  to  draw  an 
extremely  long  arc  with  the  metallic  electrode,  resulting 
in  poor  welds.  Third,  the  resistance  required  for  each 
welding  circuit  is  unnecessarily  large,  requiring  in- 
creased floor  space,  and  is  heavy  and  expensive.  For 
these  reasons,  therefore,  from  commercial  and  engi- 
neering standpoints,  it  is  better  practice  to  install  rotat- 
ing electrical  equipment  for  transforming  from  the  high 


potential  to  that  required  for  arc  welding  service.  For 
this  service,  the  rotating  equipment  is  a  motor-generator 
set,  as  illustrated  by  Fig.  i.  In  some  instances,  rotary 
converters  have  been  used,  but  the  use  of  these  will 
probably  be  quite  limited,  as  there  are  a  number  of  ob- 
jections. First,  in  practically  every  instance,  a  special 
set  of  transfonners  is  required.  Second,  the  direct- 
current  voltage  is  usually  almost  a  direct  function  of  the 
alternating-current  voltage.  Third,  a  converter  is  not 
as  simple  to  start  as  the  ordinary  induction  motor-gen- 
erator set.  Fourth,  the  cost  of  a  rotary  converter  and 
transformers  will  usually  be  practically  ec|ual  to  or 
greater  than  a  comparable  induction  motor-generator 
set.  Fifth,  the  overall  efficiency  of  the  converter  and 
transformers  will  be  little  better  than  the  motor-gener- 
ator. Sixth,  the  total  floor  space  required  by  the  ro- 
tary converter  and  transformers  will  be  equal  to  or 
greater  than  that  required  by  the  motor  generator. 

Two  welding  control  panels  are  illustrated  in  Fig. 
2  the  one  at  the  left  being  a  combination  for  the  control 
of  a  generator,  one  welding  circuit  and  an  additional 
feeder  switch  for  supplying  power  to  a  welding  circuit 
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FIG.    4 — CHARACTERISTICS    OF   ARC    WELDING    CIRCUIT 

With  resistance  and  reactance  in  series  with  the  arc. 

panel  removed  from  the  combination  panel.  Such  a 
welding  circuit  (outlet)  panel  is  illustrated  by  the  right 
hand  panel  in  the  cut.  The  single-pole  switches  are 
connected  to  the  stabilizing  resistance  so  that  various 
current  values  can  be  obtained  for  welding  by  throw- 
ing the  switches  in  the  proper  combinations. 

ELECTRIC    ARC    PHENOMENA 

Any  electric  arc  is  inherently  unstable.  To  clarify 
this  statement,  assume  that  a  current  of  certain  value 
is  caused  to  flow  between  two  electrodes  separated  in 
atmosphere  a  fixed  distance.  Under  these  conditions, 
a  certain  difference  of  potential  will  exist  between  the 
electrodes,  which  is  usually  spoken  of  as  the  arc  volt- 
age. Now,  as  the  current  through  the  arc  is  increased, 
the  resistance  of  the  arc  and  the  voltage  drop 
across  the  arc  will  actually  decrease.  The  voltage 
does  not  decrease  as  rapidly  as  the  current  increases 
and,  therefore,  increased  current  is  accompanied  by  in- 
creased wattage  in  the  arc.  It  is  obvious,  therefore, 
that  if  an  arc  is  to  be  operated  by  power  from  a  con- 
stant potential  circuit,  it  is  necessary  to  have  a  resist- 
ance in  series  to  limit  the  flow  of  current ;  this  is  known 
as  stabilizing  the  arc.     On  the  other  hand,  if  the  arc  is 
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to  be  supplied  with  power  directly  from  a  generator, 
then  the  generator  must  be  designed  to  have  a  drooping 
voltage  characteristic  suitable  for  the  service. 

It  has  been  determined  that  an  arc  drawn  between 
a  carbon  and  metal  electrode  will  be  satisfactorily  stable, 
when  the  voltage  drop  across  the  stabilizing  (ballast) 
resistance  in  series  with  the  arc  is  50  percent  or  more 
of  the  arc  voltage.  An  arc  drawn  between  two  metal 
electrodes  is  somewhat  less  stable ;  furthermore,  when 
using  the  metallic  electrode  for  welding,  conditions  pre- 
vent the  operator  from  maintaining  a  fixed  arc  length  ; 
therefore,  if  the  resistance  drop  is  about  twice  the  arc 
voltage,  the  results  obtained  are  much  more  satisfac- 
torv.  Fortunately,  carbon  electrode  welding  is  entirely 
satisfactory  when  the  arc  is  operated  at  35  to  50  volts 
and  metallic  electrode  welding  is  most  satisfactory 
when  the  arc  is  operated  at  22  to  18  volts,  preferably 
the  latter.  Therefore,  a  constant  potential  generator 
developing  75  to  60  volts,  represents  the  most  balanced 
design  relative  to  economical  and  satisfactory  service. 
In  fact,  60  volts  has  proven  entirely  satisfactory  and 
reduces  the  cost  of  the  electrical  equipment  and  also  the 


last  resistance,  a  small  reactance  is  connected  in  series 
with  the  arc,  the  current  will  be  maintained  even  more 
constant,  as  illustrated  by  Fig.  4.  The  chief  advantage 
of  the  reactance,  however,  lies  in  its  ability  to  limit  the 
short-circuited  arc  current  when  striking  the  arc.     Fig. 

3  indicates  an  average  welding  current  of  approximately 
160  amperes,  whereas  the  short-circuited  arc  current  is 
about  215  amperes  or  about  35  percent  higher.     Fig. 

4  indicates  that  the  reactance  actually  kept  the  short- 
circuit  current  from  exceeding  the  average  welding  cur- 
rent. The  reactance  which  was  used  for  the  test  is 
undoubtedly  larger  than  is  necessary  for  commercial 
welding  circuits.  The  chief  advantage  gained  by  re- 
ducing the  short-circuit  current  is  that  the  tendency  for 
the  electrode  to  stick  (freeze)  to  the  work  is  materially 
reduced,  thereby  enabling  the  operator  to  strike  the  arc 
with  a  cold  metallic  electrode  much  more  easily.  For 
this  reason,  the  use  of  a  small  reactance  is  recommended 
for  each  welding  circuit,  especially  for  inexperienced 
operatives  or  when  new  men  are  to  be  trained  for  arc 
welding  service,  even  when  power  is  obtained  from  a 
constant  potential  system. 
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FIG.    5— CHARACTERISTICS    OF   ARC    WELDING    CIRCUIT 

With   reactance  only  in   series  with  the  arc.     Power  sup- 
plied by  means  of  a  150  ampere  constant  current  generator. 

cost  of  power.  Generators  of  the  constant  potential 
type  developing  voltages  as  low  as  35  have  been  tried 
out  in  service  but  have  not  proven  as  satisfactory  as 
higher  voltage  machines.  This  is  due  to  the  increased 
difficulty  of  maintaining  a  fixed  arc  length,  especiallv 
when  using  a  metallic  electrode.  As  a  result,  the  oper- 
ative is  troubled  by  continually  losing  his  arc,  which 
reduces  production. 

CONSTANT  CURRENT  VS.   CONSTANT  POTENTIAL 
GENERATORS 

For  arc  welding  service,  it  is  eminently  desirable 
to  have  the  proper  current  for  the  welding  circuit  main- 
tained at  a  reasonably  constant  value,  because  the  rate 
of  fusion  is  a  function  of  the  current  and  is  practicaliv 
mdependent  of  the  arc  voltage.  Insofar  as  results  at 
the  arc  are  concerned,  it  is  absolutelv  immaterial 
whether  the  source  of  power  is  a  constant  potential  or 
a  constant  current  generator.  In  the  case  of  the  con- 
stant potential  equipment,  the  arc  current  is  maintained 
reasonably  constant  by  the  resistance  in  series  with  the 
arc,  as  illustrated  by  Fig.  3.     If,  in  addition  to  the  bal- 


FIG.    6 — CH.\RACIF.RISTICS    OF    ARC    WELDI.VG    CIRCUIT 

With  a  reactance  about  20  times  that  of  Fig.  5  in  series 
with  the  arc  and  using  a  different  make  of  constant-current 
generator. 

Constant-current  generators  have  been  developed 
in  two  classes ;  one  where  an  individual  generator  or 
motor-generator  set  and  control  equipment  is  supplied 
for  each  welder;  the  other  where  the  generator  or 
motor-generator  supplies  current  for  two  or  more  weld- 
ing circuits  all  of  which  are  in  series.  The  constant 
current  generators  of  the  individual  type  as  developed 
at  the  present  time  require  the  use  of  a  comparatively 
large  reactance  in  series  with  the  arc  before  the  result- 
ing current  characteristic  is  even  as  good  as  that  of  the 
constant  potential  circuit.  This  is  illustrated  by  com- 
paring Figs.  5  and  6,  which  show  arc  current  character- 
istics of  two  different  constant  current  generators,  with 
Fig.  3.  The  first  generator  had  a  reactance  of  0.55 
ohms  in  series  with  the  arc.  The  current  varies  some- 
what during  operation,  having  an  average  value  of 
about  175  amperes.  The  initial  current  when  the  arc 
was  struck,  reached  a  maximum  value  of  about  325  am- 
peres, or  an  increase  of  about  85  percent  above  the 
average.  This  reactance  is  the  same  as  that  used  in  the 
constant  potential  circuit,  the  characteristics  of  which 
are  illustrated  by  Fig.  4.     The  inherent  characteristics 
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FIG.      7 — CARBON     ELECTRODE 

HOLDER   IN    FOREGROUND,    HOOD 

AT   LEFT,    AND    SHIELD   AT    RIGHT 


of  the  second  generator  are  so  much  poorer  than  the 
first  that  it  was  necessary  to  use  a  reactance  approxi- 
mately twenty  times  greater  to  produce  the  arc  current 
curve  illustrated  by  Fig.  6.     In  this  case  the  average 

welding  current  is  about 
i6o  amperes  and  is  sub- 
ject to  large  and  violent 
fluctuations.  The  current 
at  the  instant  of  striking 
the  arc  reached  a  maxi- 
mum value  of  about  260 
amperes  or  an  increase  of 
75  percent  above  the  aver- 
age. 
The  series  arc  type  of  constant-current  generators 
requires  the  use  of  a  somewhat  complicated  form  of 
control  for  each  operator's  circuit.  This  is  necessary 
because  the  various  welding  circuits  are  connected  in 
series,  the  function  of  the  control  being  to  prevent  in- 
terference of  the  various  arcs  when  the  operators  start 
and  stop  welding.  In  order  to  maintain  the  proper  arc 
polarity,  it  is  essential  that  the  work  on  which  each  op- 
erator is  welding,  be  electrically  insulated  from  the 
work  of  all  other  welders,  operating  from  th.e  same 
circuit.  For  this  reason,  therefore,  the  field  of  applica- 
tion is  somewhat  limited. 

PROTECTIVE  EQUIPMENT  AND  ACCESSORIES 

The  electric  arc  is  very  prolific  in  the  radiation  of 
ultra-violet  light,  which  will  produce  a  severe  case  of 
sunburn  if  any  uncovered  portion  of  the  human  body  is 
within  a  few  feet  of  the  arc  for  a  period  of  ten  to 
fifteen  minutes.  For  this  reason,  it  is  necessary  for  the 
operator  to  wear  heavy  closely  woven  clothing,  com- 
pletely covering  the  body,  arms,  and  limbs.  For  the 
protection  of  the  hands  and  wrists,  leather  gaunlet 
gloves  or  a  double  pair  of  cotton  gloves  are  used.  For 
the  protection  of  the  head,  neck  and  face,  a  hood  is  de- 
sirable, as  illustrated  at  the  left  in  Fig.  7.  The  hood 
should  preferably  be  made  of  non-conducting  material, 

because  it  is 
necessary  many 
times  for  the 
operator  to  weld 
in  very  close 
quarters.  Un- 
der this  condi- 
tion, if  the  hood 
is  of  metal,  such 
a  s  aluminum, 
the      operator 

Fir,.  8-WELDER's  EQUIPMENT  '"=>>'    ^e    bumed 

Mask  in  center,  metallic  electrode  holder  by  molten  metal 

at    left,    and    carbon    electrode    holder    at  if     by     accident 

"®    ■  his    electrode  or 

electrode  holder  strikes  the  hood  when  some 
portion  of  the  hood  is  in  contact  with  some  part  of  the 
work  being  welded.  The  hood  illustrated  is  designed 
to  rest  on  the  shoulders  and  against  the  back  of  the  op- 
erator's head.     A  different  protective  device  is  a  mask. 


Fig.  8  which  is  similar  to  the  front  vertical  half  of  a 
hood,  and  is  held  in  place  on  the  operator's  head  by  a 
suitable  head  gear.  Still  another  form  is  that  of  a 
shield  illustrated  at  the  right  of  Fig.  7  which  is  provided 
with  a  handle  and  is  held  in  the  free  hand  of  the  op- 
erator. Each  of  these  devices  must  be  provided  with 
some  transparent  material  such  as  mica  or  glass  so  the 
operator  may  observe  his  work.  The  glass  must  per- 
form the  following  functions: 

I — Filter  out  practically  all  nltra-violet  and  most  of  the 
infra-red  radiations  from  the  arc. 

2— Reduce  the  intensity  of  the  visiule  spectrum  or  light  to 
a  value  which  will  not  result  in  glare. 

3 — Transmit  to  the  eye  a  light  predominated  by  the  amber 
shade  which  will  reduce  eye  fatigue. 

4— The  surface  of  the  glass  must  be  sufficiently  true  and 
have  satisfactory  optical  qualities  to  produce  good  definition, 
so  the  operator  can  readily  see  the  work  without  experiencing 
eye  strain. 

Probably  the  best  all  around  protective  device  for 

the  head  is  the  hood,  as  it  protects  the  face,  back  of 

head,  and  front  and  back  of  the  neck.     The  protection 

of  the  back  of  the  neck  is  important  when  the  operator 
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FIG.    9 — TYPICAL    SCARFS    FOR    PLATES    GREATER    THAN    ONE-EIGHTH 
INCH   IN  THICKNESS 

/4— Double  beveled  butt  weld;  B — Double  Vee  butt  weld; 
C — Single  beveled  butt  weld;  D — Double  beveled  corner  weld; 
E — Double  beveled  pressure  tank  w  eld  ;  F — Double  beveled  butt- 
strap  weld ;  G— Double  fillet  Tee  weld ;  H— Single  beveled  Tee 
weld ;  and  / — Single  Vee  Tee  weld. 

is  working  in  restricted  quarters,  especially  if  the  sur- 
rounding surfaces  are  of  a  medium  or  good  reflecting 
type.  For  example,  some  booths  provided  for  welding 
small  articles,  such  as  tools,  make  it  imperative  for  the 
operator  to  use  the  hood. 

In  view  of  the  above  statement,  it  is  obvious  that 
a  suitable  enclosure  should  be  provided  for  each  weld- 
ing station,  if  the  work  is  to  be  pe'-formed  in  the  vicinity 
of  other  workmen,  as  is  the  case  in  a  machine  shop. 

To  enable  the  operator  to  use  the  electrode  ma- 
terial, it  is  necessary  to  provide  him  with  electrode 
holders,  two  types  of  which  are  shown  in  Figs.  7  and  8. 
The  carbon  or  graphite  electrode  holder  is  provided 
with  a  simple  effective  clamp  which  grips  the  electrode. 
The  handle  is  provided  with  a  disk  to  protect  the  hand 
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against  the  heat  from  the  arc,  and  must  be  designed  so 
that  the  heat  of  the  cable  will  not  make  the  hand  grip 
too  hot.  The  metallic  electrode  holder  is  somewhat 
smaller  than  the  carbon  holder  because  smaller  currents 
are  employed.  The  electrode  clamping  device  must  be 
simple  and  rugged,  must  hold  the  electrode  securely  and 
also  permit  replacement  readily  as  in  operation  a  new 
electrode  is  required  about  every  one  and  one-half  to 
two  minutes.  The  electrode  gripping  surfaces  must  be 
protected  against  pitting  by  flying  metallic  particles 
an<l  the  design  of  these  parts  must  permit  the  wasting 
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FIG.    10 — CHARACTERISTICS   OF  ARC   WELDING   CIRCUIT 

Using  a  hot-rolled  steel  electrode.  > 

of  a  minimum  amount  of  the  electrode.  Like  the  car- 
bon holder,  the  metallic  electrode  holder  handle  must 
be  designed  so  that  it  does  not  become  uncomfortably 
herted  bv  the  conducting  cable  attached  to  the  holder. 
The  heat  in  the  conducting  cables  is  produced  not  only 
by  the  current  flowing,  but  also  by  heat  conducted  back 
from  the  hot  electrode.  This  is  particularly  true  of  the 
carbon  holder,  as  the  carbon  will  become  heated  to  a 
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WELDING  PRINCIPLES 

To  produce  satisfactory  electric  arc  welds  regard- 
less of  the  metal  welded,  there  are  six  fundamental 
principles  which  must  be  observed  carefully: — 

I — Proper  preparation  of  material  to  be  welded. 

2 — Selection  of  electrode  material  of  proper  physical, 
chemical  and  electrical  characteristics. 

3 — Use  of  proper  current  value. 

4 — Maintenance  of  proper  arc  length. 

5 — Proper  sequence  of  preliminary  tacking  and  final  filling 
or  welding. 

6 — Proper  heat  treatment  subsequent  to  welding. 


FIG.    II — RELATION   OF  APPROXIMATE  ARC  CURRENTS   AND   ELECTRODE 
DIAMETERS 

For  welding  steel  plate  of  various  thicknesses.  To  find 
the  diameter  of  the  metallic  electrode  required,  select,  for 
example,  a  three-eighths  inch  plate  and  follow  horizontally  to 
the  Thickness  of  Plate  curve.  The  vertical  line  through  this 
intersection  represents  about  iio  amperes  as  the  most  suitable 
current  to  be  used  with  this  size  of  plate.  Then  follow  this 
vertical  line  to  its  intersection  with  the  Diameter  of  Electrode 
curve  which  locates  a  horizontal  line  representing  approxi- 
mately five  thirty-seconds  inch  diameter  electrode.  In  a  similar 
manner  a  one-halt  inch  plate  requires  about  125  amperes  and 
a  five  thirty-second  inch  electrode. 

white  incandescent  value  in  welding  and  especially  in 
cutting  service.  Both  of  the  holders  must  be  designed 
so  that  with  the  conducting  cable  attached,  the  balance 
in  the  hand  of  the  operator  will  be  satisfactory,  so  as  to 
reduce  wrist  strain  to  a  minimum  . 


FIG.    12 — WELDING   ARCS 

(a)  Long  arc  of  175  amperes  showing  deflection  of  arc 
stream  to  left  and  oxide  flame  being  blown  to  right,  thereby 
exposing  the  new  metal,  (b)  Short  arc  of  175  amperes  show- 
ing concentration  of  gases  completely  enveloping  the  newly 
deposited  metal.  By  reason  of  the  intensely  actinic  light  from 
the  arcs,  the  electrodes  and  the  plate  did  not  show  in  the  photo- 
graph, and  their  position  was  sketched  in  on  the  print. 

PREPARATION  OF  WORK  FOR  WELDING 

It  is  always  necessary  to  prepare  the  surfaces  of 
the  material  to  be  welded,  so  that  they  are  readily  ac- 
cessible to  the  new  material  to  be  deposited.     If   the 
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FIG.    13 — RATE   OF   CUTTING    CAST    IRON    OF    CIRCULAR    CROSS-SECTION 

With  a  one  inch  diameter  carbon  electrode  at  625-650  average 
amperes  and  45-65  arc  volts. 


edges  of  two  plates  are  to  be  welded  together  with  the 
plates  in  a  common  plane,  then  the  edges  should  be 
beveled  to  an  angle  of  45  degrees,  making  a  total  of  90 
degrees  in  which  to  deposit  the  new  metal  as  illus- 
trated by  A,  Fig.  9.*  If  the  pieces  can  be  turned  for 
welding  from  both  sides,  then  both  edges  of  each  plate 
may  be  beveled  and  only  one  half  as  much  new  metal 
will  be  required  to  fill  the  angles.     The  apex  of  the 


*The  importance  of  the  angle  is  shown  by  Figs.  4  and  5 
of  an  article  by  O.  H.  Eschholz  in  the  Journal  for  July  1918, 
p.  248. 
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beveled  edges  should  not  be  closer  than  one  eighth  inch 
to  insure  a  good  weld.  When  cracks  in  castings,  etc., 
are  to  be  repaired,  the  material  should  be  beveled  along 
the  cracks  in  a  similar  manner.  In  every  instance,  all 
heavy  oxide  scale,  rust,  dirt,  grease,  sand  or  any  other 
foreign  material  should  be  thoroughly  removed   from 
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FIG.    14 — RATE  OF   CUTTING  C.\ST  IRON    PLATES 

With  a  one  inch  diameter  carbon  electrode  at  625-650 
average  amperes,  45-65  arc  volts.  The  length  is  greater  than 
the  depth  of  the  cut  which  is  made  progressively  in  one  direc- 
tion. 

the  immediate  vicinity  of  the  surfaces  to  be  welded.  In 
some  cases,  after  completing  the  mechanical  prepar- 
ation, it  is  advisable  to  preheat  the  material  to  assist  the 
welding  operation. 

SELECTION    OF   ELECTRODES 

The  use  of  metallic  electrodes  for  arc  welding  has 
proven  more  satisfactory  than  the  use  of  carbon  or 
graphite  electrodes  which  necessitates  feeding  the  new 
metal  into  the  arc  by  means  of  a  rod  or  wire  which  is 
melted.  The  chief  reason  for  this  is  that  when  the 
metallic  electrode  process  is  used,  the  end  of  the  elec- 
trode is  melted,  the  molten  metal  being  carried  through 
the  arc  and  deposited  at  the  other  end  of  the  arc  on 
the  material  being  welded  at  which  point  the  material  is 
in   a   molten    state   produced   by   the   heat   of   the   arc. 
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FIG.    15 — R.\TE    or    CUTTING    CAST    IRON    SQUARE    BLOCKS 

With  a  one  inch  diameter  carbon  electrode  at  625-650  average 
amperes ;  45-65  arc  volts. 

thereby  producing  a  perfect  union  or  fusion  with  the 
new  deposited  metal.  In  the  hands  of  an  experienced 
and  careful  welder,  good  results  can  be  obtained  with 
the  carbon  electrode  process.  However,  if  the  operator 
is  inexperienced  or  careless,  he  is  liable  to  fail  to  pro- 
duce good   fusion  continuously  due  to   feeding  in  the 


new  metal  too  rapidly.  As  a  result,  the  new  metal  will 
flow  over  portions  of  the  work  which  have  not  been 
brought  to  the  molten  or  fusing  state.  Probably  the 
chief  field  of  usefulness  for  the  carbon  electrode  is 
that  of  cutting  or  for  rapid  repair  welding  where 
strength  of  weld  is  not  as  important  as  the  speed  of 
doing  the  work. 

For  metallic  electrode  welding  of  mild  steel  plates, 
an  electrode  containing  about  0.17  percent  carbon  and 
0.5  percent  manganese,  has  been  found  most  satisfac- 
tory. The  percentage  of  phosphorous,  sulphur  and 
silicon  should  be  as  small  as  possible,  not  exceeding 
0.03  to  0.035  percent  for  the  first  two,  and  not  over 
o.oi  to  0.015  percent  for  the  last.  This  same  material 
is  also  satisfactory  for  welding  steel  castings,  and  cast 
iron  castings,  including  the  malleable  variety.  When 
subsequent  machining  is  to  be  done  on  cast  iron  cast- 


FIG.    16 — SEQUENCE   OF    WELDING   A    PIECE   OF    HIGH-SPEED    STEEL   TO 
A   CARBON   TOOL   STEEL   SH.ANK 

a — Steel  shank  forged  to  shape  and  piece  of  scrap  high- 
speed steel  cut  to  shape;  h — High-speed  steel  tacked  to  shank; 
c — Weld  completed  ;  d — Finished  too!  ground  and  tempered. 

ings,  better  results  can  be  obtained  by  using  a  copper- 
aluminum  alloy  electrode  and  a  suitable  flu.x.  Some 
operatives  have  found  that  excellent  results  can  be  ob- 
tained by  depositing  a  comparati\-el}'  thin  layer  of  the 
alloy  over  all  the  prepared  surfaces,  after  which  the 
main  body  of  the  weld  is  made  with  the  steel  electrode 
mentioned  above. 

That  the  proper  chemical  constitution  of  the  elec- 
trode material  does  not  necessarily  determine  its  suita- 
bility for  welding,  is  illustrated  by  Fig.  10.  The  only 
difference  between  these  conditions  and  those  for  Fig. 
4  is  that  a  hot  rolled  steel  electrode  was  used,  having  an 
analj-sis  of  about  0.15  percent  carbon,  0.5  percent  man- 
ganese, 0.012  percent  phosphorous,  0.045  percent  sul- 
phur and  0.01 1  percent  silicon.  This  electrode  for  some 
reason  had  a  tendency  to  pass  through  the  arc  in  large 
globules  which  partially  short-circuited  the  arc,  result- 


THE    ELECTRIC    JOURNAL 


343 


ing  in  tlie  current  peaks  illuslraled,  in  spite  of  the  re- 
actance in  the  circuit.  This  illustrates  the  fact  that  the 
constancy  of  the  arc  current  is  not  entirely  dependent 
upon  the  characteristics  of  the  electrical  apparatus.  A 
study  to  determine  the  most  desirable  characteristics 
for  electrode  materials  is  now  being  carried  on  by 
several  leading  manufacturers,  therefore  marked  de- 
velopments along  this  line  may  be  expected  in  the  fu- 
ture. 

WHAT   CURRENT    SHALL    BE    USED? 

The  diameter  of  the  metallic  electrode  required  is 
determined  by  the  current,  which  is  dependent  upon 
the  thickness  of  the  plate  to  be  welded  when  the  thick- 
ness is  three  fourth  inch  or  less.     Average  values  for 


FIG.  17 — rep.mri.m;  a  railway  motor  casting  dv  arc  welding 
_  Showing  how  sand  holes  were  found  in  the  casting  when 
heing  drilled  (top)  and  how  the  metal  was  cut  away  with  a 
carbon  electrode  before  inserting  the  steel  block  shown  at  the 
lower  right  side  (middle)   and  the  repair  completed   (bottom). 

welding  of  mild  steel  plates  are  indicated  in  Fig.  11. 
These  values  of  current  for  plate  thickness  are  only 
approximate,  however,  as  the  temperature  of  the  plate 
will  materially  influence  the  volume  of  current  which 
can  be  used.  For  example  when  making  a  lap  weld 
between  two  overlapping  one-half  inch  steel  plates  at 
ordinary  air  temperature  of  about  65  degrees  F.  it  has 
been  found  that  the  best  results  were  obtained  by  us- 
mg  a  current  of  about  225  amperes  and  a  three  six- 
teenth  inch   diameter  electrode.     The  explanation   for 


the   high    current    permissible   is   the    tremendous    i  eat 
storage  and  dissipation  capacity  of  the  lapped  plius.* 

SHORT  ARC  IS  ESSENTIAL 

The  maintenance  of  the  proper  arc  length  for  the 
metallic  electrode  process  is  very  important.  The  arc 
should  be  just  as  short  as  it  is  possible  for  a  good  welder 
to  maintain  it.  Under  normally  good  conditions,  the  arc 
length  should  be  such  that  the  voltage  drop  never  ex- 
ceeds 25  volts  and  for  best  results,  the  potential  should 
be  between  18  to  22  volts.  For  a  175  ampere  arc,  the 
actual  gap  will  be  about  one  eighth  inch.  If  the  arc  is 
maintained  long  as  indicated  by  Fig.  12  (a),  the  natural 
air  drafts  will  cause  it  to  move  around  an  extended  sur- 
face of  the  work,  preventing  good  fusion,  and  causing 
a  thin  deposit  of  new  metal.*  This  also  permits  at- 
mospheric oxygen  to  come  in  contact  with  the  molten 
deposit,  resulting  in  burning  and  porosity  of  the  sur- 
face.** If,  however,  the  arc  is  maintained  short  as 
indicated  by  12  (b)  much  better  fusion  is  obtained,  the 
deposited  metal  will  "bite  into"  the  work,  and  the  new 

metal  will  be  confined 
lo  a  smaller  area.| 
Furthermore,  the  sur- 
face of  the  deposited 
metal  will  be  better 
protected  by  the  en- 
velope of  inert  gases 
which  surrounds  the 
arc  stream,  thereby  re- 
ducing the  burning  and 
porosity  of  the  new 
metal's  surface.^ 

P'  I  e  c  t  r  i  c  a  I  Iv'- 
operated  switching  de- 
vices have  been  de- 
veloped, which  prevent 
the  welder  from  draw- 
ing a  long  arc  by  auto- 
when  it  has  reached 
devices     perform     their 


FIG.     iS — SINK    HEAD 

To   be   cut   from   castings   with 
the  carbon  electrode  process. 


matically     "killing"     the     arc 
a     certain     length.       These 

function  satisfactorily,  but  are  subject  to  several  criti- 
cisms. First,  they  entail  a  needless  expense  both  of 
first  cost  and  maintenance,  because  a  man  who  will 
ultimately  make  a  good  welder  can  be  made  to  see  the 
desirability  of  maintaining  a  short  arc  and  will,  there- 
fore, do  so  automatically  within  reasonable  limits.  Sec- 
ond, not  even  the  most  skilled  welder  can  maintain  a 
continuous  arc  never  exceeding  25  volts.  In  fact,  mo- 
mentary variations  of  arc  length  due  to  involuntary  re- 
flexes of  the  operator's  arm  muscles,  mav  occur  ouite 
frequentl}-,  hut  will  not  be  of  sufficient  duration  to  re- 


*The  importance  of  proper  current  value  in  determining 
the  strength  of  a  weld,  is  indicated  bv  Figs.  7  and  8,  p  •'48  'n 
the  Journal  for  July,  1918. 

*As  indicated  by  Fig.  2,  in  the  Journal  for  July  iniS  p 
247. 

**As  illustrated  at  right  side  of  Fig.  3,  in  the  Journal  for 
July  1918,  p.  247. 

tAs  indicated  by  Fig.  i,  in  the  Journal  for  Tuly  1918  p 
247- 

tAs  indicated  by  the  left  hand  side  of  Fig.  3,  in  the 
Journal  for  July  igi8,  p.  247. 
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suit  in  appreciable  damage  to  the  weld.  If,  therefore, 
a  switch  is  provided  to  kill  the  arc  automatically  when 
the  voltage  drop  reaches  25  to  30  volts,  the  operator  will 
be  troubled  by  having  to  restrike  his  arc  quite  fre- 
quently, which  will  decrease  his  production. 

FILLING  SEQUENCE 

When   making   a    long    seam    weld   between    two 
plates,  the  operator  is  always  confronted  by  the  prob- 


\rrT>. 


J 

FIG.    19 — STEEL   SUPPORT    FOR    AXLE    BRACKET    WELDED    IN    PLACE 

This  support  was  omitted  from  the  pattern  and  was  welded 
in  position  and  has  withstood  more  than  three  years  of  service. 

lems  of  e.xpansion  and  contraction,  causing  warpage  of 
the  plates  and  the  production  of  large  internal  strains, 
both  in  the  plates  and  deposited  material.  To  mini- 
mize these  difficulties  most  satisfactorily,  some  oper- 
ators have  found  by  practical  experience,  that  the  best 
method  to  pursue  is  as  follows: — After  properly  pre- 
paring the  edges  of  the  plate,  light  tack  welds  are  made 
about  eight  inches  apart  along  the  entire  seam.  The 
operator  then  makes  a  complete  weld  between  the  first 
two  tacks  and  then  skips  three  spaces  and  welds  be- 
tween the  fifth  and  sixth  tacks  and  so  on  until  end  of 
seam  is  reached.  This  skipping  process  is  again  re- 
peated by  starting  between  second  and  third  tacks  and 
so  on  until  the  complete  seam  is  welded.  The  object  is 
to  permit  the  heat  in  a  restricted  area  to  be  dissipated 
and  radiated  before  additional  welding  is  performed 
near  that  area,  therefore,  the  weld  is  made  on  reason- 


HEAT   TREATMENT   OF    WELDS 

The  tiuestion  of  subsequent  heat  treatment  of 
welded  materials  is  a  very  broad  one  and  represents  a 
field  offering  opportunities  for  a  vast  amount  of  re- 
search and  investigation  by  metallurgists.  In  general, 
however,   ordinary    commercial    welding  of   mild   steel 


FIG.    20 — nUILDING    UP    BY    ARC    WELDING,    THE    COUPLING   END    OF   A 
STEEL   MILL   PINION 

Worn  parts  are  shown  by  the  white  lines, 
plates  and  steel  castings,  if  properly  executed,  will  not 
require  subsequent  heat  treatment.  When  cast  iron 
castings  are  to  be  welded,  it  is  often  desirable  to  pre- 
heat the  parts  before  welding  and  thoroughl\-  anneal 
the  work  after  welding,  to  relieve  internal  strains  and 
minimize  hard  spots  in  the  weld. 

GAS  vs.  ELECTRIC  ARC 

The  oxyacetylene  flame  is  not  as  intrinsicly  hot 
and  the  heat  is  not  nearly  so  concentrated  as  that  of 
the  electric  arc.  For  this  reason,  the  chief  welding 
field  for  gas  at  present  is  that  of  thin  sheet  metal  of 
less  than  one  sixteenth  inch  in  thickness.  Since  the 
gas  flame  is  not  as  hot  and  concentrated  as  the  electric 
arc,  the  time  required  to  perform  a  weld  is  in  the  ratio. 


nv-^'^'i. 
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FIG.    21 — STEEL    MILL    DRIVING    SPINDLES 

Built  up  at  worn  positions  shown  hy  white  lines. 


ably  cool  sections  of  the  plates,  which  keeps  the  ex- 
pansion at  a  minimum.  This  is  one  example  of  numer- 
ous shop  kinks,  which  are  evolved  by  alert,  aggressive 
welders,  and  is  known  as  the  "rigid  method"  of  weld- 
ing plates. 


of  2  or  3  to  I.  This  condition  together  with  spreading- 
of  flame,  results  in  much  trouble  due  to  expansion  and 
contraction  of  mild  steel  plates.  The  actual  difference 
in  cost  of  gas  and  arc  welding  has  been  found  by  some 
investigators  to  be  as  high  as  3:1  in  favor  of  the  arc,. 
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taking  all  charges  into  account.  The  gas  process  is 
also  subject  to  the  criticism  of  the  carbon  electrode  pro- 
cess, namely,  that  it  is  possible  for  a  careless  or  mex- 
perienced  welder  to  melt  the  filling  material  too  rapidly, 
thereby  causing  it  to  flow  over  unfused  surfaces  of  the 
work,  which  produces  a  weak  weld. 


Machine  shops  can  use  arc  welding  for  reducing 
cost  of  tools  for  machining  operations,  by  welding  small 
sections  of  high-speed  steel  (obtained  from  scrap)  to 
shanks  of  carbon  tool  steel,  as  illustrated  by  Fig.  i6. 
Errors  in  machining  can  be  rectified  by  depositing  new 
metal  and  re-machining.  Castings  which  reveal  defects 
when  being  machined  can  be  repaired  as  shown  by 
Fig.  17. 


FIG.    22 — BOILER  FLUES  WELDED  TO  FLUE  SHEET 

In  the  field  of  cutting,  the  gas  flame  is  preeminently 
the  better  for  cutting  mild  steel  plates,  angles  and 
shapes.  For  this  work,  the  acetylene  is  reduced  to  a 
minimum  sufficient  to  support  the  flame,  whereas  the 
oxygen  is  supplied  in  great  quantities.  The  action  pro- 
duced is  that  of  oxidization  or  burning,  which  takes 
place  very  rapidly,  with  the  removal  of  a  minimum 
amount  of  material.  Cast  iron,  however,  contains  such 
a  large  percentage  of  carbon,  both  combined  with  iron 
and  in  the  free  state,  that  the  burning  process  cannot  be 


FIG.    23 — STAY    BOLT    HEADS    AND    PATCH 

Welded  in  locomotive  fire  box. 

used.  The  metal  must  be  actually  melted  and  therefore 
the  electric  arc  is  faster  than  the  gas,  owing  to  the  dif- 
ference of  the  intrinsic  heat  values. 

FIELD  FOR  ELECTRIC  ARC   WELDING 

The  field  for  the  use  of  electric  arc  welding  is'  very 
extensive;  in  fact,  thousands  of  dollars  worth  of  ma- 
terial is  scrapped  every  year  by  machine  shops,  found- 
ries and  manufacturing  establishments,  a  very  large 
proportion  of  which  can  be  reclaimed  at  a  compara- 
tively slight  expense  by  electric  arc  welding. 


FIG.    24 — WELDING    A    WORN    TRUCK    SPIDER 

Foundries  can  use  the  carbon  electrode  process 
for  cutting  risers  and  sink  heads  ofl^  of  castings,  as  in- 
dicated by  Fig.  18.  Defective  castings  may  be  re- 
claimed as  illustrated  by  Fig.  19. 

Steel  mills  can  reclaim  rolls,  driving  pinions  and 
driving  spindles  as  shown  by  Figs.  20  and  21. 

Railroad  locomotive  repair  shops  use  electric  arc 
welding  extensively  for  various  applications,  shown  by 


FIG.    25 — CORRODED   SURFACE  OF   LOCOMOTIVE  BOILERS   MUD   RING 

Built  up  by  arc  welding,  as  indicated  in  white. 

Figs.  22,  23,  24  and  25.  In  fact,  some  locomotive  manu- 
facturers use  arc  welding  for  the  entire  fire  box  con- 
struction and  in  some  instances,  the  entire  boiler  has 
been  electric  arc  welded.  In  the  railroad  field,  the  sav- 
ings resulting  from  arc  welding  vs.  other  methods  is 
astounding*,  in  fact,  one  railroad  has  found  that  welds 
can  be  made  by  the  arc  process  for  about  one  third  of 
the  total  cost  incurred  when  the  gas  process  is  used. 


*See  paper  on  "War  and  Welding",  by  E.  Wanamaker,  in 
Vol.  30,  No.  I,  September  issue  of  "Proceedings  of  Westerrt. 
RaihiHiv  Club." 
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The  ship  building  industry  has  recently  been  taking 
a  very  great  interest  in  electric  processes,  both  for  con- 
struction of  minor  portions  of  steel  vessels,  and  also 
with  a  view  to  building  ships  electrically  welded  almost 
throughout,  thereby  replacing  to  a  great  extent  the 
present  riveted  construction.     This  latter  accomplish- 


ment may  be  somewhat  in  the  future,  but  there  are  so 
many  fittings  and  parts  which  can  be  successfully 
welded  at  a  reduced  cost  and  a  saving  of  time,  that 
every  shipyard  building  steel  ships  is  vitally  in  need  of 
electric  arc  welding  apparatus. 


^,N  1 


p.  M.  Lincoln 

ELECTRICAL  apparatus  differs  from  other  machinery  particularly  in  that  the  use  of  electrical 
insulation  in  one  form  or  another  is  invariably  required  and  the  usefulness  of  the  machinery  is  de- 
pendent in  turn  upon  the  integrity  of  this  electric  insulation.  It  is  the  object  of  this  article  to  review 
briefly  the  various  methods  by  which  the  integrity  of  electrical  insulation  may  be  secured  and  perma- 
nently  assured. 


Insulation  of  new  electrical  apparatus  is  designed  to 
withstand  the  application  of  somewhat  rnore  than  twice 
the  normal  voltage  of  the  circuit  upon  which  the  ap- 
paratus is  used.*  But  insulation  is  subject  to  deteriora- 
tion and  the  operator  of  such  apparatus  should  take 
means  to  assure  himself,  from  time  to  time,  that  this 
insulation  still  remains  in  proper  condition.  About  the 
only  way  this  result  may  be  secured  is,  to  apply  insula- 
tion tests  to  the  apparatus  periodically.  Just  what  pro- 
portion of  the  original  test  it  is  necessary  or  advisable 
to  apply  is  an  open  question.  The  double  voltage  ap- 
plied when  the  apparatus  is  new  is  presuinably  a  larger 
margin  of  safety  than  is  reasonable  after  the  apparatus 
has  been  in  service  for  a  period  of  years.  It  is  the 
writer's  opinion  that  150  percent  of  normal  voltage  is 
the  minimum  to  which  the  insulation  should  be  allowed 
to  deteriorate ;  if  the  insulation  will  break  down  on  the 
application  of  150  percent  of  normal  voltage,  the  ap- 
paratus should  be  rewound  or  some  other  radical  steps 
should  be  taken.  The  opinion  of  other  engineers  may 
place  this  value  at  some  other  proportion  of  normal  vol- 
tage.** The  crux  of  the  matter  is  that  it  is  necessary  to 
maintain  the  insulation  of  electrical  apparatus  in  good 
condition  before  the  user  of  that  apparatus  can  be 
assured  that  it  is  not  on  the  verge  of  break  down  at  any 
time,  and  the  only  way  to  obtain  this  assurance  is  by 
these  periodical  insulation  tests. 

Even  when  insulation  is  new  and  in  good  condition, 
it  is  always  subject  to  break  down,  due  to  electrical  con- 
ditions which  may  set  up  voltages  in  excess  of  the 
double  voltage  or  more  which  it  is  designed  to  with- 
stand when  new.  The  most  prolific  source  of  excessive 
voltages  is  lightning,  and  lightning  arresters  of  ap- 
proved design  should  always  be  used  for  the  protection 
of  electrical  circuits.     Even  when  these  are  used  they 


♦When  electrical  apparatus  is  new  it  is  subjected  to  cer- 
tain insulaticni  tests  to  make  sure  that  the  insulation  is  in  good 
condition.  These  insulation  tests  have  been  standardized  by 
the  standardization  rules  of  the  American  Institute  of  Elec- 
trical Engineers. 

**Refer  to  the  Journal  for  March  1918  for  further  infor- 
mation concerning  the  value  of  test  voltages  on  old  apparatus. 
The  practice  of  a  number  of  operating  companies  is  given  in 
an  article  entitled  "Periodical  Insulation  Tests,"  which  appears 
in  that  number. 


do  not  necessarily  give  perfect  protection  at  all  times 
and  insulation  break  downs  are  apt  lu  occur. 

Electrical  surges  may,  however,  be  set  up  by  a 
number  of  conditions.  Outside  of  lightning,  the  most 
prolific  cause  of  surges  is  probably  the  arcing  ground. 
The  arcing  ground  is  not  a  solid  connection  to  ground; 
and  when  an  electrical  system  is  connected  to  ground 
through  an  arc,  the  point  that  is  grounded  does  not 
necessarily  assume  ground  potential  at  once.  There  is 
an  oscillation  in  potential  of  the  whole  electric  circuit, 
which  is  einphasized  by  tlie  unstable  character  of  tlie 
arcing  connection  to  ground.  If  the  electrical  system 
is  a  small  one,  this  surging  may  not  be  enough  to  do 
any  particular  damage.  As  the  electrical  system  in- 
creases in  size  and  capacity,  the  surging  which  takes 
place  with  an  arcing  connection  to  ground  increases  in 
intensity,  and  when  the  electrical  system  is  of  some 
considerable  size,  an  arcing  ground  is  almost  sure  to 
be  disastrous,  since  the  surging  is  very  liable  to  become 
great  enough  to  break  down  the  insulation  of  the  system 
at  some  point.  The  specific  remedy  for  this  condition 
of  surging  is  to  ground  the  neutral.  The  grounded 
neutral  prevents  the  electrical  system  from  oscillating 
its  potential  with  respect  to  ground  and  consequently 
prevents  another  casual  ground  at  some  other  point  in 
the  system  from  setting  up  electrical  surges  in  the 
system.  Grounding  of  the  neutral  is,  therefore,  a 
remedy  that  should  be  applied  to  all  electrical  systems, 
and  the  larger  the  system  becomes,  the  more  important 
becomes  the  application  of  this  remedy. 

The  grounding  of  the  neutral,  although  it  prevents 
surges  from  being  set  up  by  casual  arcing  grounds,  in- 
troduces other  difificulties.  If  the  neutral  of  a  system  is 
not  grounded  a  casual  ground  at  some  other  point  of 
the  system  does  not  create  a  short-circuit,  whereas,  if 
the  neutral  is  grounded,  a  casual  ground  at  some  other 
point  does  make  a  short-circuit.  With  a  neutral 
grounded,  therefore,  there  will  occur  short-circuits  on 
the  system  which  would  not  occur  otherwise,  and  means 
should  be  taken  to  miniinize  the  eflfect  of  these  short- 
circuits.  A  certain  amount  of  resistance  in  the  connec- 
tion between  the  neutral  and  the  ground  is  usually  rec- 
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omniended  for  this  purpose.  The  vahie  of  this  resist- 
ance should  be  such  as  to  prevent  enough  short-circuit 
current  from  flowing  to  do  damage  to  the  system  and, 
on  the  other  hand,  it  should  be  large  enough  to  allow 
the  IR  drop  to  attain  an  excessive  value  even  under  the 
worst  possible  conditions.  Its  exact  value  is  difficult  to 
fix.  A  safe  rule  to  follow  is  to  make  the  ground  resist- 
ance as  small  as  possible  without  introducing  undue  dif- 
ficulties on  account  of  the  short-circuit  current.  The 
difficulties  due  to  the  short-circuit  current  are : —  first, 
the  possibility  of  distorting  the  windings  of  the  genera- 
tor from  the  excessive  current ;  and  second,  the  difficul- 
ties contingent  upon  the  breaking  of  the  short-circuit 
arcs  in  the  circuit  breakers.  With  a  properly  designed 
generator  winding  the  first  of  these  difficulties  need  not 
be  seriously  considered.  Generator  windings  should  be 
braced  sufficiently  so  that  the  strains  due  to  short-cir- 
cuits will  do  no  injury.  This  is  necessary  from  the 
consideration  that  short-circuits  on  generators  may  be 
from  phase  to  phase,  and  in  that  event  no  current  would 
pass  through  the  grounding  resistance  even  if  it  were 
present;  hence  generators  should  stand  successfully  a 
short-circuit  from  phase  to  phase,  and  when  so  designed 
there  is,  of  course,  nothing  to  apprehend  when  the 
short-circuit  is  between  a  phase  and  neutral. 

The  easing  off  of  the  short-circuit  strains  on  the 
switches  is  sometimes  considered  in  fixing  the  value  of 
the  grounding  resistance.  Here  again,  however,  the 
consideration  that  switches  must  be  so  designed  that 
they  will  stand  successfully  a  phase  to  phase  short-cir- 
cuit makes  the  value  of  the  grounding  resistance  of  no 
moment.  In  the  phase  to  phase  short-circuit,  the 
grounding  resistance  plays  no  part,  and  the  switches 
must,  of  course,  be  able  to  withstand  short-circuits  of 
this  nature. 

The  specific  remedy  to  the  problem  of  protecting 
generators  and  other  parts  of  the  electric  circuit  against 
excessive  short-circuit  currents  is  the  use  of  reactances. 
These  reactances  may  be  placed  in  the  generator  cir- 
cuits, in  the  feeder  circuits  or  between  sections  of  bus- 
bars. The  location  of  reactances  in  the  feeder  circuits 
is  generally  considered  preferable.  However,  owing  to 
the  fact  that  feeder  circuits  are  usually  more  numerous 
than  the  generators,  the  cost  of  installing  reactances  on 
all  feeder  circuits  is  sometimes  prohibitive.  The  alter- 
native of  installing  reactances  in  the  generator  circuits 
is,  therefore,  often  used.  The  disadvantage  of  this 
location  is,  that  a  short-circuit  on  any  feeder  lowers  the 
voltage  of  the  entire  system,  on  account  of  the  drop 
through  the  generator  reactances,  while  if  the  reactances 
are  placed  in  the  feeder  circuits,  the  excessive  voltage 
drop  occurs  on  the  affected  feeder  only,  and  does  not 
extend  to  any  great  degree,  to  the  feeders  which  are  not 
in  trouble.  From  this  consideration  therefore,  the  loca- 
tion of  the  reactances  in  the  feeder  circuits  is  desirable, 
and  other  locations  should  be  considered  only  when 
questions  of  cost  become  controlling.  The  use  of  sec- 
tionalizing  reactances  in  the  bus-bars  is  a  compromise 
between  the   use  of   feeder  and  generator  reactances. 


When  bus-bars  sectionalizing  reactances  are  used,  a 
short-circuit  on  a  given  feeder  will  be  fed  directly  from 
one  or  more  of  the  generators  in  service,  while  the  cur- 
rent from  the  other  generators  is  taken  through  one  or 
more  of  these  sectionalizing  reactances.  The  benefit 
due  to  reducing  the  current  fed  into  the  short-circuit  is, 
therefore,  only  partially  obtained.  The  whole  question 
cf  reactances,  their  best  location,  the  value  to  be  used, 
etc.  is  a  large  one.* 

The  question  often  arises,  how  is  a  delta  three — 
phase  system  to  be  grounded?  The  neutral  of  the  delta 
system,  of  course  comes  in  the  center  of  the  delta,  and 
there  is  no  electrical  connection  at  this  point  which  may 
be  used  to  connect  to  ground.  When  it  becomes  neces- 
sary to  ground  a  delta  system,  a  ground  has  to  be  de- 
rived; this  may  conveniently  be  done  by  the  use  of 
transformers.  Three  single-phase  transformers  may  be 
used  for  this  purpose,  one  end  of  each  transformer  be- 
ing connected  to  a  point  of  the  delta  and  the  free  ends 
connected  together  to  form  the  neutral  of  the  delta 
system.  In  this  case,  however,  the  secondaries  of  the 
transformer  must  be  connected  in  delta  in  order  to  make 
the  neutral  point  a  stable  one.  If  the  secondaries  of  the 
transformers  are  not  connected  in  delta,  the  neutral 
becomes  unstable  and  under  no  condition  will  the  bank 
of  transformers  pass  any  more  current  than  just  suf- 
ficient to  excite  the  transformers.  If  the  secondaries 
are  connected  in  delta,  the  neutral  point  is  rigidly  fixed 
and  the  grounding  transformer  bank  will  pass  an 
amount  of  ground  current,  depending  upon  the  short- 
circuit  characteristic  of  the  transformers. 

Another  method  of  deriving  a  ground  on  a  delta 
system  is  to  use  a  three-phase  transformer  wherein  the 
magnetic  circuits  of  the  various  phases  are  interlinked. 
If  the  magnetic  circuits  are  interlinked,  it  is  not  neces- 
saiy  to  use  the  delta  connected  secondaries  in  order  to 
obtain  stability  of  the  neutral  point ;  in  fact  no  secondary 
winding  is  necessary,  unless  the  transformer  is  to  carry 
load  as  well  as  furnish  neutral  point.  •  Still  another 
method  is  to  use  three-phase  transformers  with  the 
primary  in  star  and  the  secondaries  in  delta,  in  which 
case  the  three-phase  transformer  acts,  as  do  the  single- 
phase  transformers  mentioned  above.  In  this  case  it 
does  not  matter  whether  the  transformer  is  designed 
with  interlinking  magnetic  circuits  or  not. 

In  case  a  neutral  is  derived,  the  question  of  current 
carrying  capacity  in  the  transformers  must  be  con- 
sidered. The  grounding  transformers  should,  of 
course,  be  capable  of  carrying  all  of  the  current  which 
must  pass  to  ground,  without  damaging  the  trans- 
formers. No  general  rule  can  be  given  to  cover  this 
point,  but  the  same  consideration  should  govern  as  in 


*For  further  information  on  this  subject,  see  "Protection 
against  Short-Circuits"  by  P.  M.  Lincoln  in  the  Journal  for 
Dec.  1913.  P-  1217.  "Protection  of  Electrical  Equipment  against 
Electrical  Surges"  by  P.  M.  Lincoln  in  the  Journal  for  July 
1910,  p.  575.  "The  EfTect  of  Limiting  Reactances  on  the  Appli- 
cation of  Oil  Circuit  Breakers"  bv  J.  N.  Mahoney  in  the 
Journal  for  April  1914,  p.  200.  "Oil  Circuit  Breakers  and 
Their  Application"  by  J.  B.  Mac  Neill  in  the  Journal  for 
Aug.  1916,  p.  364  and  Nov.  1916,  p.  547. 
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the  selection  of  the  value  of  the  resistance  to  insert  in 
the  ground  of  a  system  where  the  neutral  connection  is 
already  present.  In  any  event  the  transformer  capacity 
must  be  large,  relative  to  the  capacity  of  the  circuit. 
In  the  case  of  low  voltage  secondary  circuits  of  limited 
capacity,  where  the  cost  of  grounding  transformers 
would  exceed  the  benefits  derived,  a  spark  gap  may  be 
placed  between  one  of  the  terminals  and  ground  on  a 
delta  or  between  the  neutral  and  ground  on  a  star  con- 
nected winding,  in  lieu  of  grounding. 

In  considering  the  grounding  of  neutrals,  the  ques- 
tion often  arises  as  to  whether  it  is  advisable  to  install 
more  than  one  ground  connection.  So  far  as  the  ques- 
tion of  safety  to  the  system  and  the  apparatus  on  it  is 
concerned  the  more  points  that  are  grounded  the  better. 
Safety  for  the  apparatus,  however,  is  not  the  only  thing 
to  consider.  When  two  or  more  neutrals  on  the  same 
system  are  grounded,  there  is  apt  to  be  an  exchange  of 
current  through  the  ground  between  these  points. 
These  circulating  currents  are  usually  high  frequency, 
and  often  render  telephone  and  telegraph  circuits  in  the 
neighborhood  inoperative.  If  it  were  not  for  such  cir- 
culating currents  a  multiplicity  of  grounds  on  a  given 
system  would  be  desirable  but  the  possibility  of  circulat- 
ing currents  usually  makes  it  desirable  to  adhere  to  a 
single  ground.  The  best  location  for  the  ground  is 
usually  the  power  plant.  When  two  or  more  pow-er 
plants  in  different  locations  are  operated  in  parallel  the 
best  place  to  ground  is  usually  the  larger  of  the  two 
plants.  If  there  is  no  danger  of  trouble  from  circulat- 
ing currents,  both  plants  may  be  grounded.  The  dis- 
advantage of  having  a  ground  at  a  single  plant  only  is 
that  its  protection  is  eliminated  on  a  part  of  the  system 
whenever  the  two  plants  are  separated.  The  separation 
of  the  two  plants  by  the  operation  of  circuit  breakers  in 
case  of  trouble,  may  cause  the  protection  of  the  ground 
to  be  eliminated  at  just  the  time  when  it  is  most  needed. 
In  such  a  case,  therefore,  the  double  ground  is  desirable 
and  is  recommended  provided  it  does  not  cause  trouble 
from  circulating  currents. 

The  question  has  been  sometimes  raised  as  to 
whether  or  not  it  is  desirable  to  ground  the  neutral  of 
an  important  motor  rather  than  the  neutral  at  the  power 
plant.  This  question  is  governed  by  the  same  con- 
siderations as  govern  the  grounding  of  the  neutrals  of 
two  separate  power  plants.  If  the  motor  is  considered 
more  important  than  the  power  plant,  it  may  be  advis- 
able to  ground  the  system  at  the  motor  instead  of  at 
the  power  plant.  The  best  remedy  in  such  a  case  is  a 
ground  at  both  places  provided  no  trouble  is  experienced 
due  to  the  circulation  of  ground  currents. 


The  operator  should  bear  in  mind  that  grounds  on 
one  side  of  a  bank  of  transformers  do  not  give  protec- 
tion against  surges  which  may  occur  on  the  other  side 
of  this  bank.  The  writer  has  in  mind  the  case  of  a 
high-voltage  transmission  system  in  which  the  high  vol- 
tage lines  were  operated  with  a  solidly  grounded 
neutral.  In  this  case,  however,  the  generators  were 
left  ungrounded  and  on  one  occasion,  when  an  ac- 
cidental ground  occured  on  the  windings  of  one  of  the 
generators,  the  surges  set  up  were  so  severe  that  not 
only  was  the  generator  wherein  the  trouble  occured, 
burned  out,  but  it  also  carried  with  it  another  generator 
running  in  parallel  with  it.  In  this  case  no  ground  had 
been  provided  to  take  care  of  surges  on  the  generator 
windings,  although  the  high-tension  side  of  the  trans- 
formers to  which  these  generators  were  connected,  was 
thoroughly  grounded.  A  ground  should  have  been  pro- 
vided on  the  generator  windings,  as  well  as  on  the  high- 
tension  side  of  the  system.  The  ground  on  the  high- 
tension  side,  in  this  case,  gave  no  protection  whatever 
from  surges  which  were  set  up  on  the  generator  side  of 
the  transformers.  This  is  something  that  should  be 
carefully  looked  after  every  time  power  is  passed 
through  transformer  banks,  and  care  should  be  taken 
that  both  sides  of  the  banks  are  thoroughly  grounded. 

This  resume  on  protection  of  electric  circuits  would 
not  be  complete  without  pointing  out  the  inherent  ad- 
vantages of  transformer  insulation  over  that  of  genera- 
tors and  motors.  The  conductors  of  generators  and 
motors  are  buried  in  slots  and  insulated  therefrom  by 
insulation  which  must  necessarily  be  always  kept  dry. 
The  thickness  of  insulation  is  limited  by  the  slot  dimen- 
sions, and  considerations  of  cost  necessarily  keep  the 
slot  size  to  a  minimum  value.  Transformers,  on  the 
other  hand,  are  usually  immersed  in  oil  and  the  space 
allowed  for  insulation  is  not  limited  as  it  is  in  gener- 
ators and  motors.  As  a  consequence  the  insulation  of 
transformers  is  invariably  much  better  than  can  possibly 
be  expected  on  rotating  apparatus.  This  is  the  main 
reason  why  the  writer  has  ahvays  advocated  in  general, 
the  use  of  rotary  converters  rather  than  motor  genera- 
tors, where  it  was  necessaiy  to  obtain  direct  current 
from  an  alternating  source.  The  insulation  of  the 
transformers  of  a  rotary  converter  set  is  always  sturdier 
than  that  of  die  motor  in  the  motor-generator  set,  and 
as  a  consequence  the  integrity  of  the  converter  is  usually 
much  higher  than  that  of  the  motor-generator. 

In  closing  the  writer  wishes  to  emphasize  once 
more  the  necessity  for  "eternal  vigilance".  Only  by  the 
exercise  of  continual  care  and  careful  supervision  can 
the  operator  of  electrical  apparatus  hope  to  maintain 
his  equipment  constantly  in  proper  running  condition. 
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Mofho^h  of  BaJai^c^Liig  E©tora 

C.  C.  Brinton 

Assistant  Superintendent, 

Westinghouse  Electric  &  Mfg.   Company. 

ITH  the  rapid  adoption  of  turbine-driven  ma-  steel  ball  mounted  in  a  hardened  and  ground  cup  of 
cliinery  and  the  increased  speeds  at  which  it  is  slightly  larger  diameter.  The  cuj)  is  supported  on  the 
now  considered  safe  to  run  almost  all  classes  top  of  a  pedestal.     The  rotor  is  mounted  on  a  hollow 


of  machines,  the  elimination  of  vibration  becomes  more 
and  more  important.  With  this  general  increase  in 
speed,  not  only  have  stresses  increased,  but  the  tendency 
towards  vibration  has  also  become  much  greater,  while 
the  intensity  of  vibration  and  consequently  the  damag- 
ing effects  which  result  from  it,  have  grown  in  propor- 
tion. Obviously  the  greater  the  speed  at  which  a  ma- 
chine is  run  the  less  will  be  the  amount  of  out-of-bal- 
ance  necessary  to  set  it  vibrating  and  the  more  intense 
or  violent  will  be  the  vibration.  Again,  the  more  in- 
tense the  vibration  the  greater  will  be  the  tendency 
toward  the  loosening  of  parts,  opening  out  of  bearings, 
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niandrel  which  has  a  cup  similar  to  the  pedestal  at  the 
exact  center  and  at  a  height  that  will  bring  the  center 
of  gravity  of  the  rotor  slightly  below  the  point  of  sup- 
port. When  the  mandrel  in  the  rotor  is  mounted  so 
that  the  steel  ball  carries  the  entire  weight  and  is  in 
exact  mechanical  center,  it  is  only  necessary  to  level  up 
the  rotor  to  obtain  a  static  balance.  This  apparatus  is 
extremely  sensitive  and  gives  excellent  results. 

A  highly  sensitive  and  accurate  apparatus  is  used 
to  give  rotors,  made  up  of  several  discs,  a  running  bal- 
ance by  balancing  each  disc  separately.  This  machine, 
shown  in  Fig.  3,  consists  of  a  turntable  mounted  so 
as  to  rotate  on  a  beam,  which  in  turn  is  supported  by 
means  of  two  knife  edges  which  rest  in  self-aligning 


FIG.    I — ST.\TIC    BALANCING    APPARATUS 

For  flywheels  of  large  diameter. 

springing  out  of  foundations,  etc.  It  becomes  therefore 
a  matter  of  great  importance  that  the  accuracy  of  the 
balance  of  rotors  be  such  that  they  operate  without  ex- 
:essive  vibrations. 

Two  states  of  balance  must  be  distinguished,  static 
or  standing  balance  and  dynamic  or  running  balance. 
Static  balance  insures  dynamic  balance  in  the  case  of 
thin  discs  but  not  with  long  drums  such  as  are  usual 
m  practically  all  high  speed  generators  and  motors. 

STATIC  BALANCE 

The  standard  method  of  obtaining  static  balance 
by  means  of  rolling  the  body  supported  by  its  shaft  on 
a  set  of  parallel  straight  edges  is  well  known  and  gives 
excellent  results  for  the  larger  class  of  rotating  ma- 
chinery. Special  apparatus  is  necessary,  however,  in 
some  cases  to  obtain  an  accurate  static  balance.  The 
fixture  shown  in  Fig.  i  is  sometimes  called  the  umbrella 
balance  and  consists  of  a  three-quarter  inch  hardened 


FIG.    2 — FLYWHEEL    ON    TEST    FLOOR 

Having  static  balancing  apparatus  of  Fig.  I  attached  and  ready 
for  balancing. 

sockets  upon  the  supporting  base.  The  amount  of  the 
hanging  counterweight  is  adjusted  so  that  the  center  of 
gravity  is  just  below  the  plane  of  the  knife  edges  and 
will  oscillate  slowly.  When  the  turntable  supporting 
the  part  to  be  balanced  stays  in  the  position  of  a  hori- 
zontal plane  during  a  complete  revolution,  the  part  is 
in  static  balance.  The  horizontal  position  of  the  table 
is  determined  by  the  pointer  being  made  to  oscillate 
equally  on  each  side  of  the  zero  point,  thus  eliminating 
the  starting  friction  of  the  knife  edges. 

Still  another  machine  for  placing  rotors  in  static 
balance  is  shown  in  Fig.  5.  It  consists  of  a  pair  of 
large  wheels  inounted  on  ball  or  roller  bearings  with  a 
smaller  wheel  at  the  top  adjustable  so  that  shafts  of 
different  diameters  can  be  used.  The  piece  to  be  bal- 
anced is  pressed  on  an  arbor  and  the  arbor  placed  on 
the  top  of  the  large  wheel  resting  slightly  against  the 
smaller  one.  The  adjustment  is  such  that  the  point  of 
contact  will  be  about  one  degree  from  the  vertical  cen- 
ter line  passing  through  the  center  of  the  large  wheel. 


350 


THE    ELECTRIC    JOURNAL 


This  will  allow  the  shaft  to  rotate  easily  without  any 
wedging  action  and  with  a  minimum  friction.  Where 
rotors  have  their  own  shafts  this  machine  is  very  con- 
venient to  use  and  gives  a  reliable  and  accurate  static 
balance  without  which  no  dynamic  balance  is  possible. 

DYNAMIC    BALANCli 

The  satisfactory  operation  of  any  rotor  is  by  no 
means  assured  when  it  has  been  placed  in  perfect  static 
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FIG.    3 — STATIC    B.'^LANCING    MACHINE 

For  disc  rotors, 
balance.  There  still  remains  the  problem  of  securing 
running  or  dynamic  balance.  In  Fig.  4  is  shown  a 
rotor  with  two  weights  n  and  m  attached  so  that  mr  ^= 
tiR.  Under  these  conditions  it  is  apparent  that  the  ro- 
tor while  in  static  balance  will  be  acted  upon  by  a  cen- 
trifugal force  mr  and  a  corresponding  one  iiR.  As 
these  forces  are  not  in  line  with  one  another,  the  net 
result,  as  the  piece  revolves,  is  a  revolving  couple  or 
so  called  centrifugal  couple  which  gives  rise  to  vibra- 
tion of  the  rotor. 


FIG.   4 — MOMENT    DIAGRAM    OF    AN    UNBALANCED    ROTOR 

The  correction  of  this  condition  is  simple  and  re- 
quires only  the  addition  of  two  counterweights  equal 
in  weight  and  at  the  same  radial  distance  from  axis  or 
lesser  in  weight  and  at  a  greater  radial  distance  in  the 
same  plane,  or  a  centrifugal  couple  may  be  added  in 
any  convenient  place  so  that  it  be  equal  to  the  unbalanc- 
ing force.  For  mr  =  nR,  therefore,  the  Force  = 
zmrC.  It  is  desirable  to  keep  the  radial  distance  R 
and  the  axial  distance  C  as  large  as  possible  so  that  the 
added  weights  may  be  small. 

The  method  that  has  been  most  generally  used  for 
finding  the  amount  and  location  for  placing  the  required 
weights  is  to  rotate  the  body  either  in  its  own  bearings 


or  a  special  set  of  bearings  carried  on  flexible  springs 
to  get  an  exaggerated  vibration.  When  full  speed  has 
been  reached  a  marker  of  some  kind  is  held  against  the 
shaft : — a  pencil  used  for  marking  china  or  glass  is  the 
best  one  for  this  purpose.  The  amount  of  vibration  is 
noted  and  the  rotor  is  shut  down  to  observe  the  position 
of  the  marks.  The  high  spot  thus  obtained  does  not 
occur  directly  in  line  with  the  heavy  spot  in  the  rotor 
but  lags  behind  from  o  to  90  degrees  depending  on  the 
construction  of  the  particular  rotor.     With  most  tur- 


FIG.    5 — STATIC    BALANCING    MACHINE 

bine  rotors  it  will  be  found  30  to  50  degrees  behind  the 
heavy  spot.  Weights  are  added  as  indicated  by  the 
marks  and  another  trial  is  made  and  continued  in  the 
same  way  until  the  vibration  has  been  eliminated. 
When  it  is  possible  to  rotate  the  body  in  either  direction 
the  exact  heavy  spot  may  be  found  more  easily  by  mark- 
ing the  shaft  carefully  in  each  direction  of  rotation  and 
trying  a  position  for  weights  either  half  way  between 
these  marks  or  180  degrees  away  from  this  half  way 
position. 

4- 


FIG.   6 — DYNAMIC    BALANCING    MACHINE 


A —  Rotor;  B — Vibrating  bed;  C— Splined  shaft  carrying 
compensating  weights  DD  ;  £— Hinge  ;  /•'—Spring  support ;  G— 
Motor;  H — Head  shaft;  / — Right  and  left  hand  screw;  / — 
Worm;  K — Internal  gear  of  planetary  drive;  M — Vibration 
indicator;  and  A' — Variable  distance. 

It  is  apparent  that  the  process  of  balancing  is 
neither  rapid  nor  easy,  as  a  good  many  trials  must  be 
made  for  the  purpose  of  verification,  etc.  Also  bodies 
such  as  high  speed  electrical  machines  take  a  good  deal 
of  time  in  coming  up  to  speed  and  slowing  down. 

A  rotating  body  in  balance  at  one  speed  is  also  in 
balance  at  all  other  speeds,  although  unbalanced  bodies 
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will  have  a  speed  at  which  they  synchronize  with  the 
natural  period  of  vibration  of  their  supports.  When 
this  is  reached  a  more  violent  vibration  is  noticed  than 
either  above  or  below  this  particular  speed. 

A  machine  made  to  indicate  both  the  amount  and 
angular  position  of  the  unbalanced  couple  has  been  in 
use  for  a  comparatively  short  time  and  gives  accurate 
and  rapid  results.  In  principle  it  is  a  rigid  horizontal 
bed  hinged  at  one  end  and  free  to  vibrate  in  one  plane 
only  at  the  other  end,  as  shown  in  Figs.  6  and  7.  The 
bed  resembles  a  lathe  bed  and  is  hinged  at  one  end  by  a 
support  of,  light  steel  plate  flexible  enough  to  allow  the 
bed  to  vibrate  easily.  The  other  end  is  supported  by  a 
set  of  steel  springs  whose  natural  period  of  vibration 
corresponds  to  the  speed  at  which  it  is  desired  to  bal- 
ance all  rotors.  This  speed  occurs  for  this  machine  at 
about  500  r.p.m.  The  rotor  to  be  balanced  is  mounted 
on  top  of  the  bed  in  half  bearings  babbitted  and  fitted 
with  a  lubricating  device.  It  is  coupled  to  the  driving 
mechanism  by  a  semiflexible  spring  coupling.  A  set 
of  compensating  weights  are  hung  underneath  the  bed 
so  arranged  that  when  pushed  together  they  are  in  per- 


FIG.    7 — C.ARWEN    E.\LANCING    MACHINE 

Built  by  The  Carlson- Wenstrom  Co.,  of  Philadelphia. 

feet  balance  but  are  capable  of  being  moved  apart  by 
means  of  a  screw  and  hand  wheel,  in  which  case  the 
overhanging  tips  become  a  set  of  weights  and  the  dis- 
tance apart  they  are  moved  determines  the  amount  of 
the  centrifugal  couple.  The  machine,  Fig.  7,  has  two 
sets  of  compensating  weights  which  can  be  used  sepa- 
rately or  together.  The  picture  shows  one  set  closed 
and  in  balance  and  the  other  set  a  short  distance  apart 
and  therefore  unbalanced  a  certain  amount.  The  driv- 
ing motor  is  suspended  from  the  hinged  end  of  the  bed 
and  is  connected  mechanically  by  means  of  spiral  bevel 
gears  to  the  mechanism  that  drives  the  rotor.  The 
other  end  of  the  driving  motor  is  connected  to  the  com- 
pensating weights  through  a  planetary  gear  which 
drives  them  at  exactly  the  same  speed  as  the  rotor. 

The  detail  of  the  compensating  weights  can  be  seen 
in  Fig.  8.  The  hand  wheel  is  connected  by  a  gear  to  a 
screw  supporting  a  fork  which  rides  in  a  slot  turned  in 
each  weight.  When  the  hand  wheel  is  turned,  the  right 
and  left  hand  thread  of  the  screw  forces  the  weights 
apart.  The  dials  shown  record  the  distance  moved,  be- 
ing calibrated  in  inch-pounds  for  convenience.  The 
hand    wheel    at    the    extreme    right,    Fig.    7,    operates 


through  a  set  of  gears  the  internal  gear  of  the  planetary 
drive  and  through  this,  the  angle  of  the  weights  may  be 
shifted  with  respect  to  the  rotor,  while  running.  The 
dial  indicator,  which  measures  the  amount  of  vibra- 
tion, is  fastened  on  the  end  of  the  machine  opposite  the 
hinge  so  as  to  obtain  the  maximum  vibration. 


FIG.   8 — DETAILS    OF    CARWEN    BALANCING    MACHINE 

The  operation  of  balancing  any  rotor  has  been  re- 
duced to  a  very  simple  process  for  machines  within  the 
capacity  of  the  dynamic  balancing  machine.  The  ma- 
chine shown  in  Fig.  7  has  a  capacity  of  14  000  pounds. 

First  it  is  very  important  that  a  good  static  bal- 
ance be  secured.  This  may  be  done  by  any  of  the 
methods  which  fit  the  rotor  in  question  and  gives  suffi- 
ciently accurate  results.  Then  the  rotor  is  placed  in 
the  balancing  machine  and  coupled  up  to  the  driving 
head.  The  compensating  weights  are  all  set  at  zero  so 
that  the  only  unbalancing  couple  will  be  that  in  the  ro- 
tor. The  motor  is  then  started  up  and  brought  to  the 
speed  of  maximum  vibration  as  shown  by  the  indica- 
tor:— this  will  be  about   500  r.p.m.   but  small  adjust- 


m  ■ 


FIG.    9 — AKIMOFF    BALANCING    MACHINE 

ments  of  the  speed  by  means  of  the  rheostat  may  be 
necessary  to  get  the  exact  point.  Offset  the  weights 
slightly  and  shift  the  angle  until  the  point  of  greatest 
vibration  is  found,  that  being  more  apparent  than  the 
least  vibration.  Then  shift  the  angle  back  180  degrees 
and  vary  the  amount  of  compensating  weight  until  the 
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vibration  is  very  small.  A  final  adjustment  of  the  angle 
and  weights  will  now  bring  the  machine  to  a  point  of 
perfect  smoothness. 

To  transfer  the  couple  to  the  rotor  being  balanced, 
turn  the  rotating  parts  so  that  the  weights  are  in  a  ver- 
tical plane,  this  is  indicated  by  a  mark  on  the  weights 
which  will  stand  opposite  a  pointer  on  the  frame.  Now 
the  adjustment  required  in  inch-squared-pounds  is  read 
on  the  dial.  On  all  rotors  are  two  planes  at  right  angles 
to  the  axis  with  some  means  of  attaching  weights  at  a 
known  radius.  Also  these  places  are  a  known  distance 
apart.  Assuming  that,  in  a  particular  rotor,  the  dis- 
tance between  weights  is  20  inches  and  the  radius  is  10 
inches,  also  the  dial  reading  was  1000.  Then  the  total 
weight  required  is  1000  -=-  (20  X  10)  =  5  pounds. 
Therefore  the  rotor  requires  a  2.5  pound  weight  at  each 
end  180  degrees  apart  and  in  the  same  indicated  posi- 
tion as  the  compensating  weights. 

It  is  quite  possible  to  add  the  required  weights  to 
the  rotor,  reset  the  compensating  weights  to  zero  and 
check  the  balance  by  running  again,  but  as  a  general 
rule  this  is  unnecessary  as  the  results  obtained  are  sufifi- 


ciently  reliable  to  eliminate  this  operation. 

An  earlier  machine  made  by  Akimoff  is  shown  in 
Fig.  9.  The  method  of  shifting  the  compensating 
weights  is  not  as  good  as  in  the  later  machines.  It  con- 
sists in  screwing  out  a  pair  of  rods  in  the  cage  seen  un- 
derneath the  bed.  A  piece  of  rubber  is  held  against 
the  toothed  ring  seen  on  the  outside  of  the  hollow  bar 
carrying  the  rod.  This  is  connected  to  the  rod  by  means 
of  a  screw  and  rack,  thus  when  the  rubber  turns  the 
ring  it  forces  out  a  pair  of  rods  in  the  opposite  direc- 
tion 180  degrees  apart  and  produces  the  compensating 
weight.  By  moving  axially  along  the  balancing  cage 
any  angle  may  be  obtained  by  choosing  the  proper  set 
of  rods.  As  this  machine  has  a  capacity  of  2500 
pounds  only,  the  rotors  may  be  carried  in  rollers  with 
ball  bearings  and  lined  up  by  means  of  the  centers  in 
the  shaft.  The  driving  mechanism  is  a  standard  lathe 
chuck  carefully  balanced.  After  setting  up  it  is  a  very 
easy  matter  to  check  the  shaft  to  find  if  it  runs  true. 
This  method  of  handling  allows  the  rotor  to  be  put  in 
and  taken  out  very  quickly,  but  the  handling  of  the 
compensating  weight  is  rather  slow. 
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iln^^A  War  Measure 


C.    S.    COLER 

Educational  Dept., 
Westinghouse   Electric  &  Mfg.   Company 


THE  WAR  has  brought  us  as  a  nation  face  to  face 
with  the  problem  of  getting  more  work  done  with 
less  total  available  man  power.  To  complicate 
the  problem,  the  relative  importance  and  amount  of 
diiiferent  kinds  of  work  has  changed,  causing  a  shifting 
of  workers  which  has  resulted  in  many  positions  being 
filled  by  those  unfamiliar  with  the  work.  In  addition 
to  this  the  increased  demand  for  workers  has  drawn 
into  industry  many  who  have  had  no  previous  industrial 
experience. 

The  apparent  man  power  needed  in  industry  today 
is  great  compared  with  the  true  man  power  which 
should  be  needed; — or  to  state  the  matter  differently, 
with  our  available  man  power  we  could  more  quickly 
complete  the  extra  work,  which  is  required  for  winning 
the  war,  if  every  one  in  industry  were  better 
prepared  for  his  work.  The  national  problem  in 
industry  today  is  not  so  much  lack  of  men  as  low 
man  "power-factor."  As  time  goes  on  this  condition 
would  logically  improve  slowly  but  at  present,  time 
is  a  very  important  factor.  A  great  improvement 
can  be  made  rapidly  by  intensive  training.  What  the 
Army  and  Navy  are  doing  for  those  who  enter  their 
service,  industrv-  must  do  for  those  who  enter  its  or- 
ganizations. 

The  function  of  such  industrial  training  is  two 
fold — to  prepare  new  employes  for  their  specific  work 
in  the  industry,  and  to  aid  those  already  in  the  industry 
to  rise  through  promotion  based  on  the  application  of 
greater  knowledge  and  skill  to  their  work.     Intensive 


training  in  no  way  takes  the  place  of  the  broader  and 
more  thorough  trades  courses  which  have  been  con- 
ducted in  the  past.  It  is  intended  only  to  acquaint  em- 
ployes quickly  with  the  specific  details  of  new  work 
which  they  may  be  called  upon  to  perform.  The  prin- 
ciple is  economically  sound  as  it  benefits  the  industry, 
the  employe  and  the  nation. 

THE    VESTIBULE    SCHOOL 

Where  the  rate  of  taking  on  new  employes  for 
work  of  a  somewhat  similar  nature  warrants,  the  vesti- 
bule school  offers  decided  advantages  for  intensive 
training  over  the  older  methods  of  instruction  "on  the 
job".  A  separate  training  room  or  section  is  equipped 
with  standard  tools  and  supplied  with  work  of  various 
kinds  similar  to  that  on  which  the  employes  will  be 
placed  after  receiving  instruction.  The  instructor  in 
charge  of  the  training  section  should  be  thoroughly 
familiar  with  the  various  phases  of  the  work  to  be  done 
and  should  possess  the  ability  to  impart  his  knowledge 
and  skill  to  others. 

The  employe  taking  up  new  work  in  the  industry, 
through  the  vestibule  school,  receives  a  special  instruc- 
tion period  rate  during  the  training  period.  Intensive 
instruction  is  provided,  not  only  about  the  work  itself 
but  about  other  matters  relating  to  it  such  as  blue  print 
reading,  shop  rules  and  discipline,  the  system  of  wage 
payment,  materials,  etc.  The  working  conditions  in  the 
training  section  are  less  liable  to  cause  nervousness,  par- 
ticularly with  women  employes,  and  that  first  period  of 
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discouragement,  which  usually  comes  to  those  taking  up  pable  of  filling  more  responsible  positions  but  who  un- 
new  work,  can  be  overcome  by  special  attention,  under  der  the  old  S3'stem  could  not  afford  to  change  their 
conditions  which  do  not  expose  the  learner  to  observa-      work. 


lie.    I       lU.M.XlNG     SECIION     FOR     I.\T£.\SIVE     I.\STRUCTION     ON 
M.\CHINE-TOOL    OPERATION 

Instruction  is  given  on  bench  work,  assembling,  drill  press, 
milling  machine,  screw  machine,  grinder,  shaper  and  lathe. 
Particular  attention  is  given  to  the  size  and  kinds  of  work  on 
which  women  emploj-es  are  placed  and  machines  are  equipped 
with  modern  safety  devices.  The  length  of  instruction  period 
is  from  two  days  to  four  weeks  depending  on  the  operation 
and  the  aptitude  of  the  operator.  Effort  is  made  to  train  the 
operator  for  the  work  to  which  he  or  she  is  best  adapted. 
Some  of  the  best  workers  are  slow  to  learn ;  but  if  a  trial 
demonstrates  a  lack  of  natural  mechanical  ability,  the  operator 
is  shifted  to  some  other  line  of  work. 

tion  and  ridicule  by  those  who  are  more  familiar  with 
the  work.  The  instructor  can  aid  in  placing  the  new 
employes  on  the  proper  work  at  the  proper  wage.  The 
instruction  does  not  tie  up  work  on  the  floor  which  is 
being  carried  through  in  the  normal  process  of  manu- 
facture, and  the  time  ordinarily  lost  on  machine  tools 
in  finding  new  operators  and  acquainting  them  with  the 
work  is  reduced  by  supplying  the  need  froin  the  reser- 
voir provided  by  the  training  section. 

TRAINING  FOR  PROMOTION 

Those  employes  who  wish  to  prepare  for  more  im- 
portant work  in  the  industry  may  be  placed  in  the  school 


J-ii..    -'      IK.MNING    SECTIO.V    FOR    TR.VCl.XG    ,\ND    .MECH,\.\1CAL 
DRAWING 

Traming  m  this  class  covers  lettering,  tracing,  mechanical 
drawing,  mathematics  and  applied  arithmetic.  Minimum  re- 
quirements for  entrance— two  years  of  high  school.  Length 
ot  instruction  period  from  four  to  six  weeks.  Those  who 
show  particular  aptitude  for  this  work  after  completing  the  in- 
struction period  are  given  further  instruction,  on  part  time,  in 
detail  drawing. 

either  on  full  time  or  part  time  for  intensive  training. 
This  minimizes  the  loss  to  the  industry  and  to  the  ein- 
ploye  due  to  the  change  of  work  and  opens  up  a  path 
for  advancement  to  many  in  the  industry  who  are  ca- 


FIG.   3 — STENOGRAPHIC    TRAINING    SECTION 

Instruction  covers  the  use  and  spelling  of  technical  words, 
operation  of  the  dictaphone,  company  system  of  handling 
correspondence,  filing  systems,  etc.  Requirements  for  entrance 
—completion  of  commercial  high-school  course  or  business 
college.     Length  of  instruction  period  from  three  to  six  weeks. 

Through  intensive  training  the  office  boy,  if  he 
qualifies,  can  go  to  school  several  hours  a  week  to 
learn  tracing  or  to  prepare  for  clerical  work,  machine 
tool  operation  or  electrical  work,  according  to  his  ap- 
titude and  desires.  The  introduction  of  intensive 
methods  of  training  has  been  rather  slow  in  the  past, 
just  as  the  use  of  high-speed  tool  steel  and  other  inno- 
vations  have  been   slow   in   their  adoption.     The  war 


FIG.   4 — TRAINING     SECTIO.M     FUR     ELECTRICAL    WORK 

Instruction  is  given  on  the  winding  and  insulating  of  coils 
and  other  electrical  work  such  as  soldering,  mica  building, 
inspecting  materials,  etc.  Length  of  instruction  period  from 
two  days  to  four  weeks. 

has  accelerated  the  work  of  intensive  training  and  once 
established,  its  advantages  are  so  apparent  that 
training  sections  may  be  recognized  as  being  just  as 
necessary  to  industry  after  the  war  as  they  are  at  the 
present  time. 


The  'U^s©  of  Cmplilo  Iivstrinu^jit^s 

In  Improvins  the  O^^eration  of  Slectrical  Apparaiiis  and  .R-oJaoia;^  (^osi:  of  iVIaintennnce 

J.    H.   OVERPECK 


IMPROX'EMENTS  and  changes  are  constantly  being 
made  in  the  types  of  mills  and  machinery  used  to 
produce  steel  so  that  in  new  mills  motors  are 
frequently  used  on  certain  applications  in  which  the 
nature  of  the  power  cycle  has  not  previously  been 
worked  out.  In  order  that  the  motor  may  be  utilized 
to  the  best  advantage  in  such  cases,  it  has  been  found 
advisable  to  make  use  of  graphic  instruments  having 
high  paper  speed  to  determine  whether  or  not  the  best 
operation  is  being  obtained  and  secondly  if  a  modifica- 
tion of  the  control  or  a  different  design  of  motor  would 
perform  the  work  easier  and  with  less  abuse  to  the 
motor  and  the  control.     During  the  present  time  this 


Motor  repair  records  can  be  conveniently  made  in 
some  such  form  as  that  shown  in  Table  I,  using  a  sepa- 
rate sheet  for  each  line  of  motors.  Each  application  in 
the  mill  is  entered  in  a  separate  column  on  one  inspec- 
tor's sheet  when  repairs  are  made  for  the  first  time, 
after  which  all  repairs  made  on  this  application  will  be 
noted  in  this  column.  Thus  if  there  are  twelve  motors 
of  one  frame  size  under  one  inspector,  there  will  be 
twelve  columns  under  this  heading  and  the  application 
of  each  will  be  entered  at  the  bottom. 

In  Table  i,  the  repairs  or  failures  are  divided,  as 
shown,  into  four  general  classes,  armature  and  commu- 
tator, field,  brush  and  bearing  troubles,  each  of  which 


iNSPtiCTOR- 


T.\HLE  1  — Hl.ECTRICWL  I.VSPECTOR'S  RKP.MR  RECORD 

Steel  Co.  

1918,  TO 1918 


_\\'oRKS 


FROM- 


Type  and  No. 
Total  Motors  in  Mill 

Frame  A 

8 

Frame  B 

iS 

Frame  C 

10 

Frame  D 

.38 

Frame  E 

12 

Frame  F 

8 

Frame  G 

l6 

Frame  H 

8 

Frame  I 
6 

.Application  No. 

12    3    4    5 
S'S   S   S  S 

12    3    4    5 

12    3    4    5 

12    3    4    5 

12    3    4    5 

12    3    4    5 

12    3    4    5 

12    3    4    5 

12    3    4    5 

St-ries  or  Cfinipound 

S    S    S   S    S 

S   S  c  cs 

S    S    S   C    S 

C  C  C  S  s 

C    C    S   S   C 

C  C  c  c  c 

C  C  C  C  C 

C  C  C  c  c 

.Armature  Ground 

Short 

Open 

Broken  Banding 

Comin.  Ground 

Short 

Undercut 

1 

Turned 

Ser.  Fid.  Ground 

J 

"       "      Open 

"      Short 

Comm.  Fid.  Ground 

■•     Short 

1 

"     Open 

j 

Shunt  Fid.  Ground 

1 

— 

■'     Short 

Open 

— 1 

Replaced  Brushes 

Brush  Holder  Trouble 

Bearing  Trouble 

Total 

5 
o 

3 

a 
(J 

V 

§ 

It 

£ 
•J-. 

Of 
3 
"ffl 

u. 
o 

'.  Total  Failures*— ^ame  Fr.  No. 

1 

','c  Motors — bame  Fr.  No. — Fail- 
ures 

Application 

•  All  percentages  should  be 

is  particularly  true  in  view  of  the  fact  that  many  mills 
which  were  installed  just  previous  to  the  war,  are  now 
required  to  roll  material  entirely  different  from  that 
for  which  the  mill  was  designed. 

When  armature  changes  are  frequent,  the  cost  of 
maintenance  becomes  heavy  but  the  delay  encountered 
in  making  the  repairs  is  of  still  greater  importance. 
In  order  tf)  ferret  out  all  cases  where  particular  trouble 
is  encountered,  it  has  been  found  desirable  to  record 
the  repairs  made,  with  a  summary  for  the  electrical 
superintendent  at  the  end  of  each  month,  so  that  the 
applications  giving  the  most  trouble  can  be  quickly 
brought  to  his  attention. 


figured  on  an  annual  basis 

is  subdivided  as  far  as  is  deemed  advisable.  This 
record  should  be  carefully  kept  and  the  places  where 
failures  occur  noted  accurately ;  distinguishing,  for  ex- 
ample, between  a  ground  on  a  commutating  pole  and 
one  on  a  series  field  coil  or  a  shunt  field  coil.  The 
value  of  the  reports  will  depend  upon  the  accuracy  with 
which  these  reports  are  classified. 

After  the  inspectors'  reports  have  been  completed, 
little  time  is  required  to  transfer  the  records  of  failures 
to  the  various  inspectors'  sheets.  The  record  should  be 
kept  continuously  and  at  regular  intervals  the  sheets 
should  be  totaled  and  the  records  transferred  to  a  large 
motor  sheet  which  has  the  total  number  of  applications 
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of  any  one  line  of  motors.  Such  a 
large  total  sheet  would  be  of  the  same 
general  form  as  the  individual  inspec- 
tors' sheets,  with  some  additional 
columns.  These  are  obtained  from  the 
following  analysis : — 

1 — The  total  number  of  failures  on 
anv  one  application  should  be  compared 
with  the  total  failures  on  the  motors  of 
the  same  frame.  This  will  indicate 
whethor  any  one  motor  is  giving  more 
trouble  than  duplicate  motors  on  other  ap- 
plications through  the  mill. 

2 The    total    number    of    motors    of 

any  one  frame  which  have  failures  com- 
pared to  the  total  number  of  duplicate 
motors  in  the  mill.  This  will  indicate 
whether  single  motors  or  all  motors  of  one 
frame  size  are  giving  trouble. 

3 — The  total  number  of  failures  due 
to  any  one  cause  on  each  application 
compared  with  the  total  failures  on  that 
same  application.  This  will  indicate  at 
once  where  the  trouble  is  and  taken  with 
No.  1  give  an  immediate  check  on  every 
motor  in  the  mill. 

4 — The  total  number  of  failures  due 
to  any  one  cause  on  all  motors  of  the  same 
size  compared  to  the  total  number  of 
failures  due  to  all  causes  on  the  same  mo- 
tors. This  will  indicate  any  weakness  or 
general  defect  in  all  motors  of  the  same 
size. 

5 — The  total  number  of  failures  due 
to  any  one  cause  on  all  motors  of  the  line 
throughout  the  mill  compared  to  the  total 
of  failures  due  to  all  causes  on  the  same. 
This  will  indicate  any  weakness  or  general 
defect  in  all  motors  of  the  line. 

6 — The  total  number  of  the  motors 
which  have  failed  compared  to  the  total 
number  of  motors  of  the  same  line 
throughout  the  mill.  This  will  indicate 
the  extent  to  which  repairs  are  necessary 
throughout  the  mill. 

All  of  the  above  should  be  figured 
on  a  percentage  basis.  Table  IT  shows 
such  a  sheet  worked  out  for  a  steel 
plant.  An  analysis  of  Table  II  shows 
that  the  most  trouble  is  experienced 
with  frame  D  of  which  in  percent  re- 
quire repairs  annually,  70  percent  of 
the  failures  being  caused  by  commuta- 
tor trouble  and  14  percent  by  roasted 
armatures.  Naturally  the  superinten- 
dent will  tirst  investigate  the  operations 
to  which  this  size  of  motor  is  applied, 
after  which  frame  C  will  be  investi- 
gated. The  column  of  percent  total 
failures  shows  that  54  percent  of  all 
motor  repairs  are  caused  by  commuta- 
tor trouble  and  21  percent  b}-  roasted 
armatures,  other  troubles  being  rela- 
tively unimportant.  Both  of  these 
causes  indicate  faulty  application, 
rather  than  any  inherent  defects  in  the 
motors  themselves.  Commutation 
trouble  is  very  often  due  to  improper 
adjustment  of  control  or  unusual  start- 
ing and  braking  conditions.  A  graphic 
instrument    would    clearly    indicate  the 
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relation  between  llie  starting,  load  and  braking  cur- 
rent. If  unequal  jDeaks  are  obtained,  the  necessary 
adjustment  of  resistors  can  be  made  to  relieve  the 
motor. 

The  cycle  of  operation  of  the  majority  of  motors  in 
a  steel  plant  is  a  matter  of  seconds,  and  in  order  to  get 
a  proper  conception  of  what  is  occuring,  it  is  necessary 
to  use  graphic  instruments  having  high  paper  speed,  so 
that  the  operation  of  a  few  seconds  is  extended  over 
several  inches  of  paper.  In  the  case  of  direct-current 
motors  a  millivoltmeter  for  reading  the  load  current  and 
a  voltmeter  for  indicating  speed  are  needed.  The  latter 
is  connected  to  the   terminals   of   a   magneto   and   cali- 


FIG.    I — GRAPHIC    LO.AD   AND    SPEED   CURVES   OF    MAIN   TABLE  DRIVE 

Of  a  typical  blooming  mill.     Showing  sluggish  acceleration. 

brated  in  r.  p.  m.     The  majority  of  mill  applications 
are  reversing  and  a  zero  center  meter  i.s  preferable. 

As  a  typical  analysis  of  such  conditions,  the  opera- 
tors in  a  mill  complained  that  a  main  table  drive  for  a 
reversing  blooming  mill  was  sluggish,  requiring  too 
long  to  accelerate.  The  table  was  driven  by  two  com- 
pound motors  in  parallel  and  it  was  believed  that  one 
motor  was  carrying  more  than  its  share  of  the  load. 
Graphic  charts  were  taken  on  both  motors  of  load  cur- 
rent and  speed,  as  shown  in  Fig.  i.  A  clock  attach- 
ment on  the  two  meters  marked  seconds  as  shown. 
Such  an  attachment  helps  to  synchronize  the  charts. 
The  speed  curve  showed  a  slow  acceleration  and  the 
variation  in  current  peaks  on  the  two  motors  was  enough 
to  show  why  one  inotor  was  warmer  than  the  other. 
The  resistance  notches  were  adjusted  until  the  opera- 
tion of  both  was  as  shown  in  Fig.  2.     Thermometer 


readings  taken  after  this  was  done,  indicated  the  same 
temperature  rise  in  the  two  motors  and  the  steeper 
speed  curves  show  that  an  increased  speed  of  operation 
obtained. 


FIG.    2 — GRAPHIC  CURRENT  AND  SPEED  CURVES  OF   MAIN  TABLE  DRIVE 

After  adjustment  of  the   resistance  notches  to  give  increased 
speed  of  operation. 

An  analysis  of  the  curve  was  next  made  and  the 
root  mean  square  current  was  calculated  over  the  work- 
ing cycle  in  the  following  manner.  The  curve  was 
divided  into  second  periods  as  shown  in  Fig.  3  the  cur- 
rent value  at  the  middle  point  of  each  period  was 
squared  and  all  the  results  over  the  cycle  were  added. 
The  sum  was  divided  by  the  number  of  values  taken 
and  the  square  root  of  the  quotient  taken.  This  value 
represents  the  equivalent  continuous  current  over  the 
cycle  taken.  It  was  found  that  this  value  exceeded 
the  continuous  current  rating  of  the  motors.  Hence 
a  ventilating  system  was  laid  out  and  since  it  was  put 
in  operation  the  increased  rate  of  acceleration  has  been 
maintained  with  very  little  expense. 

On  a  blooming  inill  screw  down,  the  operators  com- 
plained they  could  not  set  the  screw  accurately  without 
trying  several  times.  A  test  was  made  and  at  once  the 
trouble   was   seen   in   the   low   dynamic   braking  peak. 


— Time-in-Sfcond 


FIG.    3 — ANALYSIS    OF    LOAD    CURVE   OF    FIG.    2 

To  find  the  r.m.s.  current  over  the  working  cycle. 

Part  of  the  braking  resistance  was  cut  out  until  a  quick 
accurate  stop  was  possible.  The  speed  curve  showed 
the  actual  increased  rate  of  deceleration. 

The  motor  inspectors  in  one  mill  complained  that 
they  were  having  trouble  with  a  number  of  controllers 
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on  light  auxiliaries.  The  controller  required  new  con- 
tacts two  or  three  times  a  week.  It  was  observed  that 
some  one  or  two  switches  were  burning  badly.  Some 
times  these  were  reversing  switches  and  sometimes  re- 
sistance contactors. 

Tests  were  taken  of  all  applications  which  were 
causing  complaint,  as  follows :— With  the  graphic  am- 
meter in  circuit  a  few  operating  cycles  were  recorded. 
It  was  found  the  motors  were  taking  very  high  peaks 
and  that  these  were  irregular.  In  some  cases  the  first 
contactor  would  cut  out  nearly  all  the  resistance,  in 
some  cases  the  second.  The  resistance  steps  were  then 
adjusted,  some  being  increased  and  others  decreased 
until  the  acceleration  peaks  were  regular  and  equal  and 
of  the  right  value  for  the  motors  under  test.  This 
would  invariably  bring  a  complaint  from  the  mill  opera- 
tors that  the  application  was  slow.  As  could  be  ex- 
pected the  controllers  were  now  behaving  normally. 
Keeping  the  acceleration  peaks  equal  and  the  control  in 
adjustment  the  resistance  steps  were  gradually  decreased 
and  the  current  peaks  increased  until  the  operators  were 
satisfied.  The  contactors  had  now  begun  to  crack  very 
sharply  again.  A  few  operating  cycles  were  again  re- 
corded on  the  meters.  This  test  was  repeated  on  every 
application  of  which  complaint  was  made. 

The  analysis  plainly  indicated  that  the  applications 
were  undermotored.  The  controllers  were  of  the 
proper  size  for  the  motors,  provided  the  motors  were 
not  too  heavily  overloaded.  The  operators  had  com- 
plained of  slow  operation  and  the  starting  resistance 
had  been  short-circuited  in  some  cases  without  consider- 


ing the  effect  on  the  motors  and  the  rest  of  control.  In 
some  cases  the  motors  were  carrying  four  and  five  times 
normal  starting  current  and  it  would  be  expected  that 
the  controllers  would  burn  badly.  In  some  other  cases 
the  high  peaks  were  caused  by  plugging  series  motors 
after  they  had  come  up  to  speed  on  very  light  friction 
loads.  It  was  recommended  that  some  of  the  series 
motors  be  replaced  by  compound  and  some  by  larger 
motors  and  corresponding  controllers. 

Experiments  were  made  on  one  blooming  mill  table 
not  because  it  was  actively  causing  trouble  but  to  try 
to  improve  conditions.  In  this  case  three  different  gear 
ratios  were  tried  out  from  motors  to  table  rollers. 
Graphic  current  curves  were  taken  and  the  operation  of 
each  arrangement  was  analyzed  for  rate  of  acceleration 
of  motors  in  r. p.m., of  table  in  feet  per  minute  and  ulti- 
mate speed  of  table  in  feet  per  minute  and  in  the  power 
demand  on  the  motor  with  different  ratios.  The  ratio 
best  suited  to  the  application  was  installed. 

These  are  only  a  few  examples  of  what  can  be 
done  by  intelligent  investigation.  Satisfactory  opera- 
tion in  the  mill  can  be  obtained  only  by  studying  the  de- 
mands of  the  application  and  using  the  equipment  which 
the  investigation  shows  is  needed. 

A  careful  and  systematic  analysis  of  all  motor  fail- 
ures together  with  a  study  of  the  operating  cycle  by 
means  of  graphic  instruments  whenever  motor  or  con- 
troller operation  seems  faulty,  will  materially  reduce 
the  maintenance  cost  of  the  electrical  equipment  in 
many  cases,  and  will  minimize  the  operating  delays  due 
to  such  causes. 
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SYNCHROSCOPES 


During  the  early  operation  of  the  alternating-cur- 
rent system  it  was  the  general  impression  that  alternat- 
ing-current generators  could  not  be  operated  in  parallel 
and  for  years  the  individual  generators  were  connected 
to  separate  circuits.  When  the  possibility  of  parallel 
operation  was  demonstrated,  synchronizing  was  done  by 
means  of  lamps,  but  as  the  generators  became  larger, 
the  requirements  of  a  more  sensitive  means  of  indicat- 
mg  the  exact  time  of  synchronism  became  apparent. 
The  first  instrument  of  this  type,  it  is  believed,  was  that 
provided  for  the  Niagara  Falls  installation,  which  con- 
sisted snnply  of  a  differential  induction  voltmeter  con- 
nected across  the  paralleling  switch,  whose  needle  was 
swung  away  from  the  zero  position  when  the  voltages 
of  the  two  generators  were  not  exactly  in  opposition. 
The  instant  of  synchronism  was  indicated  by  the  needle 
returning  to  the  zero  position,  which  it  did  periodically. 


Another  synchronizing  device  which  was  used  to  a 
certain  extent  was  known  as  a  growler.  This  instru- 
ment consisted  of  a  metal  diaphragm  which  vibrated 
after  the  fashion  of  the  diaphragm  in  a  telephone  re- 
ceiver, being  caused  to  vibrate  by  a  differential  magnet, 
one  of  the  coils  of  which  was  connected  across  the  bus- 
bars, and  the  other  across  the  incoming  machine.  The 
vibration  of  the  diaphragm  was  proportional  to  the  dif- 
ference between  phase  angles  between  the  incoming 
machine  and  the  bus-bars,  the  noise  being  loudest  when 
the  machines  were  entirely  out  of  phase,  and  being  silent 
when  the  machines  were  exactly  in  phase.  This  appar- 
atus had  the  same  disadvantages  that  synchronizing 
with  lights  does,  in  that  the  exact  instant  of  synchronism 
was  not  very  clearly  defined  and  also  it  did  not  indicate 
whether  the  incoming  machine  was  fast  or  slow. 

The  type  of  synchroscope  shown  in  Fig.  30  was 
a   great   improvement   over  previous   methods   of   syn- 
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chronizing  in  that  it  indicated  the  exact  instant  of  syn- 
chronism and  also  indicated  whether  the  incoming 
machine  was  running  fast  or  slow.  The  principle  of 
operation  of  this  instrument,  which  was  known  as  tlie 
inductor  type,  is  shown  in  Fig.  31,  in  which  coils  M,  N 
and  C  were  stationary  and  the  moving  system  consisted 
of  an  iron  armature  mounted  on  a  shaft  to  which  the 
pointer  was  attached.  A  rotating  torque  was  produced 
whose  frequency  was  equal  to  the  difference  between 
the  frequencies  of  the  machine  connected  to  the  syn- 
chroscope. 

A  variation  of  this  type  was  developed  by  Mr.  P. 
M.  Lincoln.  As  shown  in  Fig.  32,  this  instrument  acts 
as  an  induction  motor,  the  moving  element  rotating  at 
a  speed  which  is  equal  to  the  difference  in  frequencies 
of  the  machine  to  be  synchronized.  For  use  in  large 
stations  where  it  was  necessary  that  the  instrument  be 
visible  from  a  distance,  this  instrument  was  made  with 
a  36  inch  dial  similar  to  that  shown  in  Fig.  33,  a  tubu- 


two  moving  coils.  The  currents  in  the  voltage  coils 
differ  from  each  other  in  phase  and  depend  on  the  phase 
relations  of  the  voltage  and  current  of  the  circuit  for 
their  phase  relation  to  the  current  in  the  stationary  coils. 
Another  type  of  power-factor  meter  shown  in  Fig. 
36  is  built  on  the  magnetic  vane  principle.  A  rotating 
field  is  produced  in  the  coils  M,  N  and  R  of  the  three- 
phase  meter  by  connecting  them  in  series  with  different 
phases.  The  movable  iron  vane  to  which  the  pointer 
is  attached,  is  excited  with  single-phase  flux  from  the 
coil  C  whose  current  is  in  phase  with  the  voltage  of  one 
phase  of  the  circuit.  As  the  iron  vane  will  be  attracted 
or  repelled  by  the  fields  of  the  coils  M,  N  and  R,  it  takes 
up  a  position  where  the  zero  of  the  rotating  field  occurs 
at  the  same  instant  as  the  zero  of  its  own  field  thus  in- 
dicating the  angle  of  phase  difference.  In  this  form  of 
meter  no  connection  is  required  between  the  fixed  and 
moving  elements  and  as  there  are  no  moving  coils  there 
are  no  delicate  flexible  connecting  leads.  Hence  the 
pointer  is  capable  of  continuous  rotation  and  can  there- 


FIG.   30 — INDUCTOR    TYPE    SYNCHROSCOPE 

lar  incandescent  lamp  being  attached  to  the  pointer  and 
the  letters  F,  S  and  the  synchronous  position  being 
lighted  by  internal  lamps.  A  still  further  development 
of  the  synchroscope  is  the  automatic  synchronizer 
shown  in  Fig.  34,  which  automatically  establishes  the 
circuits  which  close  the  switch  of  the  incoming  machine 
at  the  instant  of  synchronism,  provided  the  difference 
in  speeds  is  within  a  certain  predetermined  minimum. 

POWER-FACTOR   METERS 

Until  the  commercialism  of  the  induction  motor, 
little  attention  was  paid  to  the  power-factor  and  fre- 
quency of  alternating-current  circuits,  as  their  power- 
factor  was  always  fairly  good  and  the  exact  frequency 
made  very  little  difference.  However,  after  the  grow- 
ing induction  motor  loads  began  to  decrease  the  power- 
factors  of  the  circuits  and  the  synchronous  motor  and 
rotary  converter  became  available  for  power-factor  cor- 
rection, power-factor  meters  were  constructed  along  the 
same  lines  as  the  other  types  of  switchboard  instru- 
ments. Two  types  of  power-factor  meters  have  been 
in  general  use.  In  one,  which  is  built  upon  the  moving 
coil  principle,  as  shown  in  Fig.  35,  the  moving  element 
has  two  voltage  coils  fixed  at  right  angles  to  each  other 
and  the  stationary  coils  are  parallel  to  the  axis  of  the 
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FIG.    31 — SCHEMATIC    DIAGRAM     OF    INDUCTOR    TYPE    SYNCHROSCOPE 

fore  indicate  any  angle  of  lag  or  lead  with  forward  or 
reversed  power. 

Any  power-factor  meter  by  changing  the  scale  can 
be  converted  to  a  reactive  factor  meter  indicating  the 
sine  of  the  angle  of  lag  or  lead  rather  than  the  cosine. 

It  is  interesting  to  note  that  these  instruments  in- 
dicate the  angle  of  lag  or  lead  rather  than  the  true 
power-factor  of  the  circuit  and  that  there  is  no  meter 
in  common  use  which  indicates  true  power-factor.  How- 
ever, the  difference  is  usually  negligible  except  on  cir- 
cuits having  a  very  distorted  wave  shape,  or  on  unbal- 
anced polyphase  circuits. 

FREQUENCY  METERS 

Early  frequency  indications  were  obtained  by  not- 
ing the  speed  of  a  generator  either  by  means  of  a  speed 
counter  or  by  the  indication  of  a  millivoltmeter  con- 
nected to  a  magneto-generator  which  in  turn  was  belted 
or  geared  to  the  alternator  shaft.  One  of  the  earliest 
commercially  successful  frequency  meters  was  in- 
troduced by  Hartman  and  Braun,  and  is  based  on  the 
principle  of  resonance.  A  group  of  steel  stripes  having 
successively  higher  natural  periods  of  vibration  are 
fastened  to  a  base  and  subjected  to  a  series  of  magnetic 
pulls  whose  frequency  is  equal  to  that  of  the  circuit  to 
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be  measured,  when  that  reed  whose  natural  frequency 
corresponds  closely  to  that  of  the  circuit  will  respond. 
A  modern  meter  of  this  type  is  shown  in  Fig.  37- 

Another  type  of  frequency  meter  operates  on  the 
same  principle  as  the  magnetic  vane  type  of  ammeter 
and  voltmeter.  Two  coils  set  at  right  angles  to  one 
another  are  excited  by  current  having  a  90  degree  phase 
relation  produced  by  the  split-phase  principle.  The 
direction  of  the  resultant  field  is  determined  by  the  ratio 
of  the  currents  in  the  coils,  which  is  in  turn  dependent 
on  the  frequency.  The  needle  which  is  attached  to  the 
magnetic  vane  then  indicates  the  direction  of  this  mag- 
netic field.  Still  another  type  which  is  dependent  on 
the  induction  principle,  is  shown  in  Fig.  38.  It  consists 
of  two  induction  voltmeter  elements,  tending  to  move  a 
disc  in  opposite  directions.  One  of  the  elements  of  the 
disc  is  in  series  with  a  resistor  and  the  other  with  a  re- 
actor, so  that  any  change  in  the  frequency  changes  the 

relative  strengths  of  the  two 
elements  and  causes  rotation. 
With  a  perfectly  round  disc 
this  rotation  would  be  con- 
tinuous, but  the  shape  of  the 
disc  is  such  that  rotation 
changes  the  area  of  the  disc 
under    the    elements,     which 


ilarly  the  three-phase  detector  has  three  stationary 
vanes,  connected  through  condensers  to  the  three  lines 
and  a  central  movable  grounded  vane  which  moves 
away  from  the  fixed  vane  connected  to  a  grounded  line. 

GENERAL  METER  CHARACTERISTICS. 

Practically  all  of  the  types  of  instruments  hereto- 
fore described,  except  those  depending  upon  gravity  for 
their  operation  have  been  manufactured  in  both  portable 
and  switchboard  forms.  The  portable  forms  were,  of 
course,  made  smaller,  their  principle  characteristics  be- 
ing ruggedness  rather  than  extreme  accuracy.  The 
portable  instruments  were  also  designed  for  a  maximum 
of  serviceability  and  hence  the  voltmeters  were  usually 
provided  with  double  scales  giving  two  maximum  scale 
readings,  and  were  also  frequently  provided  with  multi- 
pliers or  resistors  which  could  be  connected  in  series 
with  them  for  use  on  high  voltages.  Similarly  direct- 
current  ammeters  were  provided  with  shunts  of  various 
sizes  to  give  a  wide  range  of  usefulness  and  alternating- 
current  ammeters  were  similarly  provided  with  curent 
transformers.     The  most  generally  useful  instruments 


FIG.  32 — SCHEMATIC  DIAGRAM 
OF    MOTOR    TYPE    SYNCHRO- 
SCOPE 


FIC.     33 — MOTOR     TYPE     SYN- 
CHROSCOPE   WITH     ILLUMI- 
NATED   POINTER 
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produces  a  stable  condition.  This  special  construc- 
tion of  the  disc  obviates  any  necessity  for  control 
springs. 

GROUND  DETECTORS 

With  the  earlier  circuits  a  ground  detector  con- 
sisted simply  of  two  lamps  connected  in  series  across 
the  line  with  the  connection  between  them  grounded. 
Normally  each  lamp  burned  at  half  brilliancy,  but  a 
ground  on  one  line  caused  the  lamp  connected  to  that 
line  to  go  out  while  the  other  burned  at  full  brightness. 
Where  the  voltage  was  too  high  for  two  lamps  or  for  a 
group  of  lamps  in  series,  a  small  transformer  was 
supplied.  However,  with  the  higher  voltages  now  com- 
mon in  generating  stations  the  electrostatic  ground  de- 
tector shown  in  Figs.  39  and  40  became  more  generally 
useful.  The  single-phase  detector  consists  of  two 
stationary  vanes  which  were  connected  through  conden- 
sers to  the  lines,  and  a  movable  vane  which  is  connected 
to  ground.  A  ground  on  one  line  causes  the  needle  to 
swing  away  from  the  vane  connected  to  that  line.     Sim- 


FIG.   34 — AUTOMATIC    SYNCHRONIZER 

for  portable  service  have  been  of  the  D'Arsonval  type 
for  direct-current  instruments  and  the  dynamometer, 
magnetic  vane  and  induction  types  for  alternating  cur- 
rent. 

Laboratory  Instruments — In  instruments  of  this 
type,  extreme  accuracy  is  an  essential  but  semi-port- 
ability is  also  desirable.  For  many  years  the  Weston 
semi-portable  laboratory  standard  was  the  only  instru- 
ment of  this  kind  available,  and  this  instrument  formed 
a  standard  against  which  portable  instruments  were 
checked  in  many  central  stations  and  universities.  As 
there  was,  at  that  time,  no  satisfactory  alternating-cur- 
rent standard  meter,  alternating-current  portable  and 
switchboard  instruments  were  calibrated  on  direct  cur- 
rent. This  meter  was  of  the  D'Arsonval  type,  of  the 
same  general  construction  as  of  the  Weston  portable  in- 
struments, but  having  larger  permanent  magnets  and 
more  sensitive  moving  elements,  and  a  longer  pointer 
and  scale,  the  scale  being  arranged  with  five  circular 
lines  and  a  triangular  cross  line  between  each  division, 
producing  a  vernier  effect.     Although  not  dependent  on 
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the  action  of  gravity  it  was  provided  with  a  spirit  level 
and  always  used  in  exactly  a  horizontal  position.  Other 
similar  laboratory  instruments  of  the  D'Arsonval  type 
were  subsequently  brought  out  by  other  manufacturers. 

To  meet  the  demand  for  alternating-current  pre- 
cision instruments  the  Kelvin  current  balance  was  sold 
in  this  country  to  some  extent,  but  its  use  commercially 
was  practically  eliminated  by  the  introduction  of  the 
Westinghouse  precision  instruments  of  this  same 
general  type  previously  described  and  illustrated  in 
Figs.  15  and  16  (July  '18). 

Switchboard  Instruments — The  main  requirements 
of  the  switchboard  indicating  meter  are  somewhat  dif- 
ferent from  those  of  portable  in- 
struments. Weight  is  usually  a 
secondary  consideration,  but  they 
require    a    large    scale    to    provide 

|0K   L^S^ 


many  large  stations  the  horizontal  edgewise  instruments 
shown  in  Fig.  42  and  especially  the  vertical  edgewise 
meters  shown  in  Fig.  43  were  especially  satisfactory. 
These  latter  meters  were  of  the  D'Arsonal  type  for  di- 
rect current  and  usually  of  the  induction  type  for  al- 
ternating current,  their  principal  usefulness  occuring 
in  500  volt  street  railway  switchboard  and  110-220  volt 
Edison  stations  and  substations  in  a  few  of  the  larger 
cities.  The  inherent  disadvantages  of  the  vertical 
or  horizontal  scale  and  the  type  of  pointer  which  is 
necessitated  thereby  have,  however,  caused  these  latter 
meters  to  be  superseded  in  many  cases  by  the  smaller 
sizes  of  the  round  type  meters. 


/ron  Armature 


FIG.      35— DYNAMOMETER      OR 
MOVING    COIL   TYPE    POWER- 
FACTOR     METER 


Volfa^e  Cm/ 

Magnetizing  Armature 


FIG.    36 — MOVING    IRON    TYPE    POWER-FACTOR    METER 


legibility  at  a  distance  and  they  must  also  be 
compact  so  as  not  to  require  too  much  space 
on  the  switchboard.  The  requirements  of  legi- 
bility led  to  the  large  illuminated  dial  instruments  such 
as  that  shown  in  Fig.  41.  These  instruments  are  oper- 
ated on  the  principles  previously  described,  usually 
D'Arsonval  for  direct  current  and  dynamometer  or 
magnetic  vane  for  alternating  current,  simply  being 
made  larger  with  a  longer  pointer  and  with  a  ground 
glass  scale  which  could  be  lighted  from  the  rear.  An 
adjustable  pointer  was  usually  provided  on  voltmeters 
to  indicate  the  normal  position  to  the  indicating  needle. 


So  far  as  general  usefulness  for  either  switchboard 
or  portable  work  is  concerned,  practically  any  of  the 
types  described  will  operate  satisfactorily,  the  difiference 
between  two  different  instruments  depending  more  upon 
care  in  design  and  delicacy  and  accuracy  in  workman- 
ship than  upon  the  principle  of  operation.  D'Arsonval 
instruments  are  of  course  limited  to  direct-current  and 
induction  meters  to  alternating-current.  Static  instru- 
ments are  little  used  and  hot  wire  instruments  are  com- 
mercially limited  to  high  frequency  circuits.  A  com- 
parison of  the  principal  characteristics  of  the  different 
types  is  given  in  Table  I. 


FIG.    37 — FREQUENCY   METER  OF  THE  VIBRATION   TYPE 

Where  space  requirements  were  more  rigid  the  long 
scale  of  the  round  induction  instruments  proved  very 
advantageous.  Where  the  space  requirements  were  still 
more  rigid  as  for  instance,  in  the  distributing  panels  of 


FIG.    38 — INDUCTION   TYPE   FREQUENCY    METER 

Mounting  of  Moving  Parts — Freedom  from  fric- 
tion is  an  essential  in  any  indicating  instrument.  In  the- 
earliest  instruments  the  moving  elements  were  sup- 
ported by  a  torsion  thread  as  in  the  galvanometers  or 
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on  a  single  point  steel  pivot  as  in  the  compasses  used 
with  the  earlier  sine  and  tangent  galvanometers.  The 
early  Siemans  dynamometers  were  also  supported  in  this 
way,  and  hence  require  to  be  carefully  leveled  before 
using.  In  those  switchboard  instruments  which  de- 
pended upon  gravity  for  their  operation  a  pair  of  knife 
edges  forms  a  reliable  and  practically  frictjonless  sup- 
port.    The  requirements  of  portability,  however,  soon 


FIG.    39 — SINGLE-PHASE    STATIC   GROUND   DETECTOR 

lead  to  pivoting  the  shaft  of  the  moving  element  at  both 
ends  as  the  balance  wheel  of  a  watch  is  pivoted,  and  in 
practically  all  of  the  finer  instruments,  jewel  pivot  cups 
are  provided. 

At  the  same  lime  the  elimination  of  friction  allows 
a  sudden  impulse  to  swing  the  needle  far  beyond  its 
true  position  and  permits  it  to  oscillate  for  some  time 
before  coming  to  rest,  so  that  with  fluctuating  loads  it 
was  almost  impossible  to  obtain  a  reading.  One  of  the 
great  advantages  of  the  early  D'Arsonval  instruments 
was  their  dead  beat  characteristic,  produced  by  the  fact 
that  the  moving  element  rotated  in  a  stationary  mag- 
netic field.  Such  a  method  of  damping  is  practically 
impossible  with  the  moving  iron  or  dynamometer  instru- 
ments and  dampers  were  provided  for  these  instruments 
in  the  form  of  light  fans  attached  to  the  pointer.     The 


FIG.   40 — POLYI-HASE    STATIC    GROUND    DETECTOR 

great  disadvantage  of  this  fan  was  the  greatly  increased 
weight  added  to  the  moving  element  which  tended  to 
increase  the  friction  and  decrease  the  sensibility  of  the 
instruments;  nor  was  it  as  effective  as  the  magnetic 
action  in  the  D'Arsonval  instrument.  To  obviate  the 
need  of  such  a  fan,  various  forms  of  friction  devices 


were  used,  consisting  usually  of  a  light  wire  rubbing 
against  the  pointer,  or  a  damper  rubbing  against  a  light 
metal  disc  mounted  on  the  spindle.  The  friction  device 
was  released  from  contact  by  a  button  on  the  outside 
of  the  case,  in  some  types  when  the  button  was  pressed, 
and  in  others  when  it  was  released.  Some  meters  were 
equipped  with  both  a  fan  and  a  friction  device.     Other 


FIG.  41 — THOMSON    ASTATIC   ILLUMINATED   DIAL  VOLTMETER 

So  far  as  classification  is  concerned,  this  instrument  is  a 
hybrid.  It  may  be  considered  as  a  double  D'Arsonval  type  in- 
strument, in  which  the  permanent  magnets  are  replaced  by 
separately-excited  soft  iron  cores,  the  retarding  springs  are 
replaced  by  iron  control  pieces  located  in  leakage  gaps  of  the 
same  electromagnets,  and  the  shape  and  arrangement  of  the 
pole  pieces  and  the  moving  coils  are  such  that  it  is  independent 
of  the  influence  of  stray  fields — whence  the  name.  The  ratio 
of  torque  to  weight  of  moving  element  is  high,  and  is  not 
affected  by  ordinary  fluctuations  in  the  exciting  circuit.  It 
can  be  used  only  on  direct-current. 

meters,  especially  of  the  magnetic  vane  type,  in  which 
the  moving  element  is  light,  were  not  damped,  but  relied 
upon  a  spring  at  each  end  of  the  scale  to  absorb  the 
shock  of  a  sudden  impulse  without  bending  the  needle. 
It  is  unfortunate  that  damping  is  most  difficult  to  ac- 
complish on  the  alternating  current  instruments  where 
it  is  most  needed,  because  the  torque  is  proportional  to 
the  square  of  the  current.  Hence,  one  of  the  great  ad- 
vantages of  the  induction  type  alternating  current  in- 
struments is  the  dead  beat  characteristic  which  can  be 


FIG.   42 — THOMSON  INCLINED  COIL  HORIZONTAL  EDGEWISE  AMMETER 

produced  by  some  form  of  magnetic  damping,  which 
Strongly  opposes  any  large,  sudden  movement,  but  offers 
no  opposition  to  slight  or  slow  movements. 

COMPENSATED  INSTRUMENTS 

The  principle  of  compensation,— that  is  adjusting  a 
meter  so  that  its  reading  will  be  corrected  automatically 
for  certain  conditions,  was  early  recognized.     One  of 
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the  earliest  uses  of  this  principle  was  in  making  a  cen- 
tral station  voltmeter  read  the  voltage  at  the  center  of 
distribution  by  bucking  the  voltmeter  coil  by  another 
coil  excited  by  the  drop  over  a  resistance  in  series  with 
the  line,  or  by  the  current  in  the  secondary  of  a  series 
transformer.  Such  devices  were  in  use  as  early  as 
1888.  As  circuits  became  longer  and  more  complicated, 
compensators  were  designed  which  could  be  adjusted 
independently    for   ohmic    and    reactance    drop.      This 


must  remember  that  electrical  experiments  have  been 
performed  for  over  a  century  with  the  aid  of  powerful 
batteries,  whereas  the  commercial  use  of  electricity 
covers  less  than  50  years.  The  retarding  effect,  pro- 
duced on  a  moving  conductor  in  a  strong  magnetic  field, 
was  utilized  in  some  of  the  earliest  electrostatic  meters 
and  solenoid  instruments,  in  which  the  permanent  mag- 
nets were  introduced  solely  to  reduce  oscillations  of 
the  needle,  as  well  as  in  the  D'Arsonval  instruments. 


T.XBLE   I— GENER.M.  CHARACTERISTICS  OF  METER  TYPES 


Meier 
Characteristics 

Static 

Hot 
Wire 

D'Arson- 
val 

Dynamo- 
meter 

Kelvin 
Balance 

Moving 
Iron 

Induction 

Accuracy 

Fair 

Fair 

High 

High 

High 

Good 

Good 

D.  C.  or  A.  C. 

Both 

Both 

D.  C. 

Both 

Both 

Both 

A.  C. 

Frequency  and 
Wave  Form 

No 

No  (2) 

No 

No 

Slight 

Slight 

Stray 

Magnetic 

Fields 

No 

No. 

Slight 

Only  when 

of  same 

frequency 

No. 

Yes 

Slight  and  only 

when  offsame 

frequency 

External 
Static  Fields 

Yes 

No 

Slight 

Yes 

No 

Yes 

Slight 

Temperature  (1) 

No 

Slight 

Slight 

Slight 

Slight 

Slight 

Slight 

ij  \     Reading 

A 

With 
Square 

Direct 
proportion 

A 

With 
square 

A 

A 

"  1    Angular 
'    Deflection 

Short 

Geared  for 
any  length 

Medium 

Short  (3) 

None  (4) 

Short 

Long '  mf 

Ratio  Torque 
to  Weight 

Low- 

High 

High 

Low 

Low 

Low 

High 

A — Normally  the  deflection  is  proportional  to  the  square  of  the  current  or  voltage  and  <Hrectly 
proportional  to  the  watts ;  but  this  can  be  modified  by  changing  the  shape  and  position  of  the 
mo\ing  element, 

(1) — In  general,  ammeters  are  free  from  temperature  errors,  e-xcept  as  temperature  affects  the 
Itermeability  of  the  iron,  while  voltmeters  and  w  altmeters  are  subject  to  such  errors,  but  in  this  con- 
nection a  shunted  ammeter  must  be  considered  as  a  millivoUmeter.  and  subject  to  such  errors. 

(2) — Skin  effect  may  introduce  errors  in  hea\  y  current,  high  frequency  meters. 

(3)— Zero  reading  dynamometer  instruments  have  a  long  scale — nearly  360°. 

(4) — ICeUin  balance  type  precision  instruments  have  a  zero  reading  scale,  with  long  scale  range. 


FIG.   43 — WESTINGUOUSE   INDUCTION    TYPE   VERTICAL   niAL   AMMETER 

form  of  compensation  is  still  in  use  for  central  station 
voltmeters  and  for  automatic  voltage  regulators. 

A  somewhat  different  form  of  compensation  was 
used  to  correct  wattmeters  for  their  own  losses.  It  is 
impossible  to  connect  a  wattmeter  so  it  will  not  measure 
the  loss  in  one  of  its  coils.  But  as  the  loss  in  the  shunt 
coil  is  constant  at  any  voltage,  it  is  possible  to  compen- 
sate for  this  loss  by  winding  a  few  turns  in  the  opposite 
direction  around  the  shunt  coils,  these  turns  being  in 
some  instruments  connected  to  the  binding  posts  in  such 
a  manner  that  they  could  be  connected  into  or  omitted 
from  the  circuit  at  discretion.  This  is  of  importance 
only  in  low  range  instruments. 

Still  another  form  of  compensation  is  exempliiied 
by  the  "iron-loss  voltmeter"  which  is  adjusted  to  read 
not  the  actual  voltage  of  the  circuit  to  which  it  is  con- 
nected, but  the  sine  wave  voltage  of  normal  frequency 
which  is  equivalent  to  the  actual  voltage,  frequency  and 
wave  shape  of  the  circuit  to  which  it  is  connected.  It 
is  useful- in  testing  iron  loss  of  transformers  or  other 
apparatus  which  are  guaranteed  on  a  sine  wave  basis, 
but  which,  by  reason  of  local  conditions,  must  be  tested 
under  somewhat  abnormal  conditions. 

CONCLUSION 

To  appreciate  fully,  at  how  early  a  date  the  prin- 
ciples of  electrical  measurement  were  understood,  one 


where  the  damping  effect  was  more  incidental.  Simi- 
larly the  use  of  a  very  light  magnetic  circuit  on  sole- 
noid or  magnetic  vane  instruments,  which  would  be- 
come saturated  on  low  magnetizations  and  thus  tend  to 
produce  a  proportional  scale  where  normally  the 
pointer  deflection  would  vary  with  the  square  of  the 
current,  was  taken  advantage  of  in  some  of  the  earliest 
instruments.  In  fact  the  importance  of  a  uniform  scale 
was  over-emphasized  in  many  of  the  earlier  instru- 
ments, involving  a  sacrifice  in  accuracy.  Knife  edge 
pointers  swinging  over  a  mirror  to  avoid  parallax  errors 
have  been  in  use  for  at  least  35  years;  and  with  the 
single  exception  of  induction-type  meters,  no  funda- 
mentally new  principles  of  meter  design  have  been  de- 
veloped during  this  same  period  of  time. 

Contrary  to  almost  all  other  electrical  equipment, 
instrument  development  has  not  been  furthered  by  the 
tremendously  rapid  growth  in  the  size  of  modern  cen- 
tral stations.  The  growth  of  a  station  from  10  000  to 
100  000  kw  has  meant  big  problems  for  the  generator 
designer,  and  for  the  circuit  breaker  engineer.  The  in- 
strument builder  has  merely  enlarged  the  cross-section 
of  his  shunts  or  increased  the  number  of  primary  turns 
on  the  current  transformers  feeding  the  ammeters  and 
wattmeters.  The  voltmeter,  the  frequency  meter,  and 
the  .synchroscope,  are  the  same  in  the  larger  station  as 
in  the  smaller  one.  Nor  would  there  seem  to  be  any 
reason  apparent  why  these  same  instruments  will  not 
be  entirely  adequate  for  some  time  to  come. 


ZERO  POWER-FACTOR  LEADING  CURRENT 
Short-circuit  ratio  ^  I.5 
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F.  D.  Newbury 

WHEN  leading  current  flows  in  an  alternator  arm-  true  only  when  it  is  assumed  that  the  voltage  is  constant 
ature,  the  effect  of  the  armature  reactance  and  at  its  normal  value.  Under  the  condition  of  self-exci- 
reaction  is  to  reduce  the  field  current  that  is  tation,  discussed  later,  when  the  terminal  voltage  in- 
necessar}'  to  maintain  constant  voltage.*  If  the  lead-  creases  until  stopped  by  saturation,  higher  terminal 
ing  current  has  a  sufficientl>  high  value,  its  magnetiz-  ^^gLE  I-PERCENT  GENERATOR  EXCITATION  WITH 
ing  effect  may  become  great  enough  to  make  the  alter- 
nator self -exciting;  that  is,  it  will  generate  normal  vol- 
tage without  any  field  excitation ;  and,  if  the  armature 
current  is  increased  beyond  this  \alue,  the  voltage  can 
be  held  down  to  normal  only  by  reversing  the  direction 
of  the  field  current.  In  Fig.  9  (p.  256  July),  showing 
the  voltage  and  flux  conditions  at  zero  power-factor 
with  rated  leading  current,  it  is  seen  that  the  field  cur- 
reiit  has  been  reduced  to  20  percent  of  its  no-load  value 
by  the  magnetizing  effect  of  field  load  current.  In  this 
particular  case,  it  would  require  only  a  small  increase  voltages  are  involved  an'd  a  greater  degree  of  satura- 
tion e.xists,  but  still  to  a  considerably  less  degree  than 
with  lagging  currents,  and  the  same  terminal  voltage. 

The  values  of  excitation  corresponding  to  various 
armature  currents  may  be  determined  quite  simply 
since,  neglecting  the  small  armature  resistance  volt- 
age, the  arithmetical  difference  between  the  terminal 
voltage  and  the  reactance  voltage  is  the  induced  voltage 
and  the  difference  between  the  ampere-turns  corre- 
sponding to  this  induced  voltage  and  the  armature  re- 
action (in  equivalent  field  ampere-turns)  is  the  field 
ampere-turns.  Excitations  for  various  load  currents 
for  the  particular  generator  previously  used  as  an  ex- 
ample (Fig.  10,  July)  are  given  in  Table  I.  These 
figures  are  based  on  20  percent  reactance  voltage  and 
armature  reaction  equivalent  to  50  percent  of  no-load 
normal  voltage  field  ampere-turns.  With  the  satura- 
tion curve  of  Fig.  10  (July),  these  figures  result  in  a 
short-circuit  ratio  of  1.5.  If  it  be  assumed  that  with 
the  same  armature  winding,  but  with  a  smaller  air-gap, 
the  alternator  still  has  20  percent  reactance,  but  the 
armature  reaction  is  equivalent  to  83  percent  of  the  re- 

TABLE     II  — PERCENT     GENERATOR     EXCITATION 

WITH  ZERO  POWER-FACTOR  LEADING  CURRENT 

Short-circuit  ratio  =  i.o 
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With   zero   power-factor  leading  current. 

in  leading  current  to  further  reduce  the  field  current  to 
zero. 

Saturation  plays  a  much  less  important  part  when 
the  condition  of  leading  current  e.xists  than  with  lag- 
ging current.  With  lagging  current,  an  induced  voltage 
higher  than  the  terminal  voltage  must  be  generated  and 
this  involves  high  magnetic  densities  and  increased 
ampere-turns.  With  leading  currents,  an  induced  volt- 
age lower  than  the  terminal  voltage  is  generated  so  that 
in  this  case  saturation  affects  the  results  only  near 
zero  armature  current  and  then  only  to  the  extent  that 
the  no-load  saturation  curve  below  normal  voltage  de- 
parts  from  a   straight  line.       This  latter   statement   is 
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*This  article  should  be  read  as  a  continuation  of  the 
author's  contribution  on  "Variation  of  Alternator  Excitation 
with  Load"  in  the  July  '18  issue  of  the  Journal.  See  also  the 
article  on  "Characteristics  of  Alternators  when  Excited  by 
Armature  Currents"  by  F.  T.  Hague  in  the  Journal  for  Aug., 
'15.  p.  368. 


duced  no-load  field-ampere-turns,  the  new  short-circuit 
ratio  (again  referring  to  Fig.  10)  is  i.oo.  For  this 
generator,  the  excitations  required  for  different  lead- 
ing armature  currents  are  shown  in  Table  II. 
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The  data  of  Tables  I  and  II  are  plotted  in  Fig.  i. 
Near  zero  armature  current  the  curve  bends  slightly  on 
account  of  the  bend  in  the  no-load  saturation  curve  near 
normal  voltage.  With  more  than  half  load  current, 
the  relation  between  armature  current  and  excitation 
is  a  straight  line.  If  the  small  eflfect  of  saturation 
were  neglected,  these  excitation  curves  would  cross  the 
line  of  zero  field  excitation  at  the  current  equal  to  nor- 
mal current  times  the  short-circuit  ratio.  For  example, 
with  a  short-circuit  ratio  of  unity,  the  magnetizing  ef- 
fect of  the  armature  would  equal  the  no-load  normal 
voltage  field  excitation  at  rated  armature  current.  On 
account  of  saturation,  this  equality  exists  at  a  somewhat 
lower  armature  current. 

Thus  far,  it  has  been  assumed  that  the  condenser 
load,  originating  the  leading  current,  has  been  variable, 
and  that  the  alternator  excitation  has  been  under  con- 
trol, in  direction  as  well  as  in  magnitude,  so  that  a 
constant  terminal  voltage  could  be  maintained.  These 
conditions  might  exist  in  the  case  of  an  alternator  con- 
nected to  a  transmission  line  having  a  large  synchron- 
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FIG.    2 — SATURATION    CURVES    OF    TYPICAL    ALTERNATORS 

ous  condenser  at  the  receiver  end.  Another  practical 
set  of  circumstances  tliat  sometimes  deserves  attention 
occurs  when  an  alternator  is  connected  to  an  unloaded 
transmission  line.  If  the  admittance  of  the  line  as  a 
condenser  is  high  and  the  magnetizing  effect  of  the 
armature  current  is  also  high,  that  is,  if  the  alternator 
short-circuit  ratio  is  low,  the  alternator  may  become 
self-exciting  and  generate  an  objectionably  high  voltage 
before  a  stable  voltage  is  reached.  It  is  assumed  that 
the  exciting  current  cannot  be  reversed  and  so  control 
the  voltage.  It  requires  a  transmission  line  of  consid- 
erable length  operated  at  a  voltage  higher  than  100  000 
volts,  before  self -exciting  conditions  will  be  encoun- 
tered. A  rough  idea  of  the  conditions  under  which 
this  action  may  take  place  is  given  by  the  following  ex- 
ample.* A  transmission  line,  designed  to  transmit 
50000  kw  at  90  percent  power- factor,  140000  volts, 
60  cycles,  for  120  miles,  has  a  total  charging  current 


of  52.5  amperes  per  phase.  This  is  roughly  one-quarter 
of  the  rated  line  current.  If  the  generating  units  were 
12000  kv.a.,  or  less,  in  capacity,  one  alternator  con- 
nected to  the  line  would  probably  be  self -exciting,  and 
would  generate  normal  voltage  or  higher.  It  is  as- 
sumed that  the  generator  short-circuit  ratio  is  in  the 


FIG.   3 — SATURATION    CONDITIONS    REQUIRED    FOR    STABLE 
SELF-EXCITATION 

neighborhood  of  unity.  If  this  ratio  is  higher,  a 
smaller  unit  could  be  safely  connected  to  the  unloaded 
line. 

An  alternator  when  excited  by  leading  current  in 
its  armature  winding  has  voltage  characteristics  quite 
similar  to  a  direct-current  series  generator.  In  both, 
any  increase  in  armature  current  results  in  a  propor- 
tional increase  in  excitation;  the  generator  will  be  self- 
exciting  only  when  the  load  circuit  has  a  sufficiently 
high  admittance;  and,  when  self-exciting,  the  genera- 
tor will  increase  its  terminal  voltage  and  current  until 
the  load  current  requires  as  large  a  terminal  voltage 
(because  of  line  drop)  as  it  will  produce  by  its  mag- 
netizing action  in  the  alternator.  In  addition,  the  al- 
ternator armature  current  generates  a  voltage  in  the 
winding,  by  reactance,  that  adds  to  the  voltage  induced 
by  the  armature  reaction  flux. 

Under  conditions  of  self-excitation,  the  saturation 
curve  of  the  alternator  is  considerably  straighter  than 
when  the  same  terminal  voltage  is  produced  by  field  ex- 
citation without  load.  An  appreciable  part  of  the 
terminal  voltage,  in  the  former  case,  is  produced  by 
armature  reactance  that  does  not  require  any  flux  in  the 
major  part  of  the  magnetic  circuit;  also,  the  flux  in  the 
field  structure  is  further  reduced  by  the  absence  of  flux 
leakage  from  pole  to  pole  that  exists  when  the  flux  is 

TABLE  III-PERCENT  GENERATOR  EXCITATION 


Armature 
Amperes 


50 
100 
150 
200 


MaKneti/itiK  > 
Effect  of     j 

Arm.  .\nips. 
{expressed  in 

Fid.  Amps.) 


Induced 

\'olts  {from 

Curve  B  and 

Col.  2 


Reactance 
I     \-olts 


Terminal 
\olts 


25 
50 

75 
100 


30 
60 

87 
105 


10 
20 
30 
40 


40 

80 

117 

145 


♦The  transmission  line  calculations  are  given  in  Section  11, 
paragraph  24,  Fourth  Edition  of  the  Standard  Handbook. 


produced  by  ampere-turns  on  the  field  poles.  These 
matters  will  be  made  clear  by  reference  to  Fig.  2. 
Curve  A  is  the  ordinary  no-load  saturation  curve  of  the 
alternator  previously  shown  in  Fig.  10  (July)  ;  curve  B 
is  this  saturation  curve  modified  by  the  omission  of  the 
ampere-turns  required  by  pole  leakage;  cui-ve  C  is  the 
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same  as  curve  B,  except  that  the  exciting  ampere-turns 
(on  the  horizontal  scale)  are  expressed  in  armature 
amperes  instead  of  in  field  amperes;  and  curve  D  is 
curve  C  with  the  addition  of  the  reactance  volts.  The 
method  of  obtaining  curves  C  and  D  is  evident  from 
Table  HI.  The  importance  of  the  shape  of  the  satura- 
tion curve  lies  in  the  fact  that  it  is  saturation  that  limits 
the  generated  voltage.  With  any  value  of  line  capacity 
sufficiently  high  to  produce  self-excitation,  the  voltage 
and  current  would  increase  indefinitely  were  it  not  for 
saturation.  The  condition  for  stable  terminal  voltage, 
in  either  the  series  direct-current  or  self-excited  alter- 
nating-current generator,  is  equality  between  the  line 
terminal  voltage  required  to  circulate  a  given  current 
and  the  generator  voltage  produced  by  that  same  cur- 
rent. In  Fig.  3  curve  OA  is  the  saturation  curve  D  of 
Fig.  2.  The  straight  line  OC  gives  corresponding  values 
of  line  current  and  terminal  voltage  for  an  assumed 
transmission  line  such  that  the  line  charging  current 
at  rated  voltage  is  140  percent  of  the  generator  rating. 
This  would  be  equivalent  to  connecting  a  6000  k.v.a. 


generator  to  the  5001x1  k\\  line  previously  cited.  At 
any  current  \alue,  these  two  curves  show  the  available 
vohage  for  circulating  current  (curve  OA)  and  the  re- 
quired voltage  (curve  OC')-  Where  they  cross  (at  208 
percent  rated  runperes  and  14S  jiercent  rated  voltage) 
these  \(iltages  just  balance  and  this  is  the  point  of  stable 
current  and  voltage.  Obviously,  it  would  be  imsafe, 
both  from  the  standpoints  of  generator  heating  and 
from  maximum  line  voltage  to  connect  a  generator  f)f 
this  size  to  this  [larticular  line.  If  two  such  genera- 
tors were  connected  to  the  line,  the  curve  OC  would  be 
replaced  1)\-  curve  OD.  wliich  shows  that  tlie  generators 
would  not  be  self-exciting  as  at  no  current  \';diie  is  tlie 
generated  voltage  suthcient  to  circulate  the  current.  In 
these  circumstances  held  excitation  would  be  necessary. 
\\  lielher  a  generator  will  be  self-exciting  depends 
on  : — 

a — The  total  charging  current  of  the  line. 

b — The  relation  between  the  line  charging  current  and  rated 
generator  current. 

c — The  armature  reaction,  reactance  and  shape  of  the  satu- 
ration curve  of  the  generator. 


E.  G.  Reed 
REACTANCE  coil  or  reactor  is  composed  of      rent  through  the  coil. 


/  \  one  or  more  turns  of  a  conductor  linking  with  a 
■*  ^  magnetic  circuit,  which  may  be  air  or  metal. 
When  a  voltage  is  impressed  on  such  a  coil,  a  current 
flows  which  may  be  thought  of  as  the  magnetizing  cur- 
rent of  its  magnetic  circuit.  An  ideal  reactance  coil 
would  be  one  in  which  the  current  flowing  with  a  given 
impressed  voltage  would  be  90  degrees  behind  the  volt- 
age in  time-phase  relation.  Since  there  is  a  voltage 
drop  in  the  conductor  which  is  in  phase  with  the  cur- 
rent, such  a  condition  cannot  exist,  and  a  reactance  coil 
is  in  reality  an  impedance  coil  with  the  reactance  ele- 
ment predominating. 

The  rating  of  a  reactance  or  impedance  coil  at  a 
given  frequency  might  be  given  in  ohms,  but  as  such  a 
rating  gives  no  clue  to  its  current-carrying  capacity  it 
is  usuallv  given  in  k.v.a.  The  rating  is  the  product  of 
the  voltage,  expressed  in  kilovolts,  required  to  force  a 
given  current  through  the  coil  and  the  value  of  the  cur- 
rent in  amperes. 

The  reactance  of  a  coil  with  an  air  magnetic  cir- 
cuit is  small,  so  that  a  large  current  is  established  by 
a  small  impressed  voltage.  The  reactance  is  small 
because  the  reluctance  of  the  magnetic  circuit  is 
large  and  a  large  current  is  required  to  establish  a  given 
flux  density  and  thus  produce  a  given  counter  electro- 
motive force.  Therefore,  in  order  to  produce  any  con- 
siderable counter  electromotive  force,  a  relatively  large 
number  of  turns  or  a  large  area  of  the  magnetic  circuit 
is  required.  On  the  other  hand  with  an  iron  magnetic 
circuit  a  large  voltage  is  required  to  send  a  small  cur- 


P>y  putting  a  gap  in  the  iron  cir- 
cuit, its  reluctance  is  increased  so  that  the  ampere-turns 
required  to  establish  a  given  magnetic  density  are  also 
increased.  Any  desired  step  between  a  circuit  of  air 
and  one  of  iron  may  be  secured  by  placing  air-gaps  in 
the  circuit.  There  are  therefore  three  types  of  react- 
ance coils  as  follows: — 

1 — With  a  magnetic  circuit  of  air. 

2 — With  a   magnetic  circuit   of   iron. 

3 — With  a  magnetic  circuit  of  iron  having  air-gaps. 

One  of  the  main  problems  in  designing  air  reactors 
is  to  keep  the  eddy-current  loss  in  the  conductor  to  a 
reasonably  low  value.  The  problem  in  this  respect  is 
similar  to  that  described  in  part  II  under  Copper  Loss.* 

W  ITU   A   MAGNETIC  CIRCUIT  01"  AIR 

The  voltage  drop  across  a  reactance  coil  without 
iron  is  proportional  to  the  current  flowing,  because  air, 
which  has  a  constant  permeability,  forms  the  magnetic 
circuit.  For  applications  where  the  voltage  is  required 
to  vary  directly  with  the  current  flowing,  up  to  such  a 
\alue  as  will  heat  the  copper  to  the  permissible  limit 
in  a  relatively  short  time,  the  air  reactor  is  preferable. 
.\ir  reactors  have  a  number  of  applications,  among  tiiem 
being: — 

I — Standards  fur  precise  measurements. 

2 — Coils   for  reactance  circuit-breakers. 

3 — To  counterbalance  the  etTcct  of  distributed  capacity  in 
transmission  lines. 

4 — bi  transmission  lines,  to  protect  against  lightning  dis- 
turbances. 

S — To  protect  generator  and  feeder  circuits  against  short- 
circuits. 


*In  the  Journal  for  August  191 7,  p.  308. 
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As  far  as  the  calculation  is  concerned  the  simplest 
form  of  a  reactor  is  that  of  a  long  solenoid  shown  in 
Fig.  I.  For  such  a  coil  the  inductance,  in  abhenrys 
is: — 

4Tr  a"  T' 


L 


I 


where  a  is  the  mean  radius  of  the  coil,  /  its  length  in 
centimeters  and   T  its  number  of  turns.     When  L  is 
expressed  in  henr\s  and  the  dimensions  in  inches,  this 
e(|uation  becomes: — 
/  .o  a-  T- 


L  = 


(/) 


I6'       I       

While  there  is  a  considerable  error  in  this  formula 
due  to  the  end  effect,  the  variations  in  L  due  to  changes 
in  /  are  almost  exact!}-  proportional  to  the  change  in  /. 
Therefore  it  may  be  used  without  error  for  calculating 
variations  of  L  due  to  changes  in  /.  The  counter  e.m.f. 
of  this  coil  \s  2tt  fLI,  where  /  is  the  frequency  and  / 
the  current  flowing  in  amperes.  Therefore  by  the  use 
of  ecjuation  (i)  : — 


2n      fa-  r- 1 


6.3S      fa-  r-  J 

X  


(^) 


/v    -         I 

E.xample — What  is  the  voltage  and  k.v.a.  rating  of  a  re- 
actor which  has  the  following  constants?  /=  60;  o  =:  8.82; 
r  =  400 ;  /  =  S3 ;  /  =  50. 

From  equation   (2)  : — 

6.2S       60  X  S.Sf^  X  400-',X  5?  ,       „ 

^  =  -^  X =  196  volts. 

496  X  53 

With  a  current  of  53  amperes  the  rating  is — - —   or 

26.2  k.v.a. 

The  simple  form  of  solenoid  reactor  shown  in  Fig. 
I  does  not  give  a  maximum  reactance  value  for  a  given 


FIG.    I — RE.'VCTOR  IN   THE  FORM   OF  \   LONG   SOLENOID 

amount  of  material  and  therefore  practical  reactors, 
particularly  of  the  feeder  circuit  protective  type  which 
are  usually  of  fairly  large  size,  are  not  built  in  this  form 
and  their  calculation  is  therefore  more  involved.* 

The  form  of  circular  reactor  shown  in  Fig.  2, 
where  a  section  through  the  coil  is  a  square,  approaches 
more  closely  to  the  most  economical  proportions.  It 
has  further  been  found  that  for  a  coil  of  this  form,  in 
order  to  obtain  a  maximum  inductance  for  a  given 
weight  of  conductor,  the  ratio  a-^b  should  be  equal  to 
7.^7.  Substituting  this  relation  in  Weinstein's  formulEe 
given  in  the  Bulletin,*  which  is  ap[>licable  to  a  coil  of 
square  cross-section,  gives  : — 
a  r- 


(i) 


-'jS  X  /o' 

where  L  is  expressed  in  henrys  and  a  in  inches. 

Since  the  counter  e.m.f.  of  the  coil  is  j-tt  fLI,  from 
equation    (3)  : — 
/  a  I  T- 


E  = 


U) 


3SX  lo'' 

Example— What  is  the  counter  e.m.f.  of  the  coil  given  in 
the  preceeding  example  when  operating  on  a  60  cycle  circuit 
and  with  a  current  of  53  amperes  flowing? 


*The  Bulletin  of  the  Bureau  of  Standards,  Vol.  8,  No.  i, 
gives  a  very  extensive  collection  of  formulae  for  the  calculation 
of  reactance  coils  of  all  proportions. 


From   equation    (4)  : — 

_       60  X  S.S2  X  5i  X  400- 

^  =  3S  X  10^ "^" 

If  1 180  volts  will  force  approximately  53  amperes  through 

1180  X  53 


this  coil  its  capacity  rating  will  be 


or  63  k.v.a. 


If  practical  considerations,  as  for  example  heating 
or  floor  space  re(juirements  for  current  limiting  re- 
actors, require  a  departure  from  the  coil  of  square 
cross-section,  a  dift'erent  formula  must  be  used. 

WITH  .\  .\iai.;ni;tic  circuit  of  iron 

Reactors  with  a  magnetic  circuit  of  ircju  have  a 
very  limited  field  of  application.  Shunt  coils  for  the 
individual  lamps  of  a  series  incandescent  lighting  cir- 
cuit form  one  special  application  of  this  class.  For  this 
case  instead  of  starting  from  a  formula  for  the  induct- 
ance, it  is  preferable  to  start  from  the  fundamental 
equation  of  the  transformer,  since  the  reluctance  of 
the  iron  as  compared  to  the  air  magnetic  circuit  is 
much  easier  to  calculate.  At  a  given  voltage  E  and 
frequency  /  the  coil  must  have  its  number  of  turns  T 
the  square  inches  A^  of  the  cross-section  of  the  mag- 
netic circuit,  and  the  magnetic  flux  density  in  gausses 
B  so  related  as  to  satisfy  this  fundamental  equation. 
For  this  case,  equation  (5)  in  Part  IV*  becomes: — 


n 


FIG.   2 — REACTOR   WITH    A 
MAGNETIC    CIRCUIT    OF    AIR 

Feeder   circuit   protective 
type. 


FIG.    3 — SECTION    OF    A     MAG- 
NETIC    CIRCUIT 

Showing  the  fringing  of 
the  magnetic  flux  at  an 
air-gap  in  an  iron  circuit. 


E  = 


J 


-7.T  Ai  B 


(5) 


;.S  X  /y'' 

Example — What  is  the  counter  electromotive-force  of  a 
reactor  with  an  iron  magnetic  circuit,  which  has  the  following 
constants?     /  =  60;  T  =  250;  /},  =  1.5;  B  =  17100. 

From   equation    (s)  : — 
60 


E  = 


—  X  230  X  /.5  X  1 7 100  =  //()  \'olls 


'.?.5  X  /o'> 

The  current  which  this  voltage  will  force  through 
the  coil  when  impressed  on  its  terminals,  depends  on 
the  reluctance  of  its  magnetic  circuit.  The  value  of 
this  current  may  be  calculated  from  the  permeability 
of  the  material,  but  the  most  practical  method  is  to 
calculate  it  from  a  curve  similar  to  that  in  Part  III, 
Fig.  5.** 

Example — What  current  will  no  volts  force  through  the 
reactance  coil  given  in  the  preceeding  example  which  has  4.9 
pounds  of  iron  in  its  magnetic  circuit,  if  the  magnetic  induction 
is  17100  gausses? 

From  a  curve  similar  to  that  in  Fig.  5,  Part  III,  but  which 
gives  a  greater  range  of  values,  the  apparent  watts  is  taken 
as  (30  watts  per  pound.     The  total  apparent  loss  is  90  X  49  o"" 

440 
140  watts  and  the  current  supplying  this  loss  will  be    —    or 

4  amperes.     If  approximately  no  volts  is  required  to  force  4 


*In  the  JouKNAi.  for  Nov.  1917,  p.  476. 
**In  the  Journal  for  Sept.  1917,  p.  359- 
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amperes  through  a.   reactance  coil,   its   rating  will   be-      j^^jg 

or  0.44  k.v.a. 

Any  change  which  affects  the  rekictaiice  of  the  cir- 
cuit will  change  the  current  which  will  pass  through 
the  coil.  For  example,  slight  gaps  between  the  punch- 
ings  where  they  butt  together  will  change  this  reluct- 
ance. If  the  voltage  impressed  on  the  coil  changes,  the 
permeability  of  the  iron  changes.  Therefore  the  cur- 
rent flowing  through  the  coil  will  not  be  proportional 
to  the  voltage  impressed  on  its  terminals.  However 
the  current  increases  appro.ximately  as  the  voltage  up 
to  the  point  where  the  iron  begins  to  be  saturated,  after 
which  point  the  current  will  increase  faster  than  the 
voltage. 

It  is  practical  to  build  reactors  with  a  closed  iron 
magnetic  circuit  only  for  small  current  ratings,  due  to 
the  low  reluctance  of  such  a  circuit,  and  consequently 
the  practical  application  of  these  coils  is  very  limited. 
When  any  considerable  current  capacity  is  required  it 
is  necessary  to  increase  the  reluctance  of  the  magnetic 
circuit  by  introducing  air-gaps. 

WTTTI    A    M.AGNETIC    CIRCUIT    OF    IRON    HAVING    AIR-GAPS 

In  this  case  the  relation  between  the  impressed 
voltage,  frequency,  number  of  turns,  area  of  magnetic 
circuit  and  induction  is  the  same  as  that  given  in  equa- 
tion (5).  Also  the  current  which  will  flow  througii  the 
coil  with  a  given  impressed  voltage  depends  on  the  re- 
luctance of  the  magnetic  circuit. 

For  reactance  coils  with  air-gaps  in  the  magnetic 
circuit,  practically  the  entire  magnetomotive  force  is 
concentrated  on  the  gaps,  since  the  reluctance  of  the 
iron  parts  of  the  circuit  is  relatively  so  small  that  it 
may  be  neglected.     For  the  gap. 


/■■/«.i 
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Where  h  and  .-Jb  are  the  length  and  sectional  area 
of  the  gap  respectively. 
This  becomes 
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When  H  is  expressed  as  the  maximum  value  of  the 
flux  density  in  the  air-gap  and  U  is  expressed  in  inches. 
In  the  gap  the  flux  fringes  out  approximately  as  shown 
•"  Fig-  3,  and  therefore 

[a  +  4)   (A  +  /,)  '■ 
Where  a  and  b  are  the  dimensions  of  the  iron  sec- 


tion at  the  air-gap  and  B  is  the  maximum  value  of  the 
flux  density  in  the  iron.  This  expression  may  be  put 
into  the  form, 

ah 

"  ~  I.  [a  +  h)  +  a/>  ^ 

if  l^"  which  is  a  small  quantity  be  neglected.  Sub- 
stituting this  value  of  H  in  equation  (6)  gives 

(a  H-  /-)  I A 


=  ^'[ 


'  + 


ah 


(7) 


The  effect  of  this  fringing  is  not  considerable  for 
small  gaps  in  the  neighborhood  of  one  eighth  of  an 
inch  or  less,  but  becomes  an  increasingly  important  fac- 
tor as  the  length  of  the  gap  increases. 

Example — What  current  will  a  voltage  impressed  on  a 
reactance  coil  such  as  to  develop  a  flux  density  of  10  000 
gausses  in  the  iron,  force  through,  under  the  following  condi- 
tions?    T  =  400;  a  =  2.7;  /g  =  0.1 ;  Z>  =  5,4. 

From  equation   (7)  : — ■ 

,.  1 0000  y.  u.i 

=  3.4  amperes 


0.7  X  400 


h  (17*77)-'] 


If    approximately    1000    volts    are    required    to    force    3.4 

amperes  through  a  reactance  coil,  its  rating  will  be ^'^ 

1000 
or  3.4  k.v.a. 

With  a  given  number  of  ampere  turns  it  is  often 

important  to  determine  the  length  of  the  air-gap  which 

will  give  a  reluctance  sufficient  to  prevent  the  magnetic 

density  in  the  iron   from  exceeding  a   specified  value. 

For   this   purpose   equation    (7)    may   be   put    into   the 

form. 


A. 


B 


a   -\-  b 


(5) 
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Example — What  is  the  length  of  air-gap  in  the  magnetic 
circuit  required  to  give  a  flux  density  of  10 000  gausses  in  the 
iron,  under  the  following  conditions?  IT  =:  1400;  a  =  27-  i 
=   5.4. 

From   equation    (8)  : — 


/..  = 


^■7  +5-4 


=  0.1  ^  inch 


O.J  X   1400       2.J  X  i,.4 

In  general  if  the  voltage  of  a  reactor  is  not  re- 
quired to  vai-)-  directly  with  the  current  for  values  con- 
siderably in  excess  of  its  normal  full-load  current  rat- 
mg,  the  coil  with  an  iron  magnetic  circuit  will  be 
cheaper.  The  iron  magnetic  circuit  reactor  also  has 
the  advantage  that  the  magnetic  flux  is  confined  to  the 
iron  circuit,  while  the  air  coil  sets  up  a  strong  field  in 
its  immediate  neighborhood. 

The  design  of  the  reactance  coil  for  a  minimum 
cost,  with  the  iron  and  copper  working  densities  fixed, 
is  worked  out  exactly  as  for  a  transformer;  taking  into 
account  that  the  volume  of  the  air-gap  is  to  be  sub- 
tracted from  the  total  volume  of  the  magnetic  circuit. 
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CRANES  are  used  for  hoisting  and  lowering  heavy 
weights  and  for  moving  them  short  distances. 
Practically  all  power  cranes  are  now  operated  by 
electric  motors.  Some  small  sized  cranes  are  operated 
by  hand,  but  the  convenience  of  electric  power  and  its 
almost  universal  distribution  have  led  to  its  use  even 
on  the  smaller  cranes. 

The  best  results  are  obtained  with  direct-current 
series-wound  motors.  These  motors  have  a  speed-tor- 
que characteristic  which  gives  fast  operation  on  light 
loads  and  enables  the  motor  to  adapt  itself  to  the  load 
requirements  in  the  best  possible  manner.  Where  al- 
ternating current  only  is  available,  slip-ring  induction 
motors  prove  satisfactory  and  there  are  many  cases 
where  the  difference  in  performance  between  direct  and 


(103 

James 

clutches,  this  load  brake  was  retained  and  a  plain  re- 
versing controller  was  used.  A  further  study  of  this 
problem  showed  that  the  series  motor  could  be  con- 
nected as  a  shunt  generator  when  lowering,  thereby 
eliminating  the  load  brake  and  saving  power.  This 
change  was  introduced  about  1910  and  has  since  become 
universal  practice  on  all  new  crane  equipment. 

All  hoisting  motors  have  a  friction  brake  moimted 
on  the  motor  shaft.  This  brake  is  released  by  a  magnet 
when  the  motor  is  operated.  The  brake  winding  is  in 
series  with  the  direct-current  motors  and  in  shunt  with 
alternating-current  motors.  In  some  cases  an  addi- 
tional brake  of  this  type  is  placed  on  the  secondar>- 
shaft,  tlie  double  brake  equipment  giving  added  insur- 
ance against  dropping  the  load.     The  motors  operating 


FIC     l_SIX-TOV      HAMMER-HEAD    TYPE    SHIP-BUILDING    CRANE 

The  crpnc  travels  on  Hacks  and  has  a  portal  sufficiently  high  to  span  a  box  car.  It  is  equipped  with  20  hP>>ist  and 
crane-travel  motors  and  5  hp  racking  and  revolving  motors.  The  crane  is  58  feet  from  track  to  bottom  hne  of  boom  and  So 
feet  from  center  line  of  portal  to  end  of  boom. 


alternating-current  motors  would  not  warrant  the  in- 
troduction of  converting  apparatus. 

All  types  of  cranes  have  a  hoist  motion  and  travel- 
ing cranes  have  a  bridge  and  trolley  motion  in  addi- 
tion. Other  forms  of  cranes  have  their  particular  form 
of  translating  motion  in  addition  to  the  hoist.  By  far, 
the  largest  number  of  electrically  operated  cranes  are  of 
the  traveling  crane  type. 

When  the  crane  was  operated  from  the  steam  en- 
gine through  the  medium  of  shafting  and  clutches,  it 
was  necessary  to  provide  a  load  brake  to  retard  the 
lowering  of  the  load.  This  brake  made  it  necessary  to 
exert  power  in  the  lowering  direction  to  make  the  load 
descend.  These  load  brakes  are  of  a  very  ingenious 
construction  and  usually  arranged  so  that  the  friction 
load  is  proportional  to  the  load  on  the  hook.  When  the 
electric  motor  was  substituted  for  the  line  shafting  and 


the  trolley  and  bridge  are  usually  stopped  by  plugging 
or  reversing  the  motor.  The  movement  of  the  trolley 
is  slow  and  no  difficulty  is  experienced  in  handling  it. 
Usuallv  the  bridge  is  equipped  with  a  foot  brake  which 
may  be  used  instead  of  plugging  the  motor  or  as  an 
added  safety  feature  should  anything  happen  to  tlie 
electrical  equipment. 

Small  cranes  are  frequently  operated  from  the 
floor.  The  controller  is  provided  with  a  spfing  for  re- 
turning it  to  the  central  position  and  ropes  are  attached 
to  an  operating  wheel  or  sheave  on  the  controller  shaft 
so  arranged  that  the  operator  can  control  the  motors  by 
pulling  one  or  the  other  of  these  ropes  from  the  floor. 
Larger  cranes  have  a  cab  for  the  operator.  This  cab  is 
attached  to  the  bridge  and  contains  tlie  control  equip- 
ment. Some  very  large  cranes  have  the  cab  attached  to 
the  trolley.    This  is  known  as  a  "man  trolley". 
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The  scheme  of  control  is  shown  diagramatically  in 
Fig.  2  for  the  hoist  and  Fig.  3  for  the  bridge  or  trolley. 
Various  schemes  of  control  have  been  devised  for  the 
hoist,  that  shown  being  in  most  general  use  at  present. 
The  diagrams  indicate  a  contactor  form  of  control  but 
the  same  connections  may  be  made  with  a  drum  con- 
troller. Drum  controllers  are  in  common  use  with  the 
smaller  cranes  and  magnetic  contactor  controllers  on 
the  larger  cranes.  The  dividing  line  is  roughly  about 
50  hp,  but  the  class  of  service  and  frequency  of  opera- 
tion are  the  determining  factors.  The  magnetic  contac- 
tor control  is  more  durable  but  also  more  expensive  and 
takes  up  additional  room.  When  a  manual  controller 
is  used,  either  of  the  drum  type  or  some  other  design, 
it  is  desirable  to  provide  a  protective  panel   for  each 


It  is  desirable  to  provide  a  means  for  limiting  the 
upward  travel  of  the  crane  hook.  This  is  usually  done 
by  a  limit  switch.  The  diagram  in  Fig.  4  shows  the 
connections  for  an  electrical  limit  switch  using  a  contac- 
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FIG.   2 — CONNECTIONS   FOR    HOIST  CONTROLLER 

FIG.   3 — CONNECTIONS    FOR   BRIDGE   OR   TROLLEY    CONTROLLER 

FIG.   4 — CONNECTIONS    FOR    A    HOIST    CONTROLLER 

With  an  electric  limit  switch. 

FIG.    5 — CONNECTIONS    FOR    A    HOIST    CONTROLLER 

With   a   mechanical   limit   switch.     Switches   No.   7   and  8  are 
normally  open  and  No.  9  and  10  are  normally  closed. 

crane.  One  of  these  panels  is  shown  in  Fig.  11.  It  con- 
sists of  a  slate  panel  having  mounted  on  it  a  knife 
switch,  two  single-pole  contactors,  one  overload  relay 
for  each  motor  circuit,  and  one  relay  in  the  common 
return  wire.  This  latter  is  called  a  "totalizing  relay" 
and  sometimes  two  of  them  are  furnished,  one  for  each 
side  of  the  line.  These  relays  provide  automatic  over- 
load protection  for  each  of  the  motors,  as  well  as  for 
the  complete  system.  The  knife  switch  is  provided 
with  means  for  locking  it  in  the  open  position  so  that 
an  attendant  may  lock  the  switch  open  when  he  is  work- 
ing on  the  crane.  Each  controller  may  be  provided 
with  a  contact  for  resetting  the  relays  when  the  handle 
is  in  the  off  position  or  a  reset  push  button  may  be  used. 


FIG.    6 — 75   TON   FULL-PORTAL  CRANE* 

This  crane  has  a  54  ft.  radius  and  is  54  ft.  from  track  to 
pivot  pin.  Hoist  motor,  80  hp ;  crane  travel  motor,  25  hp ; 
rotating  motor,  33  hp. 

tor  and  Fig.  5  for  the  mechanical  limit  switch.  These 
limit  switches  may  either  be  geared  to  the  hoisting  drum 
or  operated  by  the  hoisting  block  through  mechanical 
means.  The  limit  switch  corresponding  to  the  diagram 
in  Fig.  5  consists  of  a  rotating  shaft  having  a  quick 
make  and  break  attachment.  When  the  shaft  is  rotated 
through  a  given  angle,  the  movable  element  of  the 
switch  is  snapped  from  the  normal  position  to  the  emer- 
gency position,  which  disconnects  the  motor  from  the 
line  and  applies  dynamic  braking.  When  the  hook  is 
lowered  a  short  distance,  a  weight  or  spring  moves  the 
shaft  back  to  its  normal  position  and  the  switch  is 
snapped  back,  establishing  the  regular  connections. 


FIG.    7—1.5   TON    SE.MI-l'OUTAL   CRANE 

This  crane  is  equipped  with  a  33  hp  hoist  motor;    15  hp 
crane-travel  motor  and  7.5  hp  rotating  motor. 

The  magnetic  contactor  control  consists  of  a  slate 

panel  having  mounted  on  it  the  magnetic   contactors, 

knife  switches  and  overload  relays.  No  protective  panel 

is  used  in  connection  with  this  form  of  control,  as  the 

safety   features  are  embodied  in   the  controller  itself. 


*Cranes  shown  in  Figs.  I,  6  and  7  built  by  Heyl  &  Patter- 
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The  master  switch  usually  consists  of  a  small  drum 
type  controller  mounted  in  front  of  the  operator.  The 
contactor  panel  itself  is  usually  mounted  in  the  upper 
part  of  the  cab  above  the  operator's  head.  This  re- 
quires a  longer  cab  than  is  necessaiy  with  the  manual 
controller. 

The  most  common  form  of  manual  controller  is 
of  the  drum  type.  This  gives  a  very  convenient  and 
compact  form  of  controller  but  one  which  is  subject  to 
considerable  wear  for  the  larger  sized  motors.  In  order 
to  provide  a  more  durable  form  of  manual  controller, 
various  forms  of  face  plate  and  grindstone  types  have 
been  devised.  These  controllers  are  usually  quite  heavy 
and  have  a  great  many  exposed  parts  which  endanger 
the  operator.  Recently  some  attempts  have  been  made 
to  cover  up  these  controllers,  but  this  has  added  to  their 
bulk  so  that  fewer  of  them  are  used  than  formerly. 


FIG.  8 — operator's  cab  of  a  traveling  crane 
Showing  cam  controller  and  crane  protective  panel. 

A  new  form  of  controller  is  being  manufactured 
which  embodies  many  of  the  good  features  of  both  the 
drum  type  and  the  contactor  type  of  controller.  It  is 
mounted  in  the  form  of  a  drum  controller  and  consists 
of  a  series  of  contactors  operated  by  cams,  the  cam 
shaft  taking  the  place  of  the  drum  cylinder.  One  form 
of  this  controller  is  illustrated  in  Fig.  lo.  The  opera- 
tion of  a  cam  contactor  is  shown  in  Fig.  9.  The  con- 
tacts are  made  in  the  same  manner  as  with  a  magnetic 
contactor  and  the  same  contacts  are  used,  which  makes 
the  parts  interchangeable.  The  same  blowout  is  used 
so  that  the  rupturing  of  the  arc  takes  place  in  as  effi- 
cient a  manner  as  the  ordinary  magnetic  contactor. 
The  cam  gives  a  quick  motion  for  opening  and  closing 
so  that  it  is  difficult  to  just  touch  the  contactor.  On  ac- 
count of  the  contactors  moving  in  a  horizontal  plane 
and  the  air  space  being  restricted  by  the  drum  mount- 
ing, these  controllers  are  not  recommended  for  as  large 
motors  as  the  magnetic  contactor  type.  They  form, 
however,  a  very  valuable  intermediate  step  and  may  be 


used  even  with  the  smallest  motors,  as  they  are  avail- 
able in  small  sizes.  The  controller  itself  is  lighter  than 
a  drum  controller  and  the  construction  is  such  that 
various  combinations  can  easily  be  obtained ;  for  in- 
stance, the  plain  reversing  controller  for  the  bridge  ser- 


FK:.    9 — CAM   CONTACTOR 

Showing  contacts  open,  beginning  to  close  and  closed,  illustrat- 
ing the  rolling  contact. 

vice  differs  from  the  hoist  controller  only  in  the  cam 
shaft,  the  balance  of  the  controller  being  the  same. 
The  bridge  motion  controller  can  be  used  for  either  al- 
ternating or  direct-current  motors  by  simply  changing 
the  connections.  Where  alternating-current  motors 
are  used,  dynamic  braking  cannot  easily  be  obtained  so 
that  the  load  brake  is  still  used  requiring  the  hoisting 
motor  to  be  operated  under  load  when  lowering.  This 
makes  the  alternating-current  controller  the  same  for 
the  bridge  and  trolley  motions.  The  cam  controller  can 
be  connected  to  the  alternating-current  motor  to  start 
up  with  single-phase  secondary,  which  gives  a  small 
starting  torque  and  corresponding  slow  speed  for  light 
loads.  For  the  bridge  service,  the  same  controller  is 
used  with  both  phases  closed  on  the  first  notch.  The 
adaptability  of  this  design  of  controller  and  the  use  of 
interchangeable  parts  with  the  magnetic  contactor  con- 
trol will  reduce  the  spare  parts  carried  in  stock.  The 
rolling  contact  is  acknowledged  to  be  the  best  by  all 
engineers  and  it  should  be  used  wherever  possible. 


FIG.    10— CAM   CONTACTOR 
TYPE  OF  DRUM   CONTROLLER 


FIG. 


Il^CRANE     PROTEC- 
TIVE   PANEL 


The  present  demand  for  cranes  is  very  great  on 
account  of  war  work,  which  has  focused  the  attention 
of  engineers  on  this  apparatus,  and  many  improvements 
are  being  made  in  the  design  of  cranes  and  the  electrical 
equipment  for  them. 
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A  good  example  of  a  special  design  of  heavy  cranes 
is  illustrated  in  Fig.  12.  This  shows  a  iSO-ton  elec- 
trically-operated revolving  pontoon  crane,  which  is  per- 
haps the  largest  ever  constructed  in  the  United  States. 
The  pontoon  contains  a  complete  boiler  plant  and  an 
engine-driven  generator,  which  supplies  the  electric  cur- 
rent  for  operating  the  various  motions  of  the  crane. 


matically  locked  by  means  of  friction  brakes  to  pre- 
vent the  possibility  of  dropping  the  load.  The  crane 
motions  consist  of  a  main  hoist  of  150  tons  divided  into 
two  parts  of  75  tons  each.  These  hoists  are  fixed  on 
the  boom.  In  addition,  there  is  an  auxiliary  hoist  of 
25  tons  capacity,  which  is  movable  up  and  down  the 
boom.     A  rotating  motion   is  obtained  by  two  60  hp 


FIG.    12 — 150-TON    ELECTRICALLY-OPERATED    REVOLVING    PONTOON    CRANE* 

Pontoon  150  feet  by  85  feet  and  15  feet  depth.     Two  60  hp  main  hoisting  motors  and  one  60  hp  auxiliary  hoist  motor. 
Two  60  hp  rotating  motors.     Two  60  hp  boom  hoist  motors. 


The  crane  is  controlled  from  a  small  house  mounted 
above  the  pontoon  deck  by  means  of  master  control- 
lers; one  operator  is  able  to  control  all  of  the  motions 
of  the  crane.  When  the  load  is  lowered,  the  motors 
operate  as  generators  and,  in  case  of  accidental  inter- 
ruption of  electric  current,  the  crane  motions  are  auto- 


motors  and  the  boom  hoist  is  operated  from  the  vertical 
to  an  angle  of  30  degrees  by  two  screws  operated  from 
60  hp  motors.  In  addition  to  the  crane  proper,  the  pon- 
toon is  equipped  with  four  electrically-operated  cap- 
stans, one  in  each  corner. 


*Crane  built  by  VVellman-Seaver-Morgan  Co. 


tUR  subscribers  are  invited  to  use  this  department  as  a  means  of  securing 

autlientic  information  on  electrical  and  mechanical  subjects.    The  topics 

should   be  of  i^eneral  interest;  information  invoI\"inti  the  specific  dcsii^  of 

Individual  pieces  of  apparatus  is  not  supplied.      Care  should  be  used  to 

include  all  data  necessary  for  an  intelligent  answer. 


A  FERSON.AL  reply  is  mailed  to  each  questioner  enclosing  a  stamped,  self 
addressed  envelope  as  soon  as  the  necessary  information  can  be  obtained. 
Anonymous  questions  cannot  be  considered.  As  e.ach  question  is  answered 
by  an  expert  on  the  subject  in\oUcd,  and  checked  by  at  least  two  others, 
a  reasonable  length  of  time  should  be  allowed  before  expecting  an  answer. 


1640 — Spark  Voltages — In  testing  mag- 
netos, under  conditions  given  as  fol- 
lows, we  find  that  we  do  not  get  re- 
liable results  : — for  example,  a  mag- 
neto which  will  generate  a  sufficient 
voltage  at  500  r.p.m.  and  will  jump 
0.020  inch  gap  in  a  spark  plug  under 
75  lbs.  to  the  square  inch  pressure 
will    occasionally    miss    fire    and    will 


also  miss  fire  if  the  air  pressure  is 
reduced  to  as  much  as  60  lbs.  per 
square  inch.  Then,  another  condi- 
tion is  met  with,  this  is,  that  if  we 
use  a  spark  plug  insulated  with  porce- 
lain, and  another  insulated  with 
mica,  although  the  gap  conditions  are 
the  same,  such  as  striking  distance, 
material  and  shape  of  points,  there  is 


a  difference  in  the  action  between  the 
porcelain  and  mica  insulation.  An- 
other case  is  where  the  same  magneto, 
passing  a  test  in  one  shop  under  a 
set  of  conditions,  will  not  test  the 
same  in  another  shop.  Such  incon- 
sistency makes  it  very  difficult  for 
two  inspections  at  different  times  to 
duplicate     results.     The     writer     has 
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made  a  considerable  number  of  ex- 
periments on  spark  gaps  and  spark 
plugs  but  in  spite  of  these  tests  has 
not  been  able  to  establish  a  positive 
set  of  conditions  by  means  of  which 
magnetos  may  be  compared  and  re- 
sults duplicated.  j.g.z.  (ill.) 

In  testing  high-tension  sparks  such  as 
are  used  for  the  operation  of  gasoline 
engines,  there  are  so  many  variable  con- 
ditions that  we  do  not  believe  it  is  pos- 
sible to  exactly  duplicate  certain  re- 
sults. We  have  found  from  experience 
that  a  certain  voltage  margin  is  neces- 
sary in  order  to  secure  operation  with- 
out missing.  For  example  a  spark 
which  will  jump  a  three-eighth  inch  gap 
in  air  will  not  do  so  every  time,  but  if 
there  is  sufficient  voltage  to  jump  this 
gap  it  will  probably  jump  a  three-six- 
teenth inch  gap  without  missing.  In 
the  case  of  a  spark  plug  the  insulating 
material  used  is  under  an  electrical 
strain  and  acts  as  a  condenser,  and  as 
different  materials  will  give  different 
capacity  and  effects  it  is  quite  likely 
that  this  may  account  for  different  re- 
sults obtained  with  spark  plugs_  using 
porcelain  and  those  using  mica  insula- 
tion. The  effect  of  the  atmosphere 
around  the  spark  gap  also  operates  to 
produce  varying  results  as  varying  per- 
centages of  moisture  would  permit  a 
spark  at  lower  voltage  than  would  be 
obtained  in  dry  air.  Static  electricity 
on  the  surface  of  the  insulating  material 
of  the  spark  plug  may  also  cause  a 
varying  percentage  of  moisture  to  be 
deposited  on  the  insulation  and  this 
varj'ing  leakage  would  also  tend  to 
produce  inconsistent  results  as  consider- 
able leakage  allows  the  induced  e.m.f.  in 
the    secondary    to    dissipate    itself    and 


perhaps  prevents  sufficient  voltage  being 
attained  to  jump  the  gap.  For  the 
above  reasons  it  seems  to  us  hardly 
practicable  to  obtain  exactly  similar  con- 
ditions for  testing  magnetos  and  the 
nearest  appro-ximation  would  be  to  use 
the  same  spark  gap,  connections,  etc.  on 
two  magnetos  which  were  being  com- 
pared. A.H.P. 

1642 — Railway  Armature  Repairs — 
Please  state  whether  (A)  or  (B)  is 
correct.  A  Westinghouse  lOlB  rail- 
way motor  armature  was  found  to 
have  its  core  one-sixteenth  inch  out 
of  true  in  relation  to  the  axis  of  its 
shaft.  The  armature  being  stripped 
of  its  coils  at  the  time,  it  was  decided 
to  fill  the  slots  with  hard  wood  and 
take  off  a  very  light  cut  in  the  lathe 
and  finish  up  with  grinding.  A  main- 
tains that  this  operation  has  ruined 
the  laminations  and  that  core  should 
be  scrapped,  his  reasons  being  as  fol- 
lows: (i)  Undue  heating  owing  to 
laminations  being  short-circuited  from 
turning  and  grinding.  (2)  Weaken- 
ing of  the  grooves  in  the  teeth  which 
hold  the  wedges  in  place.  (3)  In- 
creasing the  air-gap  by  decreasing  the 
diameter  of  the  armature  core  and 
thus  affecting  the  efficiency  of  the 
motor.  B  is  convinced  that  this  opera- 
tion is  one  that  is  regularly  done  in 
cases  of  this  sort,  claiming  that:— (i) 
With  careful  grinding,  laminations 
will  not  be  short-circuited,  to  any 
great  extent,  and  that  where  short- 
circuits  occur  they  will  be  local,  and 
that  increase  of  eddy  currents  will  be 
very  small.  (2)  Grooves  for  holding 
wedges  will  not  be  affected.  (3) 
Difference  in  air-gap  will  not  be  great 


enough  to  be  noticeable  and  that  in 
any  case  the  air-gap  would  vary  this 
much  with  any  armature  on  account 
of  the  armature  bearing  wearing. 

C.A.C.    (BRIT.  COL.) 

Turning  down  the  core  and  then 
grinding  would  undoubtedly  tend  to  set 
up  eddy  currents  in  the  surface  of  the 
core.  Cases  have  been  known  of  high 
speed  alternating-current  machines  in 
which  losses  caused  by  this  condition 
have  been  objectionably  high.  They 
would  be  objectionable  in  the  No.  lOi-B 
motor,  but  it  is  doubtful  whether  the 
increased  heating,  especially  since  it  is 
near  the  surface  of  the  armature,  would 
warrant  scrapping  the  core.  The  use 
of  a  coarse  file  would  be  better  than 
grinding,  as  this  would  tend  to  break  up 
the  eddy  currents  and  reduce  the  heat- 
ing. Grinding  of  the  surface  of  cores 
is  standard  practice  in  many  alternating- 
current  low-speed  railway  motors  and 
is  necessary  where  a  close  adjustment 
of  air-gap  is  required.  The  increase  in 
the  air-gap  would  not  seriously  affect 
the  operation  of  the  motor  in  service, 
because  the  air-gap,  being  only  one  por- 
tion of  the  magnetic  circuit,  the  per- 
centage increase  in  speed  would  be 
small,  and  would  be  in  the  order  of  the 
variations  in  speed  which  occur  due  to 
variations  in  castings.  The  weakening 
of  the  grooves  for  holding  the  wedges 
would,  we  believe,  not  be  serious.  It 
would  be  well  to  carefully  investigate 
the  cause  of  the  core  being  off  center, 
such  as  bent  shaft,  loose  laminations, 
etc.  In  the  event  of  something  being 
radically  wrong,  the  turning  of  the  core 
might  only  prove  remedial,  but  not 
finally  corrective.  F.w.  Mcc. 
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Safety  Ser\-ice  Motor  Starting 
Switch— Box  Closed 


But  Also  Your  Workers 

Vou  have  mure  inexperienced  help  in  your  shops  now  than 
ever  before;  most  concerns  have  in  these  days  of  labor  scarcity. 
It  is.  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  onlv  those  "g^reen"  men, but  also  the  equipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 

Safety  Service''  Motor  Starting  Switch 

In  Steel  Box  Operated  froixi  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here  are  the  Reasons— Switch  is  entirely  enclosed  and 
operated  from  outside.  Box  cannot  be  opened  until 
switch  is  in  "  off  "  position. 

Here  is  the  Result — Workers  and  Exjuipment  are  Both 
Protected. 

Send  for  Our  Bulletin  describing  "Safety  Service"  Knife  S^vitcbes 
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Th©  Stff©®t  Railways  m  "Wm  Tiinni®s 

JOHK  J.  Stanley 

President, 

American   Electric   Railway  Association 

The  street  railway  industry  has  been  hard  hit  by 
this  greatest  of  wars.  In  common  with  all  other  in- 
dustries it  has  faced  unusual  problems  of  men,  material 
and  finances.  Unlike  most  industries,  however,  it  was 
ill-prepared  to  meet  them.  The  years  immediately  pre- 
ceding our  entrance  into  the  war  were  not  years  of  un- 
exampled prosperity;  on  the  contrary  they  were,  in  the 
main,  disastrous  years.  Traffic  losses  with  burdensome 
and  mounting  costs  of  operation  were  already  old  ques- 
tions when  the  war  brought  new  ones. 

That  the  selective  service  has  drawn  heavil}'  on  the 
industry  is  the  highest  compliment  that  could  be  paid 
it.  We  are  proud  that  the  Government  has  need  of  and 
has  requisitioned  so  many  of  our  men.  Future  requisi- 
tions will  make  universal  one  great  change  in  the  indus- 
try, namely;  the  employment  of  women. 

A  second  and  greater  change  is  just  as  certain  to 
come;  an  unparalleled  increase  in  costs  will  be  met  by 
new  revenues.  It  may  be  that  as  we  have  followed  the 
example  of  European  operators  in  employing  women, 
we  shall  also  adopt  their  principle  of  zone  fares.  Pos- 
sibly a  straight  increase  in  our  present  rates  of  fare,  or 
a  modification  of  the  unnecessary  and  illogical  burdens 
that  are  now  laid  upon  us  may  suffice,  but  certain  it  is 
that  the  industry,  which  has  proven  itself  essential  and 
necessary  to  the  public,  will  not  be  long  handicapped 
by  inadequate  revenues.  The  government  that  has 
found  time  and  ways  to  keep  business  generally  at' better 
than  usual,  while  worthily  conducting  its  own  business 
of  winning  this  war,  will,  in  good  time,  deal  justly  with 
our  problems,  as  it  has  with  others. 


Facte  vg.  TJheoffies  AlboEst  Tfa!nisp©ff= 

Calvert  Townley 

Assistant  to  the  President, 

Westijighouse  Electric  &  Mfg.  Company 

We  are  passing  through  a  period  of  unexampled 
prosperity.  Every  industry  having  even  moderately 
skillful  management,  except  those  classed  as  non-es- 
sential, is  now  more  profitable  than  it  ever  has  been. 
In  the  midst  of  this  golden  harvest  the  railroads  and  the 
trolleys  almost  alone  have  been  starving  to  death.  They 
used  to  be  among  our  most  prosperous  corporations. 
They  are  so  no  longer.  Obviously  something  must  be 
fundamentally  wrong  either  with  railroad  and  trolley 


management  or   inherently  with   these  activities   them- 
selves. ■    .  ;.  . 

Measured  by  the  capital  invested  and  the  volume 
of  receipts  the  raUroads  are  our  -largest  enterprises. 
They  have  been  able  to  pay  and  they  have  paid  salaries 
sufiicient  to  cpmand  the  best  available  talent  and  it  is 
notorious  that  railroad  executives  as  a  class  rank  near 
the  top_  in  integrity,  ability,  initiative.' and  foresight. 
When  occasionally  transferred  to  other  occupations- 
they  have  almost  uniformly  scored  successes  of  a  high- 
order.  It  can  .hardly  be  successfully  contended  there- 
fore that  anything  has  been  fundamentally  wrong  with' 
railroad  management.  What  I  have  said  about  the  rail- 
roads applies  to  a  large  extent  to  trolley  properties  as- 
well.  Their  executives  very  generally  rank  among  the 
leaders  in  their  respective  communities.^^ 

If  the  trouble  is  not  with  the  management,  then 
where  is  it?  .  The_ traffic  is  large  and  has  steadily  in- 
creased. Competition  is  even  less  than  it  was  when  the 
roads  were  prosperous.  With  good  management,  plenty 
of  business  and  not  abnormal  competition — why  are  the 
railroads  starving  in  a  land  of  plenty?  The  answer  is 
easy,  short  and  anything  but  sweet — "regulation".  The 
railroads  and  the  trolleys  have  been  "regulated" — in- 
dustrj'  in  general  has  not.  The  regulated  activities  have 
.  steadily  gone  down  hill,  the  others  just  as  steadily  have 
climbed.     In  plain  English  regulation  has  failed. 

At  about  this  period  in  tlie  discussion  some  one- 
usually  Lnterjetts,  "Well,  if  we  don't. have  regulation! 
then  we  will  have  government  ownership,  would  that 
be  preferable?"  This  of  course  is  not  an  argument. 
.  It  is  a  retort.  It  reminds  one  of  the  footpad  who  says, 
.  "Would  you  rather  give  "me  ydui^  money  or  have  me 
beat  out  your  brains  ?" 

There  can  be  no  logic  to  compel  the  adoption  of 
one  economically  unsound  plan  because  some  other  plan 
is  also  unsound.  It  may  be  true  that  we  are  approach- 
ing government  ownership.  If  so,  that  proves  nothing, 
We  went  wrong  when  we  adopted  regulation.  !♦  is 
quite  conceivable  that  we  might  make  another  and  even 
•  a  worse  mistake'next  time.  But  if  we  dp  it  will  not  be 
■  primarily  because  regulation  has  brought  misfortune 
but  because  we  as  a  nation  have  not  learned  to  make- 
the  proper  deductions  "from  that  failure.  Therefore,  it 
behooves  all  of  us  who  are  specially  concerned  or  in- 
terested to  spread  the  gospel  of  sound  economics  and 
to  do  what  we  can  to  educate  the  public  towards  safe 
and  sane  views. 

Now  what  had  all  this  to  do  with  trolfey  road  fi- 
nancing?'   Jiist  this — None  of  the  plans  now  being  pro- 


.574 


THE    ELECTRIC    JOURNAL 


posed  or  tried,  such  as  the  raising  of  trolley  fares  here 
and  there,  the  creation  of  zones,  the  operation  under 
elaborate  contracts  for  "service  at  cost"  are  solutions. 
All  these  simply  are  more  or  less  skillful  attemi.its  to  get 
along  somehow  under  the  present  fundamentally  w  rong 
conditions  and  it  is  futile  to  attempt  a  satisfactory  solu- 
tion unless  and  until  these  facts  are  recognized  and 
some  new  and  sound  economic  basis  is  established. 
•  There  is  grave  danger  that  our  transportation  agencies 
will  be  looked  ui>on  as  completed  affairs  requiring  only 
efficient  and  skillful  operation  in  transporting  passen- 
gers and  freight  and  not  as  they  actually  are,  as  only 
partially  developed  agencies  requiring  keen  foresight 
and  courageous  initiative  so  that  their  relative  value  to 
the  nation  may  continue  to  be  as  great  in  the  future  as 
it  has  been  in  the  past.  Government  regulation  as  it 
has  been  practiced  has  throttled  growth  and  driven 
away  prosperity.  Government  ownership,  judged  by 
the  uniform  effect  in  every  other  country  where  it  has 
been  tried,  will  effectually  stop  growth  and  set  up  a  de- 
ficit so  that  the  general  public  and  not  the  user  will  foot 
the  bills. 

Let  us  hope  that  we  all  being  educated  to  know  fhe 
facts  and  that  one  of  the  blessings  which  will  come  out 
of  this  world  catastrophy  through  which  we  are  now 
struggling  will  be  a  better  understanding  of  the  funda- 
mental facts  and  a  willingness  to  work  in  accordance 
with,  and  not  to  attempt  to  overthrow,  basic  economic 
laws. 


lustusaS  E(S§p®c^  amid  C©°©p©irs\4i®iii 


Theodore  P.  Shonts 

President, 

Interborough  Rapid  Transit  Company 

This  is  war-time.  All  peace-time  considerations 
are  altered  not  only  in  statecraft  but  in  business.  The 
electric  railway  men  of  this  nation  feel  keenly  a  sense 
of  responsibility  for  the  efficiency  of  service  which  is 
so  important  a  part  of  the  national  program.  Thev  are 
faced  by  many  a  difficulty,  but  tliey  are  responding  in 
a  splendid  whole-hearted  manner  to  the  national  call. 
They  are  not  only  pledging  their  business  but  their  men 
are  going  to  the  war  front. 

Theirs  is  not  a  business  that  has  benefited  by  the 
war.  No  other  business  possibly  has  suffered  so  much 
from  the  war.  Costs  have  risen  by  leaps  and  bounds, 
yet  their  fare,  for  the  most  part,  has  been  legally  fixed 
at  five  cents.  Every  electric  railway  man  knows  the 
intimate  relationship  between  fares  and  good  service. 
It  is  so  elemental  that  they  cannot  understand  why  it  is 
not  as  clear  and  as  simple  to  everj'one  as  it  is  to  them. 
But  the  fact  is  that  it  is  not ;  and  that  is  our  problem — 
a  problem  of  bringing  the  public  to  realize  the  true 
facts. 

And  we  nwjst  approach  that  problem  with  faith. 
Faith  in  the  foundation  principle  that  when  the  public 
knoTvs  the  facts  it  will  not  only  be  fair,  it  will  be  gen- 
erous. We  must  have  faith.  We  must  take  our 
troubles  to  the  public  with  faith  and  confidence.     Noth- 


ing will  serve  but  the  plainest,  frankest,  most  straight- 
forward presentation  of  the  real  facts.  "Be  sure 
you're  right,  then  go  ahead." 

The  most  important  aspect  of  the  electric  railway 
])rohlem  at  the  present  moment  is  that  of  labor.  With- 
out competent  labor  the  electric  railway  is  as  a  body 
without  life.  "The  laborer  is  worthy  of  his  hire."  It 
matters  not  whether  a  business  is  profitable,  a  laborer 
is  entitled  to  good  wages.  A  wage  cannot  be  fair  if 
it  does  not  meet  the  rapidly  increasing  cost  of  living. 
Service  cannot  be  efficient  without  trained  forces.  To 
keep  trained  men  the  utilities  must  be  able  to  pay  them 
wages  which  will  meet  the  competition  in  other  lines. 

The  public  must  understand  that  it  should  pay.  In- 
deed it  cannot  escape,  for  any  long  period,  paying  at 
least  the  cost  of  service,  including  a  fair  return  on  the 
money  invested.  I  know  of  no  better  expression  of 
this  thought  than  that  in  a  recent  article  in  The  Survey 
by  W.  L.  Ransom,  chief  counsel  of  the  Public  Service 
Commission  of  the  First  District  of  New  York.  He 
says : — 

"The  public  is  coming  to  realize,  tardily  but  surely, 
that  whether  the  form  of  ownership  and  operation  be 
public  or  private,  the  public  can  have,  in  transportation 
or  public  utility  service,  only  what  it  is  willing  to  pay 
for ;  and  that  there  is  no  way  of  getting  sometliing  for 
nothing  for  the  public  from  a  public  utility  over  any 
considerable  period  of  time." 

In  these  days  the  electric  railway  men  are  asking 
an  increase  of  income  not  for  the  purpose  of  raising 
dividends  but  in  order  that  the  cars  may  continue  to 
run.  Public  utility  service  is  a  co-operative  enterprise 
in  which  the  utility  and  public  must  join.  The  public 
utility  must  have  full  faith  in  the  confidence  that  the 
service  will  be  paid  for,  otherwise  it  cannot  be  rendered 
in  the  whole-hearted  spirit  which  alone  can  make  it 
good.  Neither  public  nor  utility  should  feel  that  the 
other  is  a  mine  to  exploit.  Each  should  feel  that  they 
should  work  together  in  producing  the  service  that  in 
war-time  is  needed  more  than  ever. 

Undoubtedly  there  is  a  much  better  public  under- 
standing of  the  public  utilities  than  ever  before.  A 
clearer  perception  of  our  relations  will  beget  the  mutual 
respect  and  co-operation  which  are  absolutely  neces- 
sary to  the  salvation  of  our  nation. 

©p®ffai1haii2i   C®mpaiin!i©§   m  th® 
Elecl^ffk  Emllway  EsudiLHStffy 

H.  D.  Shute 

Vice-President, 

Wcstinghouse  Electric  &  Mfg.  Company 

The  splendid  manner  in  whicn  the  American  people 

responded  to  the  Nations    needs    in    these    war    times, 

again   proves   the   statement    frequently   made   in   past 

years,     that     our     people     are     eminently     fair     and 

generous    when    they    understand    a    problem.       It    is, 

therefore,  proper  to  assume  that  the  people  in  many 

parts  of  the  country,  who  have  apparently  been  very 

unfair  toward  their  local  street  railway  companies,  do 
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not  understand  the  financial  embarrassment  confronting 
the  railway  companies.  Experienced  observers  know 
that  the  men  engaged  in  the  electric  railway  industry 
measure  up  to  the  high  standard  of  ability  of  American 
men  of  afltairs.  The  cause,  therefore,  for  the  present 
financial  predicament  of  most  street  railways  lies  some- 
where else;  without,  rather  than  within  themselves. 

There  are  some  conditions  brought  on  by  the  war 
which  will  have  to  be  borne  with  as  such,  but  the  atti- 
tude, of  the  people  generally  toward  the  street  railway 
industry  should  be  corrected.  This  attitude  seems  to 
be  the  fundamental  difficulty  in  the  way  of  a  speedy  and 
needed  solution  of  the  problem.  The  people  must  be 
shown  that  a  progressive  and  prosperous  street  railway 
is  just  as  essential  to  the  prosperity,  comfort  and 
growth  of  their  community  as  the  other  utilities,  such 
as  water,  gas,  lighting,  power,  police,  fire  department, 
parks,  boulevards,  etc.  The  street  railway  affects  the 
comfort,  convenience  and  welfare  of  the  great  majority 
of  the  people  in  every  community  two  or  more  tnnes 
each  day.  It  is  fair  to  assume  that  if  the  majority  of 
the  people  appreciated  this  fact  fully,  they  would 
change  their  attitude  toward  the  street  railway  com- 
iiames. 

The  dail}'  ]iress,  as  a  rule,  reflects  public  opinion 
as  disclosed  by  the  action  of  various  semi-public  bodies. 
We  have  seen  many  instances,  in  which  an  increase  in 
fare  was  requested  during  the  past  year,  where  the 
numerous  boards  of  trade  and  merchants  associations 
of  all  kinds  immediately  met  and  passed  resolutions 
condemnijjg  the  plan,  as  well  as  making  further  criti- 
cisms of  the  railway  companies.  The  press  promptly 
gave  prominent  space  to  such  collective  sentiment.  This 
public  criticism,  obviously,  is  a  great  factor  in  creating 
unfavorable  oi)inion  among  the  masses  and,  when  it  is 
realized  that  most  of  these  associations  are  comprised  of 
business  men,  it  would  appear  to  be  very  essential  that 
the  business  men  representing  the  manufacturers  en- 
gaged in  the  electric  railway  industrj',  as  well  as  repre- 
sentatives of  the  railway  companies,  should  be  members 
of  all  such  important  bodies  and  assume  the  task  of 
fully  explaining  the  situation;  openly  and  frankly  dis- 
cussing the  problems  confronting  the  railway  com- 
panies. 

The  manufacturers  have  a  common  interest  with 
the  operating  companies  in  the  electric  railway  industry. 
Both  are  vitally  interested  in  its  development  and 
growth.  All  engaged  in  the  industry  ajipreciate  the 
great  factor  the  electric  railways — urban,  suburban,  and 
mterurban — have  been  in  the  wonderful  progress  and 
development  of  our  country.  The  manufacturers  and 
operating  companies  should  establish  ways  and  means 
for  closer  and  more  effective  co-operation  in  building 
up  a  more  favorable  and  a  fairer  attitude  on  the  part 
of  the  people  toward  the  electric  railway  business.  The 
electric  railways  should  not  be  allowed  to  drift  into 
bankruptcy  and  general  deterioration  and  chaos  during 
the  war,  as  they  are  very  essential  to  the  continued 
growth,  comfort  and  prosperity  of  the  nation. 


ftffic  Railways 

M.  C.  Brush 
President, 
Boston  Elevated  Railway  Company 

Notwithstanding  the  elaborate  system  of  laws, 
rules,  regulations,  orders  and  decisions  for  the  purpose 
of  supervising  and  controlling  each  and  every  detail  of 
street  railway  operation  through  the  action  of  various 
commissions,  boards  and  other  public  authorities,  the 
industry  has  broken  down  under  the  abnormal  pressure 
of  wartime  conditions.  There  is  unquestionably  a  fail- 
ure on  the  part  of  a  great  many  persons  to  appreciate 
the  seriousness  of  the  present  situation.  With  an  in- 
vestment of  approximately  six  billion  dollars  for  the 
purpose  of  furnishing  urban  and  interurban  transporta- 
tion, and  with  substantially  the  entire  industry  in  bank- 
ruptcy, surely  there  should  be  a  full  realization  of  the 
imminent  danger  of  its  complete  collapse  and  the  in- 
creased serious  effects  of  such  a  collapse  on  industries 
engaged  in  war  time  activities. 

The  five  cent  fare  was  never  able  to  provide  suffi- 
cient revenue  to  properly  care  for  depreciation,  obsoles- 
cence, a  fair  return  on  money  invested,  and  a  reason- 
able surplus  for  emergencies.  It  has  been  necessary, 
when  a  company  has  desired  to  revise  its  tariffs,  to  file 
with  the  proper  commission  or  board  its  proposed 
schedule  of  new  rates.  This  commission'  then  held 
public  hearings  and  usually,  after  a  considerable  lapse 
of  time,  during  which  the  burden  was  added  to,  it 
authorized  the  whole  or  a  part  of  the  proposed  changes, 
as  it  saw  fit.  No  matter  how  self-evident  or  immedi- 
ately pressing  the  necessity  for  changes  may  have  been, 
none  could  be  made  until  after  long  and  protracted 
hearings,  examinations,  investigations,  etc.  While 
there  is  no  reason  against,  and  every  reason  for,  all  the 
parties  in  interest  having  all  the  time  and  facilities  nec- 
essary for  a  proper  analysis  of  a  given  case,  neverthe- 
less the  patient  should  not  be  assumed  by  the  doctor  to 
be  well  regardless  of  what  the  patient  says  about  his 
sufferings,  while  the  doctors  listen  for  weeks  and 
months  to  the  evidence  of  those  trying  to  diagnose  or 
learn  the  patient's  ailments  and  become  experts  before 
permitting  the  doctors  to  prescribe  the  imperatively 
needed  remedj'. 

Unquestionably  the  present  system  of  regulations 
and  supervisions  has  contributed  to  the  collapse  of  this 
mdustry,  and  the  fact  has  too  often  been  lost  sight  of 
that  the  interest  of  the  transportation  companies  and  the 
interests  of  the  public  are  essentially  mutual  and  identi- 
cal, and  that  neither  can  afford,  in  the  long  run,  to  be 
served  in  any  way  by  the  sacrifice  of  the  other.  This 
l>art  is,  of  course,  elementary.  The  power  of  supervi- 
sion and  regulation,  without  responsibility  for  the  ad- 
ministration of  the  particular  property,  has  gradually 
but  effectively  so  stultified  the  industry  as  to  make  it 
too  weak  to  serve  now,  in  any  virile  sense,  the  purpose 
for  which  it  was  created  and  intended.  The  slogan  of 
the  Hog  Island  executive,  "Let  us  build  ships  now,  and 
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putiis^m  jail  afterwards  if  you  wish"  equally  applies 
to  the  street  railway  industry  as  it  exists  today. 

The  American  people  as  a  whole  are  fair,  and  when 
the  facts  are  substantially  put  before  them  they  are 
pretty  sure  to  agree  that  a  man  must  be  permitted  to 
have  a  voice  in  the  management  of  his  savings.  Doubt- 
less, in  the  long  run,  and  with  more  enlightenment  and 
;-.  i uU  presentation  of  all  the  facts,  the  industry  will  re- 
ceive a  square  deal,  but  now  is  not  the  time  to  spend 
months,  weeks  or  even  days  discussing  what  has,  or 
has  not  taken  place  in  the  past.  The  immediate  job  in 
hand  should  be  to  take  care  of  the  present  critical  and 
alarmingly  acute  situation  and  provide  and  plan  for  the 
future.  Post-mortems  can  wait  but  the  adequate  main- 
tenance of  transportation  is  an  ante-mortem  necessity 
and  cannot  wait,  and  should  not  be  expected  to.  Every 
one  should  put  his  shoulder  to  the  wheel  and  with  a 
broad  intelligent  view  produce  that  which  is  absolutely 
essential  to  the  furnishing  of  the  material  for  the  suc- 
cessful conduct  of  the  war  and  the  greatest  possible 
comfort  of  the  boys  in  France — first  class  urban  and 
interurban  electric  railway  transportation.  The  entire 
country  is  suffering  this  moment  for  lack  of  absolutely 
necessary  transportation  facilities,  and  it  is  doubtful 
whether  any  temporary  relief  will  meet  the  situation, 
for  permanency  as  well  as  efiiciency  of  any  relief  is 
needed, to  bring  back  promptly  to  the  industry  the  much 
scared,  timid  and  impoverished  investor  and  operator. 

A  full  realization  of  the  imminent  danger  and  the 
seriousness  of  the  situation,  by  the  hundreds  of  thous- 
ands of  citizens  directly  or  indirectly  concerned,  and  of 
the  importance  of  giving  adequate  railway  transporta- 
tion, should  be  the  starting  point  for  an  aroused  public 
sentiment  for  the  most  prompt  and  efficient  relief  that 
can  be  secured.  Palliatives,  inventories,  studies  and 
surveys  are  of  no  value  to  avert  the  impending  catas- 
trophe, for  surely  the  collapse  of  a  six  billion  dollar 
industry  is  a  national  catastrophe,  and  it  would  .'^eem 
that  one  of  two  methods  must  be  protnptly  followed. 
Either  the  national  government  must  promptly  take  ever 
the  complete  operation  and  administration  of  all  elec- 
tric railways,  as  it  has  in  the  case  of  the  steam  rail- 
roads, with  an  executive  power  in  Washington  for  elec- 
tric lines,  equivalent  to  that  power  now  vested  in  Wash- 
ington for  steam  lines,  or  else  the  states,  cities  or  dis- 
tricts interested  in  the  maintenance  of  service  must 
promptly  so  guarantee  the  return  on  investments  that 
the  companies  may  do  such  financing  as  will  make  pos- 
sible efficient  service  and  enable  them  to  meet  the  try- 
ing and  extraordinary  burdens  now  being  placed  on  the 
industi-y.  There  are  47000  miles  of  street  railway 
track  in  the  United  States  as  against  331  000  miles  op- 
erated by  steam  railroads.  Surely  Government  inter- 
vention is  needed  to  prevent  the  bankrupting  of  the 
companies  operating  one-eighth  of  the  total  mileage, 
both  steam  and  electric,  in  the  United  States,  in  the 
middle  of  a  great  war,  with  the  possibility  of  discon- 
tinuatiop  of  operation  or  junking  or  tearing  up  of  a 
large  portion  of  the  trackage. 


It  is  obvious  tliat  nearly  every  street  railway  is 
parting  with  its  very  life  blood  and  the  continuance  of 
its  industrial  life  is  absolutely  dependent  upon  prompt 
and  efficient  measures,  if  it  is  to  continue  its  transpor- 
tation service.  Every  person  interested  in  street  rail- 
wa}'  success,  whether  he  be  employe,  official,  investor 
or  connected  with  the  manufacture  of  materials  and 
equipment  used  by  street  railways,  is  dependent  wholly 
or  in  part  upon  the  street  railway  for  his  daily  bread. 
Such  persons  can  be  made  to  feel  a  personal  interest  in 
working  out  the  problems,  but  should  also  be  led  by 
self-interest  to  give  all  possible  assistance  in  bringing 
about  a  speedy  termination  of  the  difficulties.  Through 
such  persons  as  these  a  great  deal  of  pressure  can,  and 
should  be  brought  to  bear  in  order  that  one  of  the  two 
remedies  above  suggested,  or  some  other  equally  ef- 
fective one,  may  speedily  be  applied  to  the  situation, 
and  the  street  railways  saved  from  disaster. 


F.  H.  Shepard 

Director  of  Heavy  Traction, 

Westinghoiise  Electric  &  Mfg.  Company 

In  these  momentuous  days  there  is  not  a  red- 
blooded  American  who  would  not  prefer  above  all  else 
to  be  chasing  Huns  with  the  business  end  of  a  bayonet. 
But  victory  does  not  depend  on  front-line  forces  alone 
and  those  of  us  that  must  stay  at  home  have  our  own 
work  cut  out  for  us  to  increase  the  productive  ability  of 
the  nation  to  place  its  resources  at  the  disposal  of  our 
heroic  fighting  men.  This  is  no  light  task  and  it  presses 
especially  heavily  upon  the  electrical  men  of  America. 
Not  without  reason  are  our  times  known  as  the  "Elec- 
tric Age",  and  if  we,  who  produce  and  apply  this 
power,  should  underestimate  our  responsibility,  the  re- 
sult would  be  disastrous.  Furthermore,  since  we  are 
the  creators  of  a  new  art  and  science,  our  daily  lives 
are  devoted  to  abstract  thinking  and  to  the  solving  of 
new  problems  and  the  over-coming  of  hitherto  unknown 
difficulties.  Hence  we  should  feel  ourselves  among  the 
leaders  of  modern  progress  and  should  bear  a  greater 
burden  of  service  than  the  majority  of  our  fellow  men. 

The  present  obligations  of  every  class  of  men  are 
well-marked.  That  of  the  electrical  fraternity  is  to 
conserve — to  save  fuel  and  materials,  by  the  exercise  of 
our  utmost  engineering  skill ;  to  save  that  priceless  fac- 
tor—time— by  helping  to  expedite  every  step  of  the  na- 
tion's industrial  operations ;  and  above  all  to  save  human 
labor,  by  multiplying  by  ten,  a  hundred,  or  a  thousand 
fold  the  power  of  each  pair  of  human  hands. 

The  events  of  the  past  year  have  been  graphically 
described  as  a  race  between  President  Wilson  and  Field 
Marshall  von  Hindenburg.  Wilson  won,  and  to  the 
past  efforts  of  the  electrical  men  a  share  of  the  credit 
for  this  is  due.  But  the  greater  work,  that  will  mean 
added  sacrifice,  is  yet  before  us  and  our  thought  today 
must  be  upon  our  responsibilities  and  the  part  that  each 
one  of  us  must  play.  We  can  not,  however,  achieve 
success  alone,  but  only  through  co-ordinated  co-opera- 
tion.    This  is  the  great  lesson  we  have  learned  from  the 
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war.  Theoretically,  we  knew  it  before,  but  practically 
we  worked'  s6le"ly  for  our  own  interests.  Now  we 
realize,  with  that  clearness  that  bitter  experience  best 
imparts,  that  we  can  no  longer  stand  isolated  as  a  na- 
tion, as  a  class  or  as  individuals.  In  politics  we  must 
think  in  international  terms ;  in  commerce  and  industry, 
we  must  no  longer  work  selfishly,  as  the  Germans  do, 
but  aim  at  the  greatest  good  for  all. 

Time  was  \vhen,  in  commercial  relationship,  the 
buyer,  the  seller,  and  the  seller's  competitor  were  in 
conflict  for  the  improper  advantage  of  one  over  the 
other.  Now  we  know  that  all  must  work  in  harmony 
and  mutual  confidence  for  the  best  interest  of  each,  of 
the  industry  and  of  the  people. 

•We  are  in  this  war  to  prepare  a  brighter  future  for 
those  who  come  after  us — to  insure  equality  of  oppor- 
tunity— a  "square  deal"  for  all.  We  now  know  we  are 
all  partners  in  this  program — capital  with  labor,  manu- 
facturer with  customer,  public  service  corporation  with 
the  public ;  and  unless  this  great  partnership  continues 
to  exist  after  the  Hun  is  crushed,  we  shall  have  lost  the 
best  that  has  come  out  of  this  hell  of  bloodshed  and  de- 
struction. 

All  honor  to  the  electrical  man  who  lays  tlie  wires 
at  the  heels  of  the  charging  troops  and  who  repairs 
them  in  a  murderous  storm  of  steel.  But  some  honor, 
too,  is  due  to  him  who,  humiliated  in  spirit,  sits  safe  at 
home  helping  to  create  and  maintain  that  tide  that  is 
sweeping  onward  to  victory.  And  dishonor  be  his,  if 
he  takes  a  step  backward  after  the  boys  at  the  front 
have  come  home. 


Adopt  a  MI©dl©I  FffasscMs© 

Richard  I.  Sullivan 

General  Manager, 

Mahoning  &  Shenango  Railway  &  Light  Company 

The  outstanding  fact  in  the  street  railway  situation 
today  is  that  service  cannot  be  given  much  longer  for 
less  than  cost.  Street  railway  fares  must  be  raised. 
The  power  to  raise  fares  does  not  lie  with  street  rail- 
way companies.  It  is  held  by  various  rate  making 
bodies.  These  bodies  must  act  if  the  public  is  to  con- 
tinue to  get  street  railway  service.  The  issue  is  clear 
and  concise.  It  is  no  longer  between  the  public  and 
the  management  of  street  railway  companies.  It  now 
rests  between  the  public  and  its  rate  making  bodies. 
When  street  railway  executives  have  clearly  and 
forcibly  presented  this  fact  to  the  public  and  the  rate 
making  bodies,  their  responsibility  ceases. 

The  day  of  the  fixed  fare  for  street  railways  has 
passed,  whether  it  be  a  fixed  fare  of  five  cents  or  six 
cents  or  ten  cents.  Railways  must  have  long  term 
franchises  to  permit  them  to  do  their  financing.  No 
man  can  fix  a  just  rate  of  fare  over  a  long  period. 
Either  the  fare  will  be  too  high  and  the  profits  too 
great  or  the  fare  will  be  too  low  and  the  profits  too 
small.  The  public  will  be  paying  either  more  or  less 
than  the  cost  of  a  ride.  The  fare  must  be  made  flexible 
and  service  sold  to  the  public  at  cost. 

The  sitmtion  .->.s  it  exists  totlriv  offers  tlie  indiistrv 


a  magnificent  opportunity  to  get  upon  a  permanent, 
stable  basis;  This  must  be  done  by  each  company  act- 
ing alone  but  the  companies  can  be  wonderfully  assisted 
if  the  American  Electric  Railway  Association  will 
formulate  and  adopt  a  model  franchise  providing  for 
service  at  cost,  under  the  terms  of  which  the  company 
will  be  secure  in  a  fair  return  on  the  money  honestly 
spent  on  its  property  and  the  public  will  be  assured  of 
the  kind  of  service  it  wants.  Such  a  model  franchise, 
properly  formulated  and  properly  sanctioned  by  the 
American  Electric  Railway  Association,  with  the  in- 
dorsement, if  possible,  of  the  President  of  the  United 
States,  the  Secretary  of  the  Treasury  and  the  Comp- 
troller of  the  Treasury,  would  readily  be  accepted  by 
the  various  rate  making  bodies  who  now  are  slow  to 
act  because  of  their  distrust  of  the  statements  of  rail- 
way companies  or  because  of  their  political  cowardice. 

The  value  of  the  property  covered  by  a  service  at 
cost  franchise  is  the  biggest  obstacle  in  the  negotiation 
of  such  a  franchise.  To  save  time,  during  the  period 
of  the  war  a  value  of  $100000  per  mile  could  be  used 
tentatively,  and  if  the  Secretary  of  the  Treasury  would 
sanction  the  use  of  this  figure  in  negotiating  service-at- 
cost  franchises  throughout  the  country,  the  entire  situ- 
ation could  be  straightened  out  in  two  or  three  months. 

The  assumption  for  the  above  reasoning  is  that 
street  railway  sei"vice  is  essential  and  that  there  will  be 
enough  riding  under  whatever  fare  is  established  to 
produce  sufficient  revenue.  If  this  assumption  is  not 
true  and  if  the  riding  decreases  as  the  fare  increases, 
even  when  one-man  cars  are  used,  the  street  railway 
industry  is  economically  dead  and  either  the  serv'ice 
must  be  eliminated  or  it  must  be  artificially  sustained 
as  by  (a)  restrictive  legislation  against  passenger  carry- 
ing automobiles  or  (b)  a  public  subsidy. 


S®©ka!nig  foff  ih®  ISeg'S  EaaSwSiy  Motor 

B.  G.  Lamme 

Chief  Engineer, 

Westinghouse   Electric  &  Mfg.   Company 

It  has  been  said,  and  with  truth,  that  no  develop- 
ment can  be  brought  to  its  best  point  without  first 
carrying  it  too  far.  This  stands  to  reason,  for  in  any 
new  development  we  are,  as  a  rule,  working  beyond  ex- 
isting data  and  experience  and  we  cannot  say  where  the 
best  point  lies  until  we  have  gone  so  far  beyond  it  that 
we  can  see  that  we  are  losing  ground.  This  is  particu- 
larly true  in  electric  railway  apparatus,  for  so  many 
conflicting  conditions  are  encountered  in  railway  work 
that  any  construction  upon  which  we  may  decide  is  al- 
most always  a  compromise  between  more  or  less  oppo- 
site conditions.  In  consequence,  we  must  know  the 
limitations  rather  thoroughly  before  such  compromise 
can  be  made  and  this  means  that  we  must  obtain  data 
beyond  the  best  conditions. 

Those  who  are  familiar  with  the  conditions  in 
electrically-driven  street  cars,  must  feel  pained  at  the 
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carr}-.  In  the  past  few  years  a  thorough  recognition  of 
car  inefficiency,  due  to  the  small  percentage  of  Hve 
weight,  has  led  to  very  serious  efforts  toward  remedy- 
ing, or  lessening,  the  defect.  Not  only  has  much  work 
been  done  toward  lightening  the  car  structure  as  a 
whole,  but  very  strenuous  efforts  have  been  made,  and 
are  still  being  made,  to  lessen  the  weight  and  improve 
the  output  of  the  electrical  equipment  or,  in  other 
words,  to  increase  the  output  per  pound.  However,  in 
doing  this  there  must  be  a  continual  compromise  be- 
tween opposing  condition.  For  example:  The  service 
which  the  electric  motor  must  meet  may  be  classed  as 
normal  and  abnormal  or  emergency,  and  these  two  ser- 
vices imply  radically  different  constructive  conditions 
in  the  motors  themselves.  Normal  service  may  require 
a  moderately  small  current  for  relatively  long  periods ; 
whereas,  the  abnormal  or  emergency  service  conditions 
call  for  excessively  heavy  currents  for  brief  periods, 
and  these  two  conditions  call  for  quite  different  motor 
constructions.  For  the  normal  rating  the  motor  must 
dissipate  to  the  air  a  moderate  amount  of  heat,  at  prac- 
tically the  same  rate  as  it  is  generated.  This  may  be 
attained  by  natural  or  artificial  ventilation  in  the  design 
of  the  motor.  However,  when  it  comes  to  abnormal  or 
emergency  conditions,  a  very  large  amount  of  heat  is 
generated,  in  fact,  very  much  more  than  can  be  dissi- 
pated directly  to  the  surrounding  air  and,  therefore,  the 
excess  must  be  stored  in  the  mass  of  material  compris- 
ing the  motor.  As  a  rule,  the  more  massive,  or  heavier 
the  motor  the  greater  will  be  its  emergency  capacity. 
In  consequence,  light  weight  motors  obtained  by  greatly 
improved  ventilation  may  be  considered  as  having  re- 
latively small  emergency  capacity.  Therefore,  any 
strong  tendency  toward  reduced  weight  by  mean.s  of 
ventilation  leads,  as  a  rule,  toward  a  sacrifice  in  one  of 
the  important  characteristics  of  the  railway  motor. 

As  stated,  in  recent  years  there  has  been  a  strong 
tendency  toward  reduced  weight  of  railway  equipments. 
As  regards  the  motor  itself,  this  tendency  has  been 
manifested  principally  in  the  direction  of  artificial  ven- 
tilation. Improving  the  ventilation  in  a  motor  either  by 
internal  or  external  means,  will  increase  its  normal  ca- 
pacity very  considerably,  but  its  abnormal  capacity  is 
improved  to  a  very  much  smaller  degree.  Therefore, 
in  the  application  of  such  motors  it  is  necessary  to  take 
into  account  all  conditions  of  operation  to  a  much 
greater  degree  of  refinement  than  in  the  case  of  the 
earlier  and  heavier  motors.  In  brief,  the  application 
must  be  more  carefully  made.  In  some  cases  where  ab- 
normal conditions  are  controlling,  it  may  not  be  possible 
to  take  full  advantage  of  the  full  increase  in  normal  ca- 
pacity and  reduction  in  weight  resulting  from  the  im- 
proved ventilation,  since  the  abnormal  loads  may  call 
for  a  larger  thermal  capacity  than  that  corresponding  to 
the  normal  rating.  In  other  cases,  full  advantage  can 
be  taken  of  the  improved  normal  rating  and  reduced 
weight.  It  is  simply  a  question  of  properly  fitting  the 
motor  to  the  service,  and  there  is  no  reason  for  making 
all  railway  motors  of  heavy  weight  and  high  thermal 


capacity  simpl}^  to  accomodate  certain  unusual  cases. 
The  better  way  is  to  make  the  whole  line  of  railway  mo- 
tors as  light  as  practicable  for  the  normal  ratings  and 
then  [)ick  out  the  proper  size  of  motor  to  suit  any  par- 
ticular service.  Under  such  an  arrangement  some  rail- 
way systems  would  have  to  buy  heavier  railway  motors 
than  other  systems  having  the  same  normal  conditions 
but  easier  or  lower  abnormal  service.  Because  some 
have  to  buy  heavier  motors,  is  no  reason  why  all  should 
be  penalized. 

\\  hen  it  comes  to  reducing  weight  by  means  of 
artificial  ventilation,  another  condition  enters  which 
may  be  more  or  less  serious  if  not  properly  allowed  for, 
namely,  the  effects  of  dirt,  moisture,  snow  etc.,  which 
may  be  carried  into  the  motor  by  means  of  the  air  cir- 
culation. If  artificial  ventilation  is  carried  to  the  ut- 
most, obviously  a  considerable  amount  of  air  must  be 
blown  through  the  motor  and  such  air  must  be  taken 
more  or  less  directly  from  the  outside.  Dry  dust  and 
similar  materials  may  be  blown  directly  through  the 
motor  with  \try  little  deposit,  or  if  deposited  to  any  ex- 
tent, may,  at  intervals,  be  blown  out  by  high  pressure 
air.  Such  dust,  as  a  rule,  is  not  conducting  and  is  not 
generally  harmful  to  the  motor.  Therefore,  if  dust  and 
dirt  only  were  to  be  contended  with,  artificial  ventila- 
tion might  be  carried  to  the  extreme.  However,  the 
conditions  are  quite  different  when  moisture  or  snow  is 
carried  into  or  through  the  motor  in  excessive  quanti- 
ties. This  is  especially  the  case  with  snow,  for  upon 
entering  the  hot  motor,  it  tends  to  become  moist  and 
sticky  and  is  liable  to  lodge  inside  in  quantities  sufficient 
to  be  harmful.  The  past  winter  furnished  many  ex- 
amples of  this  tendency,  largely  because  of  the  ab- 
normal season.  In  many  cases  snow  banked  up  each 
side  of  the  street  railway  tracks  to  such  an  extent  that 
the  cars  ran  practically  in  troughs  and  dirt  or  snow 
stirred  up  by  the  car  was  sucked  through  the  motors. 

It  may  be  suggested  that  an  obvious  remedy  for 
this  condition  would  be  to  use  covers  over  the  ventila- 
ting inlets  during  the  winter.  However,  if  the  artificial 
ventilation  is  carried  to  the  utmost,  such  motors  can 
only  stand  complete  enclosure  during  the  coldest 
weather,  and  on  the  first  fairly  warm  day  that  comes 
along,  there  is  liable  to  be  very  serious  heating  with 
the  enclosing  plates  on.  Consequently  there  would  be 
the  necessity  for  frequent  changing  of  the  cover  plates. 
If  such  changes  could  be  made  by  merely  pushing  a 
button,  there  would  be  no  serious  objection  to  such  an 
arrangement.  However,  when  one  considers  the  trouble 
involved  in  frequent  removing  or  replacing  of  all  the 
cover  plates  in  a  large  railway  system,  it  may  be  seen 
that  such  an  arrangement  is  not  an  ideal  one.  It  would 
appear  in  such  case,  therefore,  that  the  construction  is 
carried  too  far  and  that  a  better  arrangement  would  be 
one  in  which  the  normal  capacity  of  the  motor  would  be 
sufficient,  during  the  average  winter  weather,  with  the 
enclosing  plates  on,  while  the  effects  of  the  warmer 
weather,  during  a  large  part  of  the  year,  could  be  over- 
come by  removing  the  enclosing  plates.     Such  a  motor, 
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therefore,  would  need  only  to  be  enclosed  during  the 
snowy  months,  which,  in  many  cases,  cover  only  about 
three  months  in  the  }ear,  while  during  the  warmer 
weather  improved  ventilation  could  compensate  for  the 
higher  external  air  temperatures.  The  whole  problem 
resolves  itself  into  that  choice  of  design  which  results 
in  the  least  average  trouble,  while  giving  proper  weight 
to  the  different  kinds  of  troubles  which  must  be  taken 
into  account. 


Tlh©  ESecl^ffic  S4ff®©4  RaiSway  Crisis 

H.  W.  Clapp 

General  Superintendent, 

Columbus  Railway,  Power  &  Light  Company 

The  crisis  in  the  electric  railway  utility  business 
which  was  hastened  by  the  world  war  seems  to  have 
pointed  the  way  to  a  logical  solution.  These  enter- 
prises tQ  be  successful  over  periods  covered  by  fran- 
chises (  in  the  main  running  for  25  years)  must  have 
grants  based  on  the  service-at-cost  plan.  Tlie  fare 
charged  should  always  be  sufficient  to  secure  the  reve- 
nue necessary  to  cover  all  operating  charges,  as  well  as 
a  fair  return  on  a  fair  value  of  the  property. 

Recent  experience  with  tlie  universal  "one  fare"  on 
American  street  railway  systems  indicates  that  during  a 
period  of  high  costs  such  as  the  present,  the  one  fare  is 
not  the  answer  by  which  we  can  secure  the  necessary 
maxinmm  in  revenue  increases.  For  example,  when  a 
5  cent  fare  is  increased  to  6,  7,  or  8  cents,  the  percent 
increase  in  revenue  is  very  disappointing,  due  to  the 
shrinkage  in  the  short  haul  traffic.  This  result  is  a 
natural  consequence.  The  answer  without  doubt  is  to 
be  found  in  the  "section  system"  of  fare  collections 
commonly  in  use  in  many  parts  of  the  British  Empire — 
not  a  section  system  built  upwards  from  the  5  cent  fare 
as  a  basis  for  the  first  or  interior  section  in  congested 
portions  of  a  city,  but  a  section  system  built  up  on  the 
basis  of  a  2  cent  section  for  the  first  interior  Jj  or  3-4 
mile  section  and  a  multiple  of  outer  sections  of  from  i 
to  lyi  miles  each  (varying  with  the  density  of  popula- 
tion) with  a  charge  of  2  cents  each. 

Of  course  with  such  a  system  the  through  rider 
secures  a  discount  as  compared  to  the  case  of  accumu- 
lative sections  through  which  he  travels  from  the  first 
to  the  last  section  on  any  one  route.  The  suburban 
real  estate  operator  has  nothing  to  fear  under  such  a 
scheme  of  fares,  for  he  and  his  through  riders  are  thor- 
oughly protected.  Cities  in  the  British  colonies  where 
this  method  of  fare  collection  has  been  in  operation  for 
many  years  show  remarkable  suburban  growth  and  the 
utilities  are  financially  prosperous,  enjoying  a  consid- 
erably greater  revenue  per  car-mile  operated  than  most, 
if  not  all  of  our  American  cities  of  equal  size.  It  is  a 
matter  of  public  education  and  a  desperate  need  on  the 
part  of  the  utilities. 

Fare  collection  under  this  section  system  is  not 
difficult  or  complicated.  It  has  been  worked  out  for 
us.  All  that  is  necessary  is  to  adapt  it  to  our  local 
needs.     Transfers  must  be   reconsidered    in   any   case. 


They  have  grown  into  a  great  evil  in  many  cities  and 
have  come  to  be  considered  and  used  by  the  public  as 
much  for  round  trip  riding  purposes  as  for  a  transfer 
in  the  original  sense  of  the  word. 

One  rarely  finds  an  American  city  that  is  receiving 
adequate  street  car  service  owing  to  the  fact  that  the 
fluctuating  cost  of  the  service  was  not  taken  into  con- 
sideration when  the  selling  price  of  "the  car  ride"  was 
written  into  the  franchise  or  grant.  In  the  section 
system  of  fare  collections,  the  effect  of  rising  costs  is 
felt  much  less  by  the  individual  rider  than  with  the  one 
fare  system;  The  fare  increases  on  the  sections  b(  ing 
naturally  only  fractional  when  compared  with  necessary 
increases  on  the  one  fare  system.  A  community  should 
have  full  control  of  its  street  car  service  through  a  rail- 
way commission  appointed  by  the  city  and  in  return  the 
rider  must  pay  for  the  cost  of  the  service  he  demands 
through  his  appointed  commission. 


Pffiinidples  ©S  E(C©ini®innii£iil  Cm 
©peffaiti©!!!! 

F.  E.  Wynne 

Engineer   in    Charge,    Railway   Application    Section,  • 

Westinghouse  Electric  &  Mfg.  Company 

Certain  fundamental  principles  of  economical  car 
operation  have  been  recognized  for  many  years  and  ad- 
vocated at  irregular  intervals  by  a  number  of  engineers. 
The  seed  sown  has  taken  root,  developed  and  produced 
fruit  ill  some  cases.  However,  sound  analysis  of  oper- 
ating conditions  and  consistent  endeavor  to  co-ordinate 
the  best  service  to  the  public  with  a  satisfactory  return 
to  the  investor  have  not  been  universal.  The  failure  of 
some  railway  operators  to  appreciate  the  value  of  the 
principles  outlined,  the  timidity  or  inertia  of  others,  the 
ignorance  of  the  public,  the  paucity  of  real  educational 
publicity,  and  the  lack  of  confidence  and  co-operation 
between  the  public  and  the  railways  have  been  among 
the  contributory  causes.  The  exigencies  of  the  present 
situation  are  accelerating  the  adoption  of  .some  sound 
practices  which  help  to  conserve  fuel  and  labor  and  at 
the  same  time  imjirove  the  service  afforded  the  travel- 
ling public. 

The  Fuel  Administration  has  taken  the  lead  tnost 
effectively  in  establishing  "skip-stop"  operation  in  many 
communities.  Such  operation  is  inherently  correct  and 
its  practice  during  the  war  period  will  demonstrate  its 
advantages  to  both  the  railways  and  the  public  so  thor- 
oughly that  we  may  expect  its  extension  rather  than  a 
reversion  to  the  absurdly  frequent  stop  conditions  of 
former  years.  On  paper  and  in  practice  it  can  be 
proven  that  reduction  in  the  frequency  of  stops  de- 
creases the  work  to  be  done  by  the  car  equipment,  the 
energ}'  required  from  the  power  plant,  the  wear  and 
tear  on  rolling  stock  and  roadway,  and  increases  the 
schedule  speed.  The  railway  company  receives  benefits 
from  the  resulting  reductions  in  troubles  on  the  road 
and  in  expense  per  car-mile  for  maintenance  and  power, 
and  from  the  fact  that  on  lines  of  sufficient  length  fewer 
cars  and  crews  can  maintain  the  former  frequency  of 
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service  or  the  former  number  of"  crews  and_  cat's  can 
produce  more  frequent  service.  The  public  profits  by 
faster,  more  comfortable  and  more  frequent  service. 
The  maximum  reduction  in  energy  consumption  is  pb- 
itained  by  retaining  the  old  schedule  speed  after  the 
■stops  are  reduced  but  there  is  still  a  very  appreciable 
•economy  in  the  power  bill  where  higher  speed  is  utilized. 
In  general,  best  all  around  results  for  the  railway  are 
i^ecured  by  adopting  the  faster  schedule  and  thus  shar- 
ing the  benefits  with  its  patrons. 

An  enormous"' proportion  of  the  service  given  by 
the  electric  railways  is  wasteful  of  power  apd  fuel  be- 
cause of  careless  and  inefficient  handhng  of  ..the  cars. 
Passengers  are  not  encouraged  to  board  and  alight 
quickly,  accelerating  and  braking  rates  are.  often  below 
values  that  are  perfectly  safe  from  all  points  of  view,- 
and  cars  are  driven  over  their  routes  ahead  of  schedule 
and  the  time  gained  at  the  expense  of  power  is  absorbed 
in  loafing  at  the  terminals.  Various  effective  devices 
for  securing  crew  performance  approaching  the  ideal 
are  on  the  market.  At  the  present  time,  correct  in- 
struction in  car  operation  given  the  crews  should  be  un- 
usually productive  of  fuel  econoniy,  if  coupled  with  an 
appeal  to  their  patriotism.  * 

A  recent  railway  development  promoting  great  op- 
erating economy  and  improved  service  is  found  in  the 
"Safety  Car"-.-^"  Although  originally  intended  as  a 
"jitney-killer'V  it 'has  riot' only  performed  that  function 
admirably,  but  has  demonstrated  its  eminent  suitability 
for  meeting ^11 -the  requirements  of  many  properties. 
A  very  complete  and  readable  description  of  the  op- 
erating features' of  safety  cars  a'nd  the  results  secured 
to  date  is  given  i«  the  article  by  Mr."  "Woods  in  this  is- 
sue of  the  Journal.^ 

Last  winter's  severe  weather  was  a  source  of  much 
grief  for  the  electric  railvvays  but  the  experiences  of. 
that  period  will  be  of  general  benefit  for  the  future. 
The  troubles  due  to  insulation  failures  in  such  stormy 
weather  will  be  greatly  alleviated  by  the"  more  general 
practice  of  dipping  and  baking  motors.  "Ventilated  mo- 
tors will  be  bfetter 'protected  against  the  entrance  and 
retention  of  water,  snow  and  filth.  Although  many  en- 
gineers believe 'that  the  struggle  to  produce  motors  of 
maximum  weight  efficiency  has  led  to  somewhat  unrea- 
sonable designs>4t  is- hardly  conceivable  that  motor  de- 
sign will  reveVt  'to  the  unventilated  type.  The  limita- 
tions of  light  •  weight  mbto'rs  in  heat-storage  capacity 
and,  therefore,"  in  ability  to  handle  overloads  satisfac- 
torily, are  discussed  fully  in  Mr.  Cooper's  article  in 
this  issue.  The'  fact  that  such  limitations  are  inherent 
to  motors  of  this  type  in-troduces  new  elements  for  con- 
sideration in  motor  application.  Therefore,  complete 
knowledge  of  all  the  operating  conditions  is  essential  to 
the  selection  of  the  correct  motor  for  a  specific  serace. 
Recognition  of  these"  facts,  resulting  in  a  somewhat 
more  conservative"  selection  of  ventilated  motors,  will 
enable  the  railways  tb  realize  the  maximum  economy 
from  this  developmetit  in  motor  design. 


Tlh©  F©tu!ff41h  Lllb©ff4y  L®aini 

M.  B.  Lambert 

Assist.  Mgr.,  Railway  Dept., 

W'estinghouse  Electric  &  Mfg.  Company 

Patriotism-^To  us  who  are  here  at  home  and  on  ■ 

whom  the  boys  at  the  front  inust  depend  for  complete 

support,  another  opportunity  is  now  given  to  show  our 

patriotism   to   the   fullest   measure   by   subscribing   for 

Liberty  Bonds. 

Duty — The  greatest  reward  and  satisfaction  to  all 
of  us  is  the  belief  that  we  are  performing  our  full  duty ' 
to  God,  our  country,  our  people  and  ourselves.     Our 
full  duty  in  this  crisis  is  to  subscribe  to  the  utmost  of 
our  ability. for  Liberty  Bonds. 

Sacrifice — Performing  our  duty  patriotically  in 
these  times  wiil  undoubtedly  entail  considerable  sacri- 
fice. Yet  our  boys  at  the  front  are  making  the  supreme 
sacrifice,  believing  in  their  hearts  that  we,  at  home,  will 
make  every  sacrifice  to  support  them  in  their  struggle. 
Think  profoundly  on  the  agony  of  heart  these  boys  will 
suffer,  in  addition  to  what  they  are  now  suffering,  if  we 
do  not  provide  them  with  the  materials  and  supplies  es- 
sential to  vanquish  the  Hun. 

We,  at  home,  as  a  whole,  have  not  been  called  upon 
heretofore  to  make  much  of  an  individual  sacrifice.  To 
furnish  the  billions  of  dollars  now  needed  to  support  our 
big  army  at  the  front,  we  must  all  make  great  sacrifices. 
Let  us  overwhelm  the  Hun  with  our  determination  to 
win  and  overwhelm  our  boys  at  the  front  with  that 
priceless  feeling  of  gratitude  which  gives  added  courage 
to  their  efforts. 

Foremost  among  the  big  things  we  can  do,  is  to  buy 
as  many  Liberty  Bonds  as  possible. 

Thrift — Aside  from  the  fact  that  it  is  our  patriotic 
duty  to  support  liberally  our  brothers  and  sisters  at  the 
front,  and  make  every  possible  sacrifice  to  do  this,  our 
Government  has  arranged  so  that  it  is  really  no  perman- 
ent sacrifice  to  subscribe  for  Liberty  Bonds.  As  an  in- 
vestment, they  are  the  soundest  and  safest  on  earth. 

Thousands  of  men  and  women  today  are  the  proud 
possessors  of  Liberty  Bonds.  They  have  found  that 
they  really  do  not  miss  the  money.  If  they  had  not 
bought  Bonds,  the  money  would  have  been  spent  other- 
wise. "We  have  been  marked  the  world  over  as  a 
spendthrift  nation.  Now  is  the  time  to  correct  these 
bad  habits  and  at  the  same  time  do  our  full  share  in 
this  fight  for  Liberty. 

Every  Liberty  Bond  we  buy  gives  moral  and  phy- 
sical support  to  the  boys  "over  there"  and  makes  us 
better  and  stronger  men,  morally  and  financially. 

It  will  be  gratifying  to  us  and  to  them  if  we  can 
show  our  full  quota  of  each  and  every  Liberty  Bond  is- 
sue. The  more  we  can  show,  the  greater  will  be  our 
happiness  and  contentment  in  future  years. 

Develop  the  habit  of  thrift  and  be  in  a  position  to 
prove  when  the  boys  come  back,  that  we  did  our  part 
here  at  home.  .        . 


.l/7ar  TliUD  JCcojaoinlo^  lor  ElDcirk  Railways 


Clarence  Renshaw 


IN  REARRANGliSTG  the  productive  activities  of 
-  the  country  to  provide  for  carrying  on  the  war  with 
as  little  real  hardship  as  possible,  two  of  the  es- 
sential elements  are  the  giving  up  of  luxuries  and  the 
elimination -of  waste.  In  many  ways,  we  are  already 
familiar  with  these  ideas.  We  have  cheerfully  re- 
duced our  consumption  of  sugar,  beef,  wheat,  etc.  and 
have  become  accustomed  to  lightless  nights,  lower  rcom 
temperatures,  upper  berths  on  Pullmans,  fewer  de- 
liveries from  stores  and  other  items  of  a  similar  na- 
ture. These  things  have  been  of  considerable  import- 
ance in  a  psychological  way  in  bringing  the  war  home 
to  many  of  us,  as  well  as  in  a  material  way,  by  reducing 
the  consumption  of  the  commodities  concerned.  Best 
of  all,  we  have  found  that  while  we  have  had  to  sacri- 
fice many  ideas  to  which  we  had  long  been  accustomed, 
we  are  really  no  worse  off  for  the  parting. 

Many  further  economies  in  men  and  material  will 
undoubtedly  be  necessary  before  the  war  is  over,  and 
in  looking  for  opportunities  to  effect  them,  the  electric 
railway  systems  of  many  cities  seem  to  offer  consider- 
able promise.  The  transportation  which  these  lines  af- 
ford to  ship-builders,  munition  makers  and  other  war 
workers,  as  well  as  to' the  community  in  general  is,  of 
course,  a  service  of  vital  necessity  and  must  not  be  seri- 
ously impaired.  There  are,  however,  a  number  of 
luxuries  and  a  good  deal  of  waste  in  connection  with 
the  handling  of  the  traffic  in  some  communities,  and  if 
the  public  would  allow  the  railway  companies  to  elimi- 
nate some  of  these,  economies  could  be  effected  in  many 
cases,  not  only  without  interfering  with  the  funda- 
mental service,  but  with  a  real  improvement. 

THE    SKIP-STOP    SYSTEM 

One  of  the  first  steps  in  placing  the  electric  railway 
in  any  city  on  a  war-time  basis  is  the  adoption  of  the 
skip-stop  system.  At  the  request  of  the  U.  S.  Fuel  Ad- 
ministration, during  the  past  six  months  the  public 
authorities  in  a  large  number  of  places  have  already 
consented  to  the  adoption  of  this  system  by  the  railway 
companies.  In  many  of  them,  however  this  has  been 
permitted  only  in  part  so  that  the  full  savings  of  which 
the  system  is  capable  have  not  been  realized. 

On  the  old  basis,  the  electric  cars  in  the  large  cities 
would  stop  on  signal  at  any  street  corner.  This  usually 
meant  that  there  were  about  15  stopping  places  per 
mile.  With  the  skip-stop  system,  the  cars  stop  only  at 
certain  marked  points  and  the  number  of  these  is 
IJtjiited  to  six  or  eight  per  mile.  By  this  slight  change, 
ifjis  possible  ordinarily  to  increase  the  schedule  speed  of 
the  cars  10  or  15  percent  and  at  the  same  time  to  reduce 
the  consumption  of  power  and  fuel  by  a  corresponding 
amount.  In  many  cases,  the  increase  in  speed  permits 
a   proportionate   reduction  in  the  number  of  cars   re- 


quired to  maintain  the  necessary  headway  and  thus 
carries  with  it  a  release  of  man-power  for  other  essen- 
tial occupations  and  a  reduction  in  the  equipment  re- 
quired. 

It  is  true  that  with  the  skip-stop  system  a  certain 
number  of  people  have  to  walk  a  minute  or  a  minute 
and  a  quarter  more  than  formerly  from  residence  or 
store  to  the  nearest  stopping  point  of  the  cars.  In  spite 
of  this,  however,  with  the  interval  the  same,  so  that  one 
can  get  a  car  as  often  as  before,  and  with  the  speed  in- 
creased, so  that  after  boarding  the  car,  one  reaches  his 
destination  in  less  time  than  before,  most  people  will 
agree  that  the  net  result  of  the  change  is  an  improve- 
ment in  the  service. 

Business  Districts  Sliould  Be  Included — In  some 
cities,  the  skip-stop  system  has  been  permitted  in  the 
residen'ce  or  outlying  districts,  but  in  the  downtown  sec- 
tion all  of  the  old  stopping  points  have  been  retained 
and  stops  are  made  there  as  usual.  It  is  commonly 
argued,  in  such  cases,  that  the  number  of  stopping 
points  which  could  be  omitted  in  this  section  is  so  small 
that  the  additional  economy  obtained  by  omitting  them 
would  be  out  of  proportion  to  the  additional  inconven- 
ience it  would  cause  the  people.  This  argument,  how- 
ever, overlooks  the  fact  that  in  the  downtown  district, 
5  or  6  lines  frequently  operate  over  any  given  section 
of  track.  In  this  district  also  the  probability  of  a  car 
actually  stopping  at  any  given  stopping  point  is  at  least 
twice  as  great  as  in  any  outlying  district.  As  a  com- 
bined result,  every  stopping  place  which  can  be  omitted 
in  the  downtown  district  is  equivalent,  from  a  fuel  sav- 
ing standpoint,  to  10  or  12  stopping  places  omitted 
in  any  outlying  district  served  by  a  single  line. 

Congestion  Relieved  in  Washington — Every  stop- 
ping place  omitted  in  the  business  district  also,  is  of 
considerable  importance  in  improving  the  service.  Be- 
fore the  adoption  of  the  skip-stop  system  in  Washing- 
ton, there  were  six  stopping  places  for  northbound  cars 
and  eight  for  southbound  in  a  certain  section  of  the 
business  district  approximately  2300  ft.  long.  This 
gave  an  average  distance  between  them  for  the  two  di- 
rections of  approximately  370  ft.  During  the  hour 
from  4:30  to  5:30  P.  M.,  iii  cars  were  scheduled  to 
pass  through  the  greater  portion  of  this  section,  but 
observations  showed  that,  owing  to  the  congestion,  24 
of  these  cars  failed  to  go  through  during  the  hour.  The 
number  of  stopping  places  was  then  reduced  to  four  in 
each  direction 'in'  this  section  with  no  change  in  any 
other  part  of  the  city  (several  months  later  the  skip- 
stop  system  was  applied  throughout  the  city)  giving 
an  average  distance  of  approximately  735  ft.  When 
this  change  had  been  made,  all  cars  then  went  through 
on  schedule.  The  change,  therefore,  not  only  reduced 
the  congestion  in  the  downtown  district  immedi;;tely 
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concerned,  but  by  releasing  cars  which  had  previously 
been  held  up  there,  improved  the  service  over  the  en- 
tire system. 

It  is  obvious  that  if  the  opposite  plan  of  omitting 
stopping  places  in  the  residence  districts  but  retaining 
them  all  in  the  downtown  district  had  been  followed  in 
Washington,  there  would  have  been  little  or  no  im- 
provement in  the  congested  section  and  much  of  the 
time  gained  in  the  residence  districts  would  have  been 
sacrificed  by  delays  downtown.  The  same  principle 
holds  true  in  other  cases.  In  applying  the  skip-stop  sys- 
tem to  any  railway  as  a  war-time  economy,  therefore, 
to  enable  the  necessary  transportation  service  to  be 
given  to  the  community  in  a  way  which,  as  far  as  pos- 
sible, will  avoid  waste  of  fuel  and  man-power,  it  is  ob- 
vious that  it  should  be  done  completely  and  thoroughly. 

OVERLAPPING  LINES  A   COSTLY  LUXURY 

Another  opportunity  for  war-time  economies  in  the 
operation  of  electric  railways  in  many  cities  is  the  ar- 
rangement of  the  routes.  One  of  the  luxurious  ideas 
to  which  the  public  has  been  accustomed  in  peace  times 
is  that  of  through  cars,  so  routed  that  one  can  ride 
from  almost  any  section  of  city  or  suburbs  to  the  down- 


FIG.    I — TRACTION    LINES    HAVING    PART   OF   THE   ROUTE   IN   COMMON 

AF  =11  miles;  BF  =  lo  miles;  CF  ;=  9  miles;  DF  =  5.5 
miles;  EF  =  4  miles. 

town  district  without  change  of  cars.  The  cost  of  this 
in  cars  and  men  can  best  be  shown  by  reference  to  a 
specific  case.  The  diagram.  Fig.  i,  is  based  upon  the 
actual  conditions  in  a  certain  cit)'.  Three  suburban 
districts,  A,  B  and  C,  located  11,  10  and  9  miles  respec- 
tively from  the  center  of  the  city,  are  each  served  by  a 
line  of  cars.  At  D,  5.5  miles  from  the  downtown  term- 
inus F,  the  lines  from  A  and  B  join  and  at  E,  four 
miles  from  F,  the  line  C  also  joins.  The  normal  all- 
day  headway  is  10  minutes  on  line  A  and  15  minutes 
on  lines  B  and  C.  The  round  trip  times  are  two  hours 
and  ten  minutes,  two  hours  and  one  and  three-fourth 
hours  respectively  for  the  three  lines  and  the  number  of 
cars,  13,  8  and  7.  The  section  between  E  and  F  is  such 
that  the  line  A  alone  with  ten  minute  headway,  or  six 
cars  per  hour,  would  be  entirely  sufficient  to  serve  it, 
but  on  account  of  the  converging  of  the  three  lines, 
there  are  actually  fourteen  cars  per  hour  on  this  four 
mile  stretch. 

Great  Economy  by  Small  Change — In  putting  this 
line  on  a  war-time  basis,  so  as  to  give  reasonably  con- 
venient transportation  as  economically  as  possible,  the 
obvious  thing  would  be  to  discontinue  the  through  ser- 


vice from  B  and  C  and  transfer  the  passengers  to  and 
from  the  line  A  at  the  points  D  and  £  respectively.  On 
this  basis,'  only  four  cars  instead  of  eight,  would  be  re- 
quired for  line  B,  which  would  now  operate  between 
the  points  B  and  D  only  and  four  cars  also,  instead  of 
seven,  would  suffice  for  line  C.  Considering  the  group 
of  three  lines,  therefore,  there  would  be  a  saving  of  7 
cars  out  of  28  or  25  percent.  Assuming  service  for  18 
hours  per  day,  with  three  kw-hr.  per  car-mile  at  the 
power  house  and  2.5  lbs.  of  coal  per  kw-hr.,  the  above 
change  should  effect  a  saving  in  coal  of  over  1800  tons 
per  year,  as  well  as  releasing  28  men  for  employment  in 
essential  war  industries. 

Service  also  Improved — While  there  may  be  some 
inconvenience  to  the  passengers  to  and  from  B  and  C 
in  transferring  at  the  junction  points,  so  that  in  this 
respect  the  change  might  be  said  to  impair  the  service, 
other  effects  sliould  more  than  compensate.  The  op- 
eration of  only  six  cars  per  hour  from  line  A  in  the 
downtown  section  instead  of  fourteen  cars  per  hour 
from  all  three  lines,  as  before,  would  reduce  the  con- 
gestion in  the  streets  (especially  if  other  lines  using  the 
same  downtown  streets  were  reduced  in  a  similar  way) 
so  that  the  cars  which  did  run  could  make  better  pro- 
gress and  keep  more  nearly  on  schedule.  With  the  cars 
of  lines  B  and  C  operating  only  in  the  outlying  districts, 
where  there  is  little  to  interfere  with  them,  they  too 
should  have  less  difficulty  in  keeping  exactly  on  schedule 
so  that  in  reliability  and  uniformity  of  spacing,  the  op- 
eration of  all  three  lines  should  be  greatly  improved. 

Out  bound  passengers  waiting  anywhere  in  the  sec- 
tion EF  for  a  car  to  Z?  or  C  would  be  able  to  take  the 
first  car  which  appeared  instead  of  having  to  let  perhaps 
three  cars  pass  (two  of  line  A  and  one  of  line  C)  before 
the  right  one  came,  as  would  frequently  happen  with  the 
through  car  system.  This  would  not  only  produce  a 
good  psychological  efifect,  but  as  a  car  would  appear 
every  10  minutes  instead  of  every  15  minutes,  it  should 
save  time.  Alternate  cars  could  make  a  direct  con- 
nection at  the  transfer  point  so  that  there  would  be 
an  even  chance  of  saving  five  minutes  compared  with 
the  old  arrangement,  while  at  the  worst,  the  trip  should 
take  no  longer  than  before.  On  the  inbound  trip,  there 
might  be  a  few  minutes  lost  in  transferring,  but  broadly 
speaking,  with  the  details  properly  carried  out,  it  should 
be  entirely  possible  to  secure  this  large  saving  in  men 
and  fuel  as  an  aid  to  winning  the  war,  while  still  main- 
taining ample  service. 

Another  Example  of  Overlapping  Routes — A  more 
complex  example  of  the  same  sort  is  shown  in  Fig.  2, 
which  also  is  based  upon  the  actual  conditions  in  a  cer- 
tain city.  In  this  case,  an  effort  has  been  made  in 
routing  the  cars,  not  only  to  enable  passengers  to  travel 
from  any  section  to  the  center  of  the  city  without 
change  of  cars,  but  also  to  enable  them  to  travel  from 
any  section  to  either  one  of  several  sections  by  a 
through  route.  One  can  thus  go  from  A  to  either  E,  K 
or  C;  from  B  to  G,  H  or  K;  from  C  to  F  or  K,  etc., 
the  letters  representing  prominent  points  or  districts. 
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As  a  result  of  this  multiplication  of  routes,  the  number 
of  cars  in  the  sections  AP,  BQ,  MNF,  etc.  is  entirely 
out  of  proportion  to  the  traffic  so  that  there  is  a  waste 
of  men  and  fuel. 

In  putting  a  system  of  this  sort  on  a  basis  of  war- 
time economy,  a  number  of  alternatives  would,  of 
course,  be  possible  and  a  study  of  the  conditions  would 
be  necessary  to  tell  just  which  of  them  would  be  best. 
One  of  these  alternatives  which  should  serve  to  illus- 
trate the  general  principle  involved  is  shown  in  Fig.  3. 
With  this  arrangement,  there  is  only  one  through  route 
from  each  terminal  and  through  any  section  (except  the 
section  PIJL,  which  is  the  main  business  district  and  a 
short  section  near  the  point  K,  but  inspection  of  this 
diagram  will  show  that  it  is  possible  to  reach  almost  any 
section  of  the  city  from  any  other  section  with  a  single 
transfer.  In  some  cases,  however,  it  would  be  shorter 
to  make  two  transfers. 

With  such  an  arrangement  as  shown  in  Fig.  3,  the 
number  of  cars  on  any  line  can  be  adjusted  ttnhe  needs 
of  the  traffic  much  more  readily  and  the  cars  thus  uSed 


FIG.    2 — TYl'ICAL  EXAMPLE  OF  OVERLAPPING  ROUTES 

much  more  efficiently  than  on  the  basis  shown  by  Fig. 
2.  A  smaller  number  of  cars,  a  lesser  amount  of  fuel 
and  fewer  men  should  thus  suffice  to  give  the  necessary 
service.  There  would  be  only  six  routes  instead  of 
eight  also,  and  in  all  places  except  the  district  PIJL  and 
a  short  section  in  the  neighborhood  of  K,  a  prospective 
passenger  would  take  the  first  car  which  came  along 
and  the  system  would  be  simpler  and  easier  for  the  pub- 
lic to  understand  and  to  use. 

TRAIN   OPERATION 

In  addition  to  the  direct  economies  which  can 
sometmies  be  effected  by  eliminating  overlapping 
routes,  as  m  the  above  two  cases,  the  change  will  often 
permit  an  important  indirect  saving  by  permitting  the 
operation  of  two-car  trains  on  an  all-day  basis  mstead 
of  single  cars,  in  cases  where  otherwise  this  would  not 
be  justified.  Referring  again  to  Fig.  2,  the  normal 
mid-day  schedule  calls  for  four  minute  headway  (15 
cars  per  hour)  on  the  line  CQIJLK  and  six  minute 
headway  (10  cars  per  hour)  on  the  line  CQIJLF. 
There  is  also  a  12  minute  headway  five  cars  per  hour) 


on  the  line  BQIPH.  This  gives  30  cars  per  hour  or  an 
average  headway  of  two  minutes  on  the  section  QI. 
Even  with  these  cars  divided  into  three  routes  as  they 
are,  it  would  almost  seem  desirable  to  operate  the  first 
two  classes  as  two-car  trains  at  double  their  present 
headway  instead  of  as  single  cars.  However,  with  this 
section  operated  as  a  single  route,  it  would  obviously 
be  desirable  to  run  the  cars  in  trains  at  four  minute 
headway,  rather  than  singly  at  two  minute  headway, 
for  the  sake  of  the  economies  effected. 

The  grouping  of  the  cars  into  trains  in  this  way 
would  reduce  the  number  of  men  required  to  three  for 
every  two  cars,  instead  of  four  at  present,  so  that  even 
with  the  old  arrangement  of  30  cars  per  hour,  25  per- 
cent less  men  would  suffice.  With  the  cars  grouped  in 
units  of  two,  there  would  beonly  half  as  many  moving 
trains  as  before  and  hence,  less  congestion  on  the 
streets.  Probably,  however,  with  the  roiites  consoli- 
dated as  in  Fig.  3,  a  two-car  train  every  five  or  six 
minutes,  giving  24  or  20  cars  per  hour,  instead  of  30, 


FIG.    3 — EXAMPLE   SHOWN    IN    FIG.   2   SIMPLIFIED 

would  be  ample  and  on  the  latter  basis,  there  would  be 
a  reduction  of  50  percent  in  men,  as  well  as  a  consider- 
able saving  in  fuel  and  equipment. 

On  the  particular  line  on  which  the  above  example 
is  based,  this  saving  of  50  percent  in  man-power  would 
probably  mean  the  release  of  at  least  50  men  and  by 
applying  the  same  principles  to  other  sections  of  the 
system,  this  number  could  be  materially  increased.  In- 
asmuch as  shortage  of  labor  is  one  of  the  greatest  diffi- 
culties with  which  we  are  confronted  in  general,  and 
from  which  street  railway  service  in  particular  is  suffer- 
ing, it  will  be  seen  at  once  that  a  saving  of  such  a  mag- 
nitude would  be  extremely  important. 

Special  Trains  for  Mills  and  Factories — Train  op- 
eration, also,  will  effect  important  economies  in  many 
cases  where  large  crowds  must  be  handled  from  mills 
or  factories,  especially  where  these  are  located  several 
miles  from  the  city  as  is  frequently  the  case.  If  1500 
people,  for  instance,  are  to  be  carried  away  from  such 
a  point  at  closing  time,  then,  allowing  75  people  per  car 
20  cars  will  be  required.     If  these  are  operated  singly, 
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40  men  will  be  necessary  to  run  them.  If  they  are  op- 
erated as  two-car  trains  with  one  motorman  and  two 
conductors,  30  men  will  be  sufficient.  If  trains  of  four 
cars  are  employed  on  the  same  basis,  25  men  will  do.  If 
the  cars  are  provided  with  end  doors  so  the  conductor 
can  pass  from  one  to  the  other  and  if  prepayment  en- 
closures are  used  at  the  factory  or  if  the  cars  are  run 
through  for  a  considerable  distance  without  stops,  one 
motorman  and  two  conductors  could  then  handle  a 
four-car  train  and  a  total  of  15  men  or  less  than  40 
percent  of  the  number  required  for  single  cars,  would 
be  ample. 

It  is  obvious  that  any  scheme  which  will  permit  15 
men  to  perform  the  work  of  30  or  40  men  is  of  vital 
importance  in  these  war  times  and  should  certainly  be 
applied  where  conditions  will  permit.  Such  economy 
is  particularly  important  in  providing  transportation  to 
mills  and  factories,  since  such  service  is  usually  re- 
quired only  in  the  morning  and  evening  and  if  a  large 


I 

I 

lecond  Avq 

< 

< 

C£. 

Route  ) 

Koutc  4  ,  1 

■  ■ 

' 

p  Q. 

GS( 

1 

y 

f 

- 

l4Roules-J  and-4-=- 
1 ►* 


4 — TYPICAL  LINES  WITH 
DOWN  TOWN  LOOPS 


FIG.    5 —  CONDITIONS    SHOWN 
IN  FIG.  2  SIMPLIFIED 


number  of  extra  men  are  necessary  at  these  times  only, 
it  is  difficult  to  employ  them  efficiently  during  the  re- 
minder of  a  working  day. 

Limited  and  Local  Trains — In  operating  trains  of 
three  or  four  cars,  the  use  of  limited  and  local  trains 
can  sometimes  be  employed  to  advantage.  It  is  par- 
ticularly desirable  that  long  trains  should  make  as  few 
stops  between  terminals  as  possible.  Where  the 
majority  of  passengers  wish  to  travel  the  full  distance 
between  terminals  but  where  there  are  a  few  for  in- 
termediate points,  it  may  be  desirable  to  operate  most 
of  the  trains  as  specials  or  expresses  with  one  out  of 
every  four  or  five  as  a  local. 

One  line  on  which  such  an  arrangement  could  have 
been  employed  to  considerable  advantage  was  that  tun- 
ning to  a  certain  park,  12  miles  from  the  edge  of  a 
city.  On  Sundays  the  railway  company  frequently  ran 
two-car  trains  to  this  park,  carrying  maximum  standing 
lo^ds,  at  intervals  of  four  minutes.  A  typical  one  of 
tliese  trains  on  which  observations  were  taken  made  18 
stops  at  intermediate   local    stations  between   the   city 


limits  and  the  park,  at  which  stops  the  total  number  of 
passengers  getting  on  or  off  was  only  30  or  about  one 
sixth  of  the  number  on  the  train,  while  the  remaining 
five  sixths  made  a  through  trip.  Under  these  circum- 
stances, it  would  seem  that,  at  least  in  war  times,  it 
would  have  been  much  better  to  have  operated  most  of 
the  trains  on  a  no-stop  through  schedule'  for  the  bene- 
fit of  the  great  majority  of  people  who  wished  to  go  to 
the  park,  carrying  the  smalle:-  lumber  for  intermediate 
points  on  local  trains  at  suitable  intervals  instead  of 
having  all  trains  stop  at  local  stations.  This  would  have' 
permitted  the  through  trains  to  make  the  run  in  about 
33  minutes,  instead  of  40,  and  would  have  effected  ma- 
terial savings  in  men,  power  and  equipment. 

THROUGH    ROUTES 

Fig.  4,  indicates  the  conditions  which  are  found  in 
the  business  districts  of  a  certain  city  except  that  only 
four  different  routes  are  indicated,  while  actually  tliere 
are  20.  Each  line  starts  from  an  outlying  section,  runs 
to  the  business  district,  turns  on  a  loop  and  returns. 
Even  witli  only  the  four  routes,  it  will  be  seen  that  the 
lines  cross  and  recross  each  other  a  number  of  times  so 
that  the  congestion  in  the  rush  hour  can  well  be 
imagined.  This  condition  is  not  unusual  but  is  prac- 
tically duplicated  in  other  cities. 

It  happens  that  in  this  city,  the  headways  and  gen- 
eral conditions  on  routes  /  and  2  are  much  the  same 
so  that  it  would  be  a  simple  matter,  instead  of  operating 
these  lines  separately  and  turning  each  on  a  loop  as 
shown  to  consolidate  them  and  run  the  cars  through 
from  the  east  side  of  the  city  to  the  west  and  vice 
versa.  A  similar  consolidation  could  also  be  made  of 
the  nordi  and  south  lines,  routes  j  and  4.  If  these  con- 
solidations were  made,  the  operation  of  the  cars  should 
then  be  as  indicated  in  Fig.  5,  and  by  comparing  this 
with  Fig.  4,  its  advantages  will  be  obvious. 

Considering  route  /,  it  will  be  seen  that  a  car  in 
passing  around  the  loop  from  First  Avenue  and  A 
Street  to  E  Street  and  return  must  cover  10  blocks.  In 
the  same  way,  a  car  of  route  2,  in  passing  around  its 
loop,  must  traverse  12  blocks,  making  a  total  of  22 
blocks  each  time  a  car  enters  and  leaves  the  business 
district  on  these  two  routes.  With  the  lines  consoli- 
dated as  in  Fig.  5,  exactly  the  same  result  is  accom- 
plished by  running  one  car  along  First  Avenue  from  A 
to  H  Street  and  another  in  the  opposite  direction  from 
H  to  A  Street.  This,  however,  requires  the  covering 
of  only  7  blocks  by  each  car  or  14  in  all,  thus  saving  8 
blocks  of  probably  450  feet  each,  or  more  than  two 
thirds  of  a  car-mile  for  each  round  trip,  as  well  as  cut- 
ting out  the  turning  of  eight  corners. 

The  loops  of  routes  3  and  4  are  shorter  and  do  not 
overlap  as  much,  but  even  in  the  case  of  these,  there  is 
a  saving  of  six  blocks,  or  more  than  one-half  of  a  car- 
mile  per  round  trip.  The  speed  of  the  cars  in  the  busi- 
ness district  of  any  city  during  the  rush  hours  is  usually 
below,  rather  than  above,  five  miles  per  hour  and,  in  the 
case  fron;i  which  the  above  facts  were  taken,  the  cars 
required  about  one  minute  per  block.     The  combination 
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AB  -  7  15  Miles 
CD  -  5  59  MiJes 
AC  -  0,615  Milea 
CE  -  1.15    Miles 


would  thus  have  saved  about  eight  minutes  by  the  con- 
soHdation  of  routes  i  and  2  and  six  minutes  by  the  join- 
ing of  routes  3  and  4.  This  would  have  been  enough 
to  save  one  car  from  the  combination  of  routes  3  and 
4  and  probably  two  cars  form  that  of  routes  /  and  2. 
In  addition  to  this  saving,  however,  the  reduction  in 
time  would  have  made  the  service  more  convenient, 
while  the  reduction  in  congestion  would  have  made  it 
more  reliable. 

TIME  TABLES  VERSUS   CLOSE   HEADWAYS 

;  One  of  the  fundamental  theories  on  which  the  elec- 
tric railways  of  most  cities  have  always  been  operated 
is  that  the  cars  run  at  such  frequent  intervals  that  when 
one  wishes  to  board  a  car,  he  can  go  at  once  to  the 
nearest  stop  without  bothering  to  notice  the  time.  The 
effort  to  live  up  to  this  idea  is  often  a  costly  one  and 
leads  to  the  operation  of  a  large  excess  of  seat-miles 
over  passenger-miles  on  certain  parts  of  routes  and  at 
certain  times  of  the  day. 

On  the  lines  shown  by  % 
Fig.  6,  which  may  be  regarded 
as  a  more  or  less  typical  ex- 
ample, cars  are  operated  dur- 
ing the  mid-day  hours  from 
^  to  .S  at  six  minute  headway 
(10  cars  per  hour  and  from 
C  to  i?  at  four  minute  head- 
way (15  cars  per  hour).  Be- 
low the  point  E,  where  there 
is  a  cross-over,  the  cars  are 
well  filled  even  during  the 
non-rush  hours,  but  between 
A  and  E  and  C  and  E,  many 
of  them  run  with  a  half-dozen 
passengers  or  less. 

It  would  seem  that  in  ap- 
plying war-time  economies  to 
a  case  of  this  kind,  the  cars 
which  now  run  from  C  to  D 
might  be  nm  instead  from  E 

to  D,  thus  saving  2.5  miles  per  car  of  each  round  trip 
and  that  one-half  of  the  cars  which  now  run  from  A  to 
B  might  also  turn  back  at  E,  thus  saving  3.75  miles  per 
round  trip  for  each  car  thus  turned.  On  a  basis  of 
the  headways  indicated  above,  this  would  save  56.25 
car-miles  per  hour  or  if  it  were  effective  for  10  hours 
per  day,  over  200  000  car-miles  per  year.  Even  if  only 
one-half  as  many  cars  as  have  been  considered  above 
were  operated  on  this  line,  there  would  still  have  been 
a  saving  of  over  100  000  car-miles  per  year,  which 
would  be  well. worth  while  on  any  system. 

One  of  the  first  .things  which  suggests  itself  when 
an  electric  railway  company  is  obliged  to  economize  is 
lengthening  the  headways  and  thus  operating  fewer 
cars.  Unfortunately,  how;ever,  where  people  have  been 
educated  to  catch  cars  by  going  to  the  corner  and  wait- 
ing, increasing  the  headway  leads  to  complaints  and 
often  to  considerable  decreases  in  revenue,  so  that  un- 
less other  steps  are  taken,  economies  of  this  sort  can 


FIG.  6 —  conditions'  under 

WHICH      SHORT      RUNS      ARE 
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easily  be  carried  too  far.  If  the  people  were  educated 
to  catch  cars  by  schedule,  however,  and  given  the  nec- 
essary information  to  enable  them  to  do  this,  equally 
convenient  service  could  then  be  given  with  longer 
headways  and  economies  effected  without  the  above  ob- 
jections. This  is  clearly  indicated  by  a  pei'sonal  ex- 
perience. 

A  short  time  ago,  I  wanted  to  travel  over  a  certain 
car  line.  I  knew,  in  a  general  way,  that  the  cars  were 
supposed  to  run  every  15  minutes.  As  the  point  at 
which  I  could  most  conveniently  board  the  car  was  a 
prominent  one,  I  thought  the  car  might  perhaps  be  due 
there  exactly  on  the  quarter  hour,  so  I  went  a  minute  or 
two  before  quarter  of  two.  The  car  did  not  appear 
for  some  little  time  and  when  it  did  arrive,  I  noted  it 
was  2 :53.  I  judged,  therefore,  that  instead  of  being 
due  on  the  quarter  hour,  the  cars  were  due  eight 
minutes  after.  Two  days  later,  I  again  wanted  to  take 
this  car.  I  was  able  to  start  a  little  earlier  this  time 
and,  remembering  my  previous  experience,  I  planned  to 
be  at  the  corner  at  i  :23,  thinking  I  would  thus  avoid 
waiting.  Once  again,  however,  I  was  mistaken  for  this 
time  the  car  came  exactly  at  i  :30  and  I  am  still  in  the 
dark  as  to  which  of  the  two  cars  was  late,  or  what  time 
they  were  due.  When  I  again  use  this  line,  therefore, 
I  will  have  to  figure  on  waiting  at  least  7  or  8  minutes, 
as  before,  or  possibly  13  or  14. 

It  will  be  obvious  to  anyone  who  stops  to  analyze 
the  situation  that  on  account  of  this  factor  of  ignorance', 
cars  must  be  run  much  closer  together  to  afford  a  given 
amount  of  convenience  to  passengers  than  would  be  the 
case  if  the  schedules  were  definitely  announced  and 
maintained.  In  the  case  I  have  cited,  for  instance,  the 
service  would  have  been  much  more  satisfactory  to  me 
if  the  cars  had  run  every  20  or  even  30  minutes  instead 
of  every  15  minutes,  provided  the  schedule  had  been 
definitely  announced,  instead  of  being  concealed. 

Judging  other  people  by  myself,  this  same  principle 
applies  also  to  much  shorter  headways.  I  would  much 
prefer,  for  instance,  to  be  served  by  a  line  operating 
at  12  or  15  minutes  headway  by  definite  time  table,  than 
by  one  operating  at  10  minutes  headway  on  the  hit  or 
miss  basis,  or  by  one  giving  10  minute  headway  by  regfu- 
lar  schedule,  rather  than  7.5  minute  headway  without. 

I  firmly  believe,  therefore,  that  if  this  idea  is  prop- 
erly made  use  of,  war-time  economies  can  be  effected  in 
many  cases  by  increasing  the  headway  with  an  increase, 
rather  than  a  decrease  in  the  convenience  afforded,  and 
hence  with  an  improvement,  rather  than  a  falling  off, 
in  financial  returns. 

COASTING 

A  motorman,  properly  trained  in  operating  electric 
cars,  can  maintain  his  schedule  with  a  much  lower  con- 
sumption of  power  than  one  who  has  not  been  in- 
structed in  such  matters  and  who,  therefore,  pays  no  at- 
tention to  the  principles  of  economy.  The  reduction 
in  the  fuel  required  for  operating  a  given  railway  which 
can  be  brought  about  by  more  skillful  handling  of  the 
cars  is  often  an  important  item.     To  realize  on  this  pos- 
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sibility,  however,  usually  requires  greater  and  more 
continued  effort  than  for  any  of  the  other  plans  pre- 
viously suggested.  On  the  other  hand,  this  is  a  matter 
in  which  the  public  is  in  no  way  concerned,  so  there  is 
no  question  of  authority  or  jurisdiction. 

An  electric  car  rolls  so  easily  that  when  it  has 
once  been  started  on  any  particular  run,  the  power  may 
be  cut  off  and  even  on  slight  up  grades,  if  the  brakes 
are  not  applied,  it  will  continue  to  move  for  a  consider- 
able distance  with  very  little  loss  in  speed.  If  proper 
advantage  is  taken  of  this  fact,  power  need  be  applied 
only  to  bring  the  car  up  to  the  necessary  speed.  It  can 
then  be  allowed  to  coast,  or  run  by  itself  until  it  is  tmie 
to  apply  the  brakes.  It  is  obvious  that  if  power  is  kept 
on  too  long  and  the  car  is  given  too  much  of  a  start,  the 
brakes  must  be  applied  to  check  it  sooner  than  would 
otherwise  be  necessar3\  Economical  operation  consists 
in  avoiding  this  and  in  applying  just  the  right  amount 
of  power  at  each  start  to  take  the  car  at  the  desired 
speed  to  the  ne.Kt  stop. 

It  is  just  as  easy  to  handle  a  car  the  right  way  as 
the  wrong  way — in  fact  it  lends  interest  to  the  work — 
and  if  a  man  is  properly  instructed  in  the  beginning, 
there  is  no  reason  he  should  not  continue  on  the  same 
basis.  The  difficulty  is,  however,  that  many  instructors, 
themselves,  do  not  understand  the  importance  of  the 
mattei-  or  how  to  present  it  to  their  pupils,  and  they  are 
frequently  satisfied  when  a  recruit  is  able  to  get  his  car 
over  the  road  on  time  and  without  accident,  regardless 
of  the  amount  of  power  consumed  in  the  process. 

There  are  various  devices  on  the  market  to  assist, 
by  giving  a  record  of  the  power  used,  the  time  of  coast- 
ing, the  time  power  is  on,  etc.  in  securing  the  saving  of 
power  which  comes  from  proper  handling  of  the  cars. 
These  devices  are  often  of  considerable  benefit  by  fur- 
nishing a  tangible  record  of  the  performance  of  a  man 
and  thus  enabling  him  to  see  the  results  of  his  efforts, 
or  by  showing  the  instructor  where  his  services  are  most 
needed.  They  do  not,  however,  obviate  the  necessity 
for  proper  teaching  in  the  beginning  and  a  continued 
effort  to  keep  vip  an  interest.  In  endeavoring  to  save, 
as  a  means  of  meeting  war-time  conditions,  the  economy 
in  power  and  fuel  which  can  be  effected  on  many  rail- 
ways by  better  handling  of  the  cars  should  not  be  over- 
looked. While  the  installation  of  any  of  the  various 
devices  on  the  cars  to  indicate  the  results  obtained  will 
undoubtedly  be  a  help,  the  lack  of  these  should  not  be 
considered  as  a  reason  for  delaying,  or  neglecting  this 
important  matter. 

REDUCTION  IN   HEATING 

It  is  often  suggested  in  the  interests  of  economy  in 
power  and  fuel  that  the  heating  of  the  cars  be  reduced 
during  the  w^inter,  particularly  in  the  rush  hours.  The 
amount  and  the  percentage  of  power  and  fuel  used  for 
the  heating  of  cars  varies  widely,  of  course,  with  the 
size  and  kind,  as  well  as  with  the  climatic  conditions. 
In  the  case  of  one  city  for  which  the  information  is  at 
hand,  approximately  4500  tons  of  coal,  out  of  the  total 


amount  of  79000  tons  which  was  burned,  was  required 
to  furnish  heat  in  the  cars.  This  is  5.7  percent.  It 
was  estimated  that  about  one  third  of  the  4500  tons,  or 
1500  tons  (1.9  percent  of  the  total  burned)  was  re- 
quired for  heat  during  the  rush  hours.  It  is  quite  bkely 
that  in  a  more  northerly  city,  this  proportion  would 
have  been  increased,  possibly  by  as  much  as  50  percent. 
There  are  undoubtedly  many  cases  where  cars  are 
heated  unnecessarily  at  times  and  in  the  interest  of 
economy,  as  well  as  health,  it  is  desirable  that  this 
should  be  avoided.  The  cutting  off  of  heat  to  a  greater 
extent  than  this,  however,  is  rather  a  mistake  and 
should  not  be  resorted  to  until  all  other  reasonable 
economies  have  been  put  into  effect.  When  discom- 
fort, or  even  suffering,  is  really  necessary  in  the  in- 
terests of  the  war,  all  of  us  are  willing  to  endure  them 
cheerfully.  If  we  feel,  however,  that  we  are  subjected 
to  them  unnecessarily,  while  conspicuous  waste  is  al- 
lowed to  go  unchecked  in  other  quarters,  it  not  only 
arouses  our  antagonism,  but  weakens  our  faith  in  the 
efliciency  of  government  officials.  Asking  us  to  ride  in 
cold  cars  therefore,  to  save  fuel,  while  these  same  cars 
waste  several  times  the  amount  thus  saved  by  making 
imnecessary  stops,  or  by  inefficient  routing,  etc.,  is  one 
of  the  worst  of  bad  policies.  There  is  room  in  many 
cities  to  effect  economy  by  intelligent  regulation  of  heat 
to  prevent  unnecessary  temperatures ;  it  should  not  be 
carried  to  the  point  of  operating  unpleasantly  cold  cars, 
however,  at  least  until  obvious  economies  in  other  di- 
rections have  first  been  arranged  for.  Consistency  is 
always  desirable  and  in  no  case  is  it  more  important,  or 
is  the  lack  of  it  likely  to  do  more  actual  harm  to  the 
cause,  than  in  endeavoring  to  effect  war  time  economies. 

NATIONAL  DIRECTION    NEEDED 

The  great  difficulty  with  the  above  program  of 
economies,  however,  is  the  lack  of  machinery  for  carry- 
ing it  into  effect.  The  officials  of  the  railway  com- 
panies in  the  various  cities  are  in  most  cases  entirely 
familiar  with  the  principles  involved,  and  with  the 
economies  which  can  be  effected.  On  account  of  fran- 
chise requirements,  public  feeling  or  agreements  with 
employes,  however,  they  are  powerless  to  carry  them 
out.  The  public  and  the  employes  on  their  part  are 
willing  to  agree  cheerfully  to  any  changes  which  may 
be  necessary  for  the  successful  carrying  on  of  the  war, 
but  unfortunately,  they  mistrust  the  railway  company 
to  such  an  extent  that  they  are  not  willing  to  accept  its 
statements  alone  as  to  the  necessity  of  modifying  pre- 
vious practices.  The  State  Public  Sen'ice  Commis- 
sions, in  many  cases  would  seem  to  afford  unprejudiced 
bodies  for  deciding  such  questions.  These  commissions 
however,  have  no  direct  connection  with  the  National 
Government,  and  hence,  lack  the  information  to  enable 
them  to  speak  with  authority,  as  to  war  necessities. 

If  some  national  body,  such  as  a  division  of  the 
War  Industries  Board  were  appointed  to  investigate 
these  matters  in  the  various  cases,  and  suggest  specific 
measures  to  the  railways,  and  the  communities  con- 
cerned, we  believe  that  all  parties  would  cheerfully  co- 
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operate,  and  that  any  rulings  such  a  body  would  make 
would  be  quickly  carried  out.  The  electric  railway  in- 
dustry seems  to  offer  a  considerable  field  for  important 
war  economies,  not  only  along  the  lines  mentioned,  but 
in  other  ways,  and  in  order  that  these  may  be  put  into 
effect,  it  is  to  be  noped  that  some  competent  body  of 
this  sort  will  be  created  for  this  purpose. 

A  similar  procedure  in  the  central  station  field  was 


adopted  some  time  ago,  but  not  soon  enough  to  prevent 
a  serious  power  shortage  in  various  parts  of  the  coun- 
try. In  the  interests  of  conserving  the  resources  of  the 
electric  railways  for  the  nation,  and  maintaining  proper 
service  in  the  various  communities,  and  of  doing  this 
with  reasonable  economy  in  men,  equipment,  and  fuel, 
it  is  important  that  some  competent  national  authority 
be  established  for  the  task. 
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FOR  nearly  a  century  steam  has  moved  our 
freight;  more  recently  gasoline  has  been  hauling 
many  thousands  of  tons  of  freight  in  the  direc- 
tion of  the  battlefields  of  France.  The  motor  truck  is 
doing  wonders  in  the  army  transport  service,  but  it 
must  not  be  considered  as  a  cure-all  for  transportation. 
The  electric  railways  are  able  to  haul  millions  of  tons  of 
freight  on  thousands  of  miles  of  rails  over  which  now 
hardly  moves  one  car  per  hour. 

The  Chamber  of  Commerce  of  the  United  States 
fully  realizes  the  importance  of  the  electric  railway  as  a 
valuable  utility  and  has  asked  authorities  to  give  prompt 
and  sympathetic  hearing  to  utility  petitions  for  assist- 
ance and  relief  due  to  the  unusual  financial  conditions. 
Increased  rates  are  of  vital  iinportance  to  the  utilities, 
but  even  more  important  to  the  government  is  the  de- 
velopment of  electric  railway  freight  haulage. 

The  spirit  of  the  age  is  conservation.  The  prodi- 
gal use  of  man-power  cannot  be  permitted  to  continue. 
Millions  of  tons  of  freight  can  be  moved  by  the  elec- 
tric lines  with  only  a  slight  increase  in  men,  as  com- 
pared with  highway  transportation.  The  handling  of 
500  tons  of  freight  by  motor  truck  would  require  at 
least  100  men  driving  100  five-ton  units;  but  by  electric 
railway  it  would  require  three  or  four  men,  and  this 
same  train  crew  could  easily  handle  four  times  as  much 
freight.  The  electric  railway  requires  but  one  man  for 
every  thirty  to  handle  the  same  tonnage  by  motor  truck, 
not  counting  the  extra  men  needed  to  maintain  and  re- 
pair the  highways.  The  investment  in  rolling  stock 
alone,  to  haul  500  tons  of  freight  is  easily  i  to  10  in 
favor  of  the  electric  railway,  including  the  electric  lo- 
comotive. 

Inherent  operating  conditions  on  electric  railwa3'S 
permit  the  realization  of  potential  possibilities  that  are 
of  great  significance  in  this  day  of  car  shortage.  One 
electric  freight  trailer  car  in  service  is  equivalent  to 
five  steam  road  freight  cars,  and  one  electric  motor 
car,  which  may  haul  several  trailers,  to  three  steam 
freight  cars.  This  is  conclusive  evidence  of  the  high 
load  factor  or  efficient  utilization  of  freight  rolling  stock 
possible  on  electric  railway  systems. 

It  is  unfortunate  that  an  electric   railway  invest- 


ment of  nearly  si.x  billion  dollars,  representing  a  mile- 
age equivalent  to  practically  one-seventh  of  the  steam 
railroads  of  this  country,  many  miles  of  which  is  avail- 
able for  freight,  should  be  used  to  but  50  percent  of  its 
earning  power.  In  many  localities  shippers  need  the 
use  of  this  valuable  carrier.  It  should  be  developed ;  it 
should  be  fostered  and  released  from  some  of  the  re- 
strictions that  prevent  full  use  of  its  facilities. 

Mr.  P.  H.  Gadsden,  resident  member  of  the  Ameri- 
can Electric  Railway  War  Board,  and  president  of  the 
Charleston  Consolidated  Railway  &  Lighting  Company, 
Charleston,  S.  C,  recently  stated  that  the  possibilities 
of  electric  freight  haulage  have  hardly  been  touched 
and  the  effort  to  transport  more  freight  is  a  national 
duty.  A  prominent  manufacturer  recently  told  the 
Transportation  Board  of  the  Cleveland  Chamber  of 
Cotnmerce  that  the  same  effort  applied  to  secure  local 
shipments  via  the  electric  railways  would  be  of  greater 
benefit  to  the  country  than  if  handled  by  the  motor 
trucks.  Further,  that  the  real  solution  in  territories 
served  by  electric  railways  lies  in  the  utilization  of  their 
service,  as  the  efficiency  of  the  electric  road  undoubt- 
edly can  be  made  greater  than  is  possible  for  any  sys- 
tem of  highway  transportation  for  distances  exceeding 
20  miles.  The  science  of  road  building  has  not  pro- 
duced roads  that  stand  up  under  the  heavy  motor  truck. 
Why  experiment,  when  the  maintenance  of  electric 
roads  can  be  figured  accurately? 

Restrictions  that  are  now  preventing,  in  many 
cases,  electric  railways  from  hauling  freight  cars 
through  streets  are  cheating  the  nation  out  of  one  more 
eft'ective  weapon  against  Kaiserism.  There  are  too 
many  of  these  heritages  of  pioneer  railroad  days. 
Money  spent  to  date  by  many  electric  lines  for  paving 
alone  would  have  purchased  right-of-ways  so  that  elec- 
tric freight  haulage  could  have  developed  unhampered. 

The  actual  everyday  ways  of  using  the  electric 
railway  to  move  more  freight  and  help  win  the  war  are 
humanly  interesting.  Long  before  the  war  the  electric 
railway  had  shown  its  ability  as  a  freight  carrier  and 
valuable  public  servant.  For  years  the  railroads  of 
Iowa  have  been  hauling  the  grain  and  stock  from  our 
prairies.     Notably   among   these   are   the   Fort   Dodge, 
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Des  Moines  and  Southern  Railroad,  Interurban  Rail- 
way of  Des  Moines,  and  the  Waterloo,  Cedar  Falls  & 
Northern  Railway.  Each  of  these  lines  is  the  equiva- 
lent of  a  steam  railroad  with  a  trolley  wire  over  it. 

The  Waterloo,  Cedar  Falls  &  Northern  Railway  is 
the  pioneer  electric  line  to  arrange  with  the  steam  rail- 
roads for  the  interchange  of  freight.  As  a  result,  more 
than  70  per  cent  of  the  switching  from  steam  roads  en- 
tering Waterloo  with  its  155  factories  is  performed  by 
this  line.  Similarly,  several  steam  trunk  lines  entering 
Cedar  Rapids  are  fed  by  the  electric  line  since  it  sei  ves 
a  northern  territory  that  does  not  enjoy  adequate  steam 
service. 

In  the  Central  States,  where  the  electric  railway 
has  long  been  considered  as  one  of  the  most  important 
factors  in  the  economic  development  of  communities, 
the  electric  lines  are  not  only  hauling  passengers,  but 
are  carrying  all  classes  of  freight  commodities. 
Indianapolis,  the  interurban  center  of  the  country,  now 


"electric."  Hogs  generally  lost  about  five  pounds  each 
in  shipment  by  steam,  but  the  new  way  eliminates  this 
loss  on  account  of  the  short  time  in  transit,  which  prac- 
tically balances  the  freight  charges;  hence,  the  farmer 
figures  free  transportation.  Handling  stock  is  the  least 
desirable  freight,  but  illustrates  that  electric  lines  can 
perform  valuable  service.  Last  winter,  many  of  the 
electric  railways  were  the  only  transportation  agencies 
moving  a  wheel  during  and  after  a  severe  storm,  includ- 
ing steam  trunk  and  motor  truck  lines. 

The  experience  of  another  line  is  significant.  The 
Chicago,  North  Shore  &  Milwaukee  Electric  Railroad, 
which  skirts  the  western  shores  of  Lake  Michigan  be- 
tween Chicago  and  Milwaukee,  is  in  an  excellent  posi- 
tion to  serve  the  numerous  fast-growing  industries  lo- 
cated along  its  lines.  The  shippers  of  this  territory^ 
already  recognize  the  great  value  of  tlie  reliable  service 
rendered  by  the  line.  The  traffic  has  grown  so  fast  that 
even  with  the  erection  of  new  freight  houses  many  of 


t'lG.    I — MB.-VVY   ELECTRIC   FREIGHT  TRAIN    0\    THE   PIEDMONT  AND  NORTHERN    IIM.S 

Handling  standard  steam  railroad  rolling  stock  and  giving  interchange  service.     Sixty  percent  of  the  income  of  this  line 
IS  derived  from  freight  operation  on  its  nearly  300  miles  of  track. 


has  freight  handling  facilities  completed  and  under 
construction  that  would  do  justice  to  many  a  steam  road 
freight  terminal.  One  item  of  great  significance,  when 
considering  the  electric  line  as  a  factor  in  relieving 
freight  congestion  and  alleviating  public  suffering,  is  of 
timely  interest.  Last  winter,  due  to  car  shortage  on 
steam  lines,  it  was  impossible  for  farmers  to  secure  cars 
for  hauling  their  hogs  and  cattle  to  the  Indianapolis 
market;  The  Food  Administration  appealed  to  the  elec- 
tric lines  aild  dtiring  the  winter  months  over  1000  car- 
loads of  hogs  were  brought  to  this  market.  The  usual 
procedure  was  as  follows: — 

A  day  or  two  in  advance  the  farmer  notified  the 
interurban,  and  at  a  specified  hour  on  a  certain  day  the 
electric  freight  train  of  two  to  six  cars  was  waiting  for 
him.  Two  or  three  holirs  later  the  shipment  was  at 
the  stock  yards,  and  the  farmer  with  his  check,  in  an- 
other two  or  three  hours,  was  on  his  way  home  via  the 


these  are  not  large  enough  to  take  care  of  the  ever-in- 
creasing quantities  of  freight  offered  for  transit. 

Great  relief  is  possible  for  freight  congestion  to  all 
points  on  the  "North"  Shore"  route  between  Chicago 
and  Milwaukee,  if  the  Chicago  city  council  would  ap- 
prove the  plans  for  handhng  freight  over  the  elevated 
and  surface  lines  during  the  night.  With  the  extension 
of  freight  hauling  in  the  Chicago  district,  this  electric 
line  would  not  be  restricted  to  local  freight,  but  could 
interchange  traffic  with  other  lines  radiating  from 
Chicago.  This  line  not  only  took  care  of  passengers 
last  winter,  but  when  the  steam  railroads  were  tied  up, 
meat,  milk  and  coal  were  ha\iled  to  many  storm-seiged 
towns  via  the  "electric",  avoiding  what  might  have  been 
a  real  famine.  Ninety  cars  of  coal  were  delivered  to 
the  Great  Lakes  Naval  Training  Station  just  before  one 
storm  broke  in  all  its  fury.  This  timely  assistance 
saved  the  great  training  camp  with  its  200CX)  Jackics 
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from  suffering  for  lack  of  fuel.  The  same  station  was 
also  threatened  with  a  bread  famine,  but  a  carload  was 
shipped  by  the  electric  line. 

The  industrial  center  served  by  the  Detroit  United 
Railway  System  could  be  benefitted  to  a  greater  degree 
even  than  at  present  from  the  fast  service  performed 
by  this  line,  through  closer  attention  to  the  proper  rout- 
ing of  shipments.     In  the  Detroit  territory  companies 


FIG.   2 — EAST     SIDE     FREIGHT    TERMIN.'VL     OF     THE    DETROIT     UNITED 
RAILWAYS 

Over  2200  cars  are  loaded  monthly  at  this  terminal.  The 
West  Side  Terminal  of  similar  capacity  is  under  construction. 
When  this  is  completed,  the  two  will  load  approximately  5000 
cars  per  month.  These  are  the  largest  electric  railway  freight 
terminals  in  the  world,  but  will  be  equalled  by  the  Indianapolis 
terminal,  which  is  about  one-third  completed.  This  picture  also 
shows  a  type  of  interurban  freight  cars  which  are  used  in 
many  parts  of  the  country',  being  made  to  conform  to  the  gen- 
eral appearance  of  the  interurban  passenger  cars  both  in  shape 
and  color,  owing  to  local  prejudice.  This  type  of  prejudice 
must  be  overcome  before  the  country  can  reap  the  benefit  of 
electric  railway  freight  haulage  in  the  face  of  the  prodigal 
waste  of  man  power  and  destruction  of  highways  by  motor 
trucks. 

manufacturing  airplane  motors  have  often  been  obliged 
to  make  shipments  by  express,  because  of  not  being  able 
to  get  them  over  the  steam  lines  fast  enough.  As  the 
Detroit  United  through-freight  service  reaches  two 
important  aviation  fields,  those  at  Mt.  Clemens,  Michi- 
gan, and  Dayton,  Ohio,  a  very  rapid  transit  is  possible, 
which  is  less  expensive  and  is  practically  express  type 
of  electric  freight  operation.  Although  the  steam  roads 
have  sidings  into  the  aircraft  plants,  there  is  no  reason 
why  the  electric  cars  of  this  system  could  not  be  "set 
out"  at  these  plants  for  such  shipments,  and  help  speed 
up  aircraft  production. 

Camp  Dodge,  Iowa,  with  accommociations  for 
25  000  troops,  was  constructed  from  material  hauled  in 
10  563  standard  steam  road  cars  during  seven  months 
over  the  12  mile  line  of  the  Interurban  Railway  of  Des 
Moines.     This  included  the  transportation  of  building 


materials,  supplies,  food,  munitions,  cattle  and  horses. 
At  the  time  this  camp  was  established  it  was  thought 
impossible  for  the  electric  line  to  handle  all  the  traffic. 
However,  neither  of  the  two  steam  lines,  the  furthest  of 
which  was  only  three  miles  away,  cared  to  extend  their 
lines  into  the  camp.  Hence,  all  freight  had  to  be  inter- 
changed with  the  electric  line.  The  service  has  proved 
satisfactory  beyond  all  expectations. 

It  is  evident  that  immediate  relief  can  be  secured 
for  the  steam  railroads  through  assistance  from  an  ex- 
isting facility  which  only  needs  proper  fostering  to  be- 
come at  once  an  important  factor  in  our  present  na- 
tional emergency  and  for  the  future. 

In  order,  therefore,  to  affect  this  relief  there  should 
be:— 

I — Universal  interchange  of   freight  rolling  stock 
between  steam  and  electric  lines  that  can  handle 
steam   rolling  stock,  and   Federal  financial  aid 
to  those  electric  lines  which,  with  this  assist- 
ance, could  carry  this  additional  traffic, 
2 — Co-ordination  of  all  transportation  facilitie?.- 
a — Steam  railroads  for  long  hauls. 
b — Electric  railways  for  short  hauls,  elim- 
inating   duplication    of    passenger    and 
freight  service  between  steam  and  elec- 
tric lines, 
c — Motor  trucks   to   serve   industrial   cen- 
ters ;    to    be    available    for    unloading 
freight  cars  arriving  at  terminals,  thus 
releasing  them  for  immediate  reloading, 
and  to  act  as  feeders  to  steam  and  elec- 
tric   lines    from    districts    lacking    rail- 
facilities. 


FIG.    3 — TYPICAL    MARKET   TRAIN 

Carrying  hogs  into  the  Indianapolis  Market.  Over  looo 
carloads  of  hogs  and  cattle  were  handled  over  the  interurban 
lines  entering  Indianapolis  last  winter.  Such  trains  can  be 
hauled  through  the  heart  of  the  city  to  the  abattoirs. 


TLo  Shcc/^'as  of 


Safety  Car 


G.  M.  Woods 


The  general  construction  and  details  of  equipment  of  the  safety  car  are  well  known  to  practically  all 
men  interested  in  the  electric  railway  industry.  The  various  features  that  are  most  important  in  contri- 
buting to  the  ease  of  its  operation  by  one  man,  its  appeal  to  the  car  riders  and  the  car  operators,  and  the 
economics  of  operation  which  it  effects  cannot,  however,  be  reviewed  too  extensivelv. 


THE  air  brake  equipment  with  its  combination  of 
automatic  safety  devices  which  have  given  the 
safety  car  its  popular  name  is  probably  the  great- 
est factor  in  rendering  the  car  easily  and  safely  operated 
by  one  man.  The  brakes,  door  and  step,  and  the  sand- 
ing of  the  track  are  all  controlled  by  one  brake  valve. 
The  arrangement  of  the  valve  is  such  that  the  step  must 
be  up  and  the  door  closed  before  the  brakes  are  released 
and  hence  before  the  car  is  started.  The  brakes  are 
applied  and  the  car  brought  to  a  stop  before  the  door  is 
opened  and  the  step  lowerd.  If  the  operator  removes 
his  hand  from  the  electrical  controller  handle  while  the 
car  is  moving,  an  emergency  application  of  the  brakes 
is  made,  the  circuit  breaker  is  opened,  the  track  is 
sanded  and  the  door  is 
opened.  A  foot  valve  can 
be  held  down  by  the  mo- 
torraan,  and  allows  him  to 
take  his  hand  from  the 
controller  handle  in  order 
to  make  change  or  issue 
transfers  while  the  car  is 
in  motion.  Sand  can  be 
applied  to  tlie  rails  by 
simply  pressing  down  on 
the  brake  valve  handle. 

The  use  of  24  inch 
wheels  and  the  low  car 
floor  make  a  motor  of 
small  armature  diameter 
essential.  The  inotors 
differ  from  older  types  in 
the  use  of  higher  grade 
materials     and      higher 

armature  speeds  which  in  turn  necessitate  higher  pitch 
gearing  than  was  previously  common  in  railway  use. 
The  result  is  a  motor  of  25  hp  (two  of  which  have  ample 
capacity  for  the  service)  weighing  complete  only  900 
pounds.  Some  of  the  older  motors,  rated  at  35  hp, 
formerly  used  on  one-man  cars,  weighed  2000  pounds. 
The  controllers  most  generally  used  are  quite  light, 
one  of  them  weighing  but  135  pounds,  so  that  an  appre- 
ciable saving  in  both  weight  and  space  is  effected  by 
their  use.  These  controllers  are  provided  with  the  dead 
man's  handle  feature  arranged  to  operate  in  conjunction 
with  the  air  equipment.  The  grid  resistors  are  also 
lighter  and  require  less  space  than  those  previously 
used.  The  weight  of  the  new  resistor  is  about  35  per- 
cent that  of  the  old  type  for  equipments  of  the  same 
capacity. 


FIC.    I — S.AFETY    CAR   OF   THE   T.VMPA   ELECTRIC   COMPANY 


A  special  type  of  truck  is  employed  on  safety  cars. 
It  weighs  3300  lbs.  complete,  has  an  eight  foot  wheel 
base,  and  usually  has  24  inch  wheels.  Spiral  springs 
are  used  at  the  middle  of  the  side  bars  and  at  the  ends 
of  the  quarter  elliptic  springs.  A  graduated  spring  ar- 
rangement is  employed  whereby  light  loads  are  carried 
on  lighter  springs  than  the  heavy  loads.  The  journal 
bearings  are  generally  of  ball  or  roller  type  and  the 
journal  boxes  are  bolted  directly  to  the  side  bars. 

The  body  of  the  car  is  28  ft.  long  and  eight  ft.  wide 
overall  and  through  the  use  of  high-grade  materials  and 
careful  design  weighs  only  6700  pounds.  The  seats  are 
of  light  construction,  rattan  being  used  for  the  seating 
material  and  pressed  steel  for  the  pedestals  and  wall 

plates.  The  seats  are  gen- 
erally opera  style  so  that 
closer  spacing  is  possible. 
Fourteen  cross  seats  are 
provided  and  two  or  four 
additional  seats  are  avail- 
able on  the  rear  plat- 
form. 

A  recording  fare  box 
with  separate  hand  or 
foot  operated  transfer  and 
ticket  register  is  usually 
a  part  of  the  equipment. 
The  foot  operated  register 
is  desirable  because  the 
operator  then  has  both 
hands  free  for  making 
change  or  issuing  trans- 
fers. A  reliable  signal  sys- 
tem is  provided.  The  lo- 
cation of  the  signal  buttons  so  that  a  person  of  ordinary 
height  must  stand  up  to  reach  them  not  only  eliminates 
the  unnecessary  ringiiig  by  children,  but  also  shortens 
the  length  of  the  stops,  for  after  the  passenger  rises  to 
ring  the  bell  he  naturally  steps  forward  to  the  door  and 
is  ready  to  get  off  the  instant  the  doors  are  open.  The 
provision  of  two  trolleys  makes  it  unnecessary  for  the 
car  operator  to  leave  the  car  \vhen  changing  ends.  Trol- 
ley catchers  are  provided.  So  far  as  the  handling  of 
trolleys  is  concerned  the  safety  car  is  comparable  to 
the  double  truck,  center  entrance  car  with  trolley  at  the 
rear  of  the  car. 

It  is  almost  universally  true  that  any  innovation 
made  by  a  railway  company  is  met  with  violent  protest 
from  the  majority  of  the  patrons  of  the  railway  lines. 
This  is  especially  true  when  the  size  of  car  is  to  be  re- 
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duced ;  and  when  it  is  to  be  operated  by  one  man,  the 
patrons  at  once  assume  that  half  the  platform  men  will 
lose  their  jobs  and  this  further  antagonizes  them.  The 
platform  men  also  feel  that  they  will  be  expected  to  do 
the  work  of  two  men  and  they  too  think  that  their  num- 
ber will  be  cut  in  half.  The  fact  that  these  opinions  are 
unjustified  does  not  make  them  any  less  dangerous,  and 
it  is  only  where  they  have  been  disregarded  and  insuffi- 
cient steps  taken  to  overcome  them  tliat  one-man  car 
operation  has  been  unsuccessful.  The  real  merit  of 
safety  car  operation  as  now  employed  in  numerous 
cities  and  on  both  light  and  heavy  traffic  lines  is  evi- 
denced by  the  fact  that  it  is  a  proven  success,  where 
success  was  not  a  matter  of  providing  something  just 
as  good  as  the  old  service,  but  where  it  was  necessary 
to  establish  a  service  sufficiently  more  attractive  to 
overcome  old  prejudices. 

One  of  the  most  important  steps  to  insure  the  suc- 
cess of  the  one-man  car  operation  is  to  provide  a  car 
specially  designed  for  handling  by  one  man.  Closing 
the  back  door  of  a  heavy  old  car  intended  for  two-man 
operation  and  placing  a  fare  box  on  the  front  platform, 
does  not  make  a  one-man  car.  The  duties  of  the  car 
operator  are  then  practically  doubled,  no  advantage  is 
taken  of  the  possible  reduction  in  operating  expenses 
aside  from  labor,  and  the  existing  antagonism  to  one- 
man  car  operation  is  increased.  On  the  other  hand  the 
adoption  of  cars  possessing  the  features  of  tiie  standard 
safety  cars  shows  that  the  railway  company  is  sacrific- 
ing nothing  in  safety  or  comfort  of  the  passengers,  and 
that  the  manual  labor  of  the  operator  actually  is  de- 
creased. In  general,  a  complete  line  should  be  changed 
to  safety  car  operation.  If  the  safety  cars  are  sand- 
wiched in  between  slower,  heavier  cars,  and  cars  op- 
erated by  two  men,  a  certain  amount  of  confusion  is 
caused  and  the  new  cars  are  not  given  a  fair  chance  to 
make  good.  The  provision  of  the  safety  devices  is 
also  a  wise  step,  for  in  case  of  accident  to  a  one-man 
car,  the  company  is  in  an  undesirable  position  if  the 
car  is  not  equipped  with  the  most  up  to  date  appara- 
tus for  accident  prevention. 

The  railway  company  should  share  the  benefits  de- 
rived by  giving  the  patrons  more  frequent  and  faster 
service.  About  the  same  number  of  seat-miles  (at 
least  during  rush  hours)  is  usually  provided  where  large 
double  truck  cars  suitable  for  the  service  were  used  pre- 
viously, since  this  plan  will  ordinarily  give  sufficiently 
shorter  headways  to  be  attractive.  Where  the  old  cars 
were  of  small  seating  capacity,  a  suitable  decrease  of 
headway  will  give  a  very  desirable  increase  of  seat- 
mileage.  On  other  lines  where  cars  too  large  for  the 
service  were  formerly  used  (for  instance  open  cars, 
where  the  seating  capacity  is  abnormally  high)  an  at- 
tractively shorter  headway  will  be  sufficient  even  where 
the  result  is  decreased  seat-mileage.     On  still  other  Imes 


The  railway  company  should  also  share  the  bene- 
fits with  the  men.  The  installation  of  electric  track 
switches  wherever  feasible  is  desirable  in  this  connec- 
tion as  well  as  in  providing  faster  service.  The  pro- 
vision of  long  switch  irons,  so  that  the  operator  can 
throw  switches  without  leaving  the  car  is  also  of  ad- 
vantage. The  transfer  system  and  operators'  daily  re- 
port should  be  simplified  as  much  as  possible  to  reduce 
their  work  along  these  lines.  Finally  they  should  re- 
ceive a  higher  rate  of  pay  than  the  men  on  two-man 
cars. 

The  next  step  in  the  introduction  of  safety  car 
operation  is  for  the  railway  company  to  thoroughly 
educate  the  public  regarding  the  new  service.  Em- 
phasis should  be  placed  on  the  points  that  appeal  to  the 
public,  such  as  more  frequent  service,  higher  speeds, 
safety  features  etc.  It  is  a  good  plan  to  let  the  num- 
ber of  platform  men  get  down  pretty  low,  by  means  of 
the  usual  turnover  of  labor,  just  before  the  safety  car 
operation  is  started,  so  that  there  is  no  actual  reduc- 
tion at  that  time.  The  railway  company  is  in  a  some- 
what better  position  if  it  can  say  that  not  one  man  is 
losing  his  job  on  account  of  the  safety  car  adoption. 
The  method  of  operating  the  doors  and  collecting  fares, 
especially  where  prepayment  cars  were  not  previously 
used,  must  be  completely  described  in  order  to  avoid 
delay  during  the  first  few  days  of  operation.  This 
educational  work  may  be  carried  on  through  advertise- 
ments in  the  local  papers  and  by  descriptive  leaflets 
handed  to  the  passengers  on  the  other  cars.  The  best 
time  to  carry  on  this  educational  campaign  is  a  few 
days  before  safety  car  operation  is  begun.  If  it  is 
started  too  far  ahead  there  is  danger  of  a  great  amount 
of  objection  building  up  before  the  cars  have  a  chance 
to  demonstrate  their  worth.  It  is  better  to  run  the  cars 
over  tlie  streets  for  a  week  or  more  before  any  pub- 
licity work  is  started.  They  will  attract  sufficient  at- 
tention and  a  number  of  stops  and  starts,  opening  and 
closing  the  door  and  some  emergency  stops  will  do  much 
to  overcome  adverse  criticism.  Where  it  is  necessary 
to  obtain  the  permission  of  regulatory  bodies  before  the 
cars  are  purchased  a  demonstration  with  a  complete 
safety  car  obtained  especially  for  the  purpose  will 
usually  be  much  more  effective  than  any  verbal  descrip- 
tion. 

The  operation  of  the  safety  car  in  actual  service  is 
interesting.  The  passenger  waiting  for  a  car  is  im- 
pressed by  the  quick  stop  that  it  makes.  The  door 
swings  open  and  one  or  more  passengers  alight,  and 
the  passenger  steps  on  the  car.  If  he  is  the  only  one 
boarding,  the  door  is  closed  immediately  and  the  car 
starts.  The  passenger  drops  his  fare  in  the  fare  box, 
or  if  he  does  not  have  the  exact  change  the  operator 
usually  notches  up  to  full  series  only  and  holding  his 
foot  on  the  foot  valve  has  both   hands    free   to   make 


of  light  traffic  the  same  headways  may  be  satisfactory  change.       If  several  passengers  are  boarding  the  car, 

when  the  company  has  demonstrated  to  the  public  on  those  with  the  exact  fare  ready  often  pass  the  one  who 

Its  heavy  traffic  lines  that  it  is  broad  enough  to  provide  has  to  obtain  change.     Usually  the  operator  can  esti- 

the  extra  service  where  the  traffic  demands   it.     The  mate  fairly  closely  the  number  of  transfers  required  on 

safety  car  in  itself  tends  to  increase  the  speed.  any  trip  and  will  have  them  at  least  partially  prepared 
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before  they  are  asked  for  by  the  passenger.  If  one  or 
two  passengers  ask  for  transfers  at  a  certain  stop  the 
operator  starts  the  car  and  issues  the  transfers  while 
holding  his  foot  on  the  foot  valve.  If  a  number  of 
people  are  boarding  at  one  time  conditions,  so  far  as 
fare  collection  is  concerned,  more  nearly  apiiroach  those 
on  the  usual  type  of  prepayment  car  with  both  motor- 
man  and  conductor.  Under  these  conditions,  and 
where  a  large  number  of  transfers  are  usually  required, 
the  operator  frequently  saves  time  by  asking  those  in 
line  how  many  want  transfers. 

On  the  less  congested  parts  of  the  run,  the  operator 
registers  the  fares.  He  also  relieves  the  monotony  of 
holding  down  the  controller  handle  by  pressing  down 
on  the  foot  valve,  and  running  with  the  controller 
handle  up.  Since  the  foot  valve  requires  more  effort 
to  hold  it  in  place  than  the  controller  handle,  nothing 
is  sacrificed  in  safety  by  this  method  of  operation.  In 
some  cases  the  operator  occupies  his  chair  at  all  times, 
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FIG.  2 — SPEED  TIME  AND  CURRF.NT  CURVES  FOR  A  STANDARD  48  000 
POUND,    DOUBLE-TRUCK     CAR,     EQUIPPED      WITH     450     HORSE-POWER 

MOTORS 

Total  weight  of  car  with  average  load — tons 24 

Motors — 50  hp.     Number  per  car 4 

Gear  ratio — 15:69.   Wheel   diameter — inches 33 

Average  voltage  at  car 500 

Substation  voltage  650 

Acceleration   and   braking — m.p.h.p.s 1.5 

Train  resistance — by   Blood's   formula,  modified 

Grade   resistance   o 

Stops   per   mile    8 

Length   of   stop — seconds 10 

Schedule   speed — m.    p.    h 9.23 

Kilowatt-hours  per  car-mile  (at  substation)    3.17 

but  in  others  a  separate  receptacle  is  provided  for  the 
chair  and  the  operator  stands  through  the  congested 
district. 

At  railroad  crossings  where  flagmen  are  employed, 
the  procedure  is  the  same  as  on  two-man  cars,  a  stop 
generally  being  made  before  the  car  crosses  the  tracks. 
Where  no  flagman  is  employed,  the  usual  method  is  for 
the  car  to  stop,  the  operator  to  look  both  directions  for 
approaching  trains,  and  then  to  cross  the  tracks.  Where 
a  good  view  of  the  railroad  tracks  cannot  otherwise  be 
obtained,  the  operator  leaves  the  car  and  walks  ahead 
to  the  middle  of  the  tracks  before  running  the  car 
across. 

At  the  end  of  a  line  where  ends  of  the  car  are 
changed  the  passengers  are  discharged,  and  the  doors 
closed.     The  trolley  is  raised  by  reaching  out  of  the 


window.  The  operator  then  carries  the  fare  box  and 
operating  handles  to  the  new  front  end  and  pulls  down 
the  trolley  at  that  end.  He  then  turns  the  seats  and 
taking  his  station  at  the  front  of  the  car  opens  the  door 
for  passengers  to  board.  It  requires  about  one  minute 
to  change  ends,  exclusive  of  the  time  for  passengers 
leaving  and  entering  the  car. 

That  the  public  likes  safety  car  service  after  it  is 
acquainted  with  it  is  shown  by  the  fact  that  in  towns 
where  they  are  used  on  certain  lines  the  patrons  of  the 
other  lines  ask  that  the  service  be  extended  to  the  lines 
on  which  they  normally  ride,  and  where  two  lines  paral- 
lel, many  living  farther  from  the  safety  car  line  will 
walk  the  greater  distance  in  order  to  take  advantage  of 
the  better  service  provided.  Recently  published  data 
show  increases  in  receipts  of  from  25  to  60  percent  on 
various  lines  on  which  safety  cars  are  operated.  In 
some  of  these  cases  the  riding  on  other  lines  in  the  same 
cities  has  increased  but  to  a  less  extent.     Where  an  in- 
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FIG.    3 — SPEED-TIME     AND     CURRENT     CURVES     FOR     A     SAFETY     CAR 
WEIGHING    16000    POUNDS    AND    EQUIPPED    WITH     TWO    25     HORSE- 
POWER   MOTORS 

Total  weight  of  car  with  average  load-tons 8 

Motors — 25  hp.     Number  per  car a 

Gear   ratio — 14:68.     Wheel    diameter — inches 24 

Average   voltage   at   car 560 

Substation   voltage    650 

Acceleration  and  braking — m.  p.  h.  p.  s 2.0 

Train   resistance — by  Blood's  formula,  modified 

Grade   resistance    o 

Stops  per  mile   6.4 

Length  of  stop — seconds    10 

Schedule  speed — m.  p.  h 1 1 .  28 

Kilowatt-hours  per  car-mile  (at  substation)   1.09 

ferior  system  of  fare  collection  was  previously  used, 
a  certain  percentage  increase  in  receipts  is  due  to  all  the 
fares  being  collected  and  to  the  elimination  of  dis- 
honesty on  the  part  of  the  platform  men.  Indications 
are,  however,  that  the  safety  car  operation  alone  gener- 
ally increases  the  car  riding  at  least  10  to  15  percent. 

One  of  the  reasons  for  the  public  satisfaction  is  the 
shorter  headway  usually  operated.  It  is  axiomatic  that 
more  frequent  service  increases  car  riding,  but  un- 
fortunately the  cost  of  operating  the  older  types  of  cars 
on  shorter  headways,  eats  up  the  increase  in  income. 
The  somewhat  higher  scheduled  speeds  which  are  prac- 
ticable with  safet>'  cars  are  attractive.  The  passenger 
not  only  has  a  much  shorter  wait  for  his  car,  but  when 
it  does  come,  it  takes  him  to  his  destination  more 
rapidly.     The  average  speed  is  higher  than  that  of  the 
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older  cars,  on  account  of  the  higher  rates  of  accelerat- 
ing and  braking  and  because  fewer  passengers  are 
carried  per  car  and  hence  fewer  stops  are  made.  The 
decrease  in  running  time  seems  really  greater  than  it  is. 
The  rapid  opening  and  closing  of  the  door,  and  the  high 
rates  of  accelerating  and  braking,  make  the  passenger 
feel  that  the  car  operator  is  making  every  effort  to  take 
him  where  he  wants  to  go  just  as  quickly  as  possible. 

The  passengers  appreciate  the  provision  made  to 
prevent  accidents.  They  realize  that  with  the  door  con- 
trol used  and  everyone  getting  on  and  off  the  car  di- 
rectly in  view  of  the  operator,  boarding  and  alighting 
accidents  are  eliminated.  The  safety  of  operation  is 
especially  noteworthy  when  compared  with  the  jitney, 
whose  competition  the  car  was  designed  to  meet.  Not 
only  is  the  operation  of  the  safety  car  inherently  free 
from  accident,  but  there  is  a  responsible  concern  back 
of  the  car  to  pay  for  any  damage  that  may  be  done,  in- 
stead of  an  irresponsible  jitney  driver.  By  meeting  the 
jitney  on  its  own  ground  and  providing  fast,  frequent 
service,  the  safety  car  has  successfully  met  jitney  com- 
jietition.  Due  to  the  quick  "get  away"  of  the  car,  an 
automobile  will  be  unable  to  pass  a  car  making  frequent 
stops  for  as  far  as  ten  squares. 

The  car  is  pleasing  in  appearance  both  outside  and 
inside.  Due  to  its  low  construction,  it  looks  longer  and 
much  wider  than  it  really  is.  On  the  street  it  looks  like 
a  real  car  in  marked  contrast  to  the  old  types  of  sirigle 
truck  cars.  The  interior  of  the  car  is  well  finished,  and 
has  an  appearance  of  simplicity  and  efficiency.  The 
riding  qualities  of  the  car  due  to  the  scientific  design  of 
truck  and  the  use  of  only  cross  seats  are  excellent.  In 
this  respect,  the  car  is  beyond  comparison  with  the  jit- 
ney. 

The  positions  as  car  operators  are  usually  awarded 
to  the  platform  men  on  a  seniority  basis.  Even  where 
the  men  felt  before  operating  the  cars  that  two  men 
would  be  required,  there  has  been  no  difficulty  in  secur- 
ing safety  car  operators.  In  most  places  there  is  a  wait- 
ing list  of  men  that  have  qualified  as  operators,  but  for 
whom  places  are  not  available.  The  car  operator  must 
be  mentally  alert  as  his  duties  are  varied.  In  general, 
the  younger  men  are  quicker  in  picking  up  the  fine 
points  of  safety  car  operation,  and  the  e.x-conductors 
seem  to  learn  to  handle  the  electrical  controller  and  air 
more  quickly  than  the  ex-motorman  learn  to  handle  the 
fare  collection.  But  old  and  young,  motormen  and 
conductors  soon  learn  to  operate  the  car  with  equal 
ease.  There  has  been  no  trouble  in  weeding  out  the 
men  that  are  tempej-amentally  unfitted  for  the  work. 

The  duties  of  the  car  operator  are  more  complex 
than  those  of  a  motorman  or  conductor,  but  they  are 
more  interesting.  Interesting  work  is  substituted  for 
drudgei-y.  The  operator  seems  to  feel  a  certain  amount 
of  pride  in  his  being  in  sole  charge  of  the  car.  There 
is  no  one  else  to  share  the  praise  for  good  operation,  or 
the  blame  for  poor.  The  ex-motormen  appreciate  the 
saving  of  time  they  can  make  at  stops  because  they  do 
not  have  to  wait  for  a  conductor  who  is  slow  in  giving 


them  the  bell  and  there  are  no  signals  to  misunderstand. 
They  also  like  the  coming  in  direct  contact  with  the 
passengers.  One  of  the  reasons  for  both  former  mo- 
tormen and  conductors  liking  the  cars  is  the  fact  that 
they  are  kept  in  a  more  alert  state.  A  day  passes  far 
more  pleasantly  and  quickly  for  the  man  who  is  com- 
fortably busy  all  the  time  than  for  one  who  is  busy  for 
30  seconds  out  of  each  minute,  and  is  inactive  both 
physically  and  mentally  the  other  30  seconds.  Finally 
the  increased  pay  per  hour  which  is  usually  granted  the 
car  operators  and  enables  them  to  earn  more  money  in 
the  same  number  of  hours,  or  substantially  the  same 
money  in  fewer  hours,  makes  them  better  satisfied  and 
tends  to  attract  a  higher  grade  of  men. 

TABLE  I— SERVICE  COMPARISONS 


Weight  of  car  with  average  load-tons 

Seating  capacity  

No.  of  motors  per  car  

Horse-power  per  motor  at  600  volts 

Single  trip  distance-miles 

Single     trip     time,     including     layover-min. 

(non-rush) 
Single     trip     time,     including     layover-min. 

(rush  hr. ) 

Headway  non-rush,  15  hours  daily-min 

Headway  rush  hour,  4  hours  daily-min 

Number  of  cars  non-rush  

Number  of  cars  rush  hour 

Car  hours  per  day  

Car  miles  per  day  

Seat  miles  per  day  

Average  number  of  stops  per  mile 

Average  duration  of  stop-seconds   

Kw-hr,  per  car  mile  measured  at  sub-station 

Power  cost  per  day  at  ic  per  kvv-hr 

Labor  cost  per  day  at  70c  per  car  hour 

Labor  cost  per  day  at  3SC  per  car  hour 

Car  maintenance  per  day  at  1.5c  per  car  mile 
Car  maintenance  per  day  at  0.75c  per  car  mile 
General  expenses  and  maintenance  of  way. 

Total  operating  expenses  per  day  

Total  operating  expenses  per  year 

Saving  in  operating  expenses  per  year 

Saving  in  operating  expenses  in  percent... 

Cost  of  12  new  cars  at  $6500  each   

Return  on  investment  percent  


Old 
Service 


24 

45 

4 

50 

346 

22.5 

24 
9 


107 
070 
43650 
8 
10 
317 
$30.75 
74.90 

14-55 

67.90 

$188.10 
$68700 


New 

Service 


30 

2 

25 

346 

21 

22 

6 

4 

7 

II 

149 

1455 

43650 

6.4 

10 

1.09 

$15.90 

56.60 

10.90 

67.QO 
$151-30 
$55200 
$13500 

19-7 

$78000 

17-3 


The  increase  in  schedule  speed  that  is  feasible  and 
the  increased  receipts  and  decreased  operating  expense 
have  all  been  demonstrated  many  times  in  actual  ser- 
vice. Typical  speed  time  and  current  curves  are  shown 
in  Fig.  I  for  a  double  truck  car  with  a  seating  capacity 
of  45  and  weighing  48  000  lbs.  complete  with  an  average 
load  of  30  passengers.  The  motor  equipment  is  as- 
sumed to  be  four  50  hp,  600  volt  motors.  Accelerating 
and  braking  rates  of  1.5  miles  per  hour  per  second  are 
assumed.  The  average  voltage  of  the  car  is  assumed 
to  be  500  and  the  bus-bar  voltage  650.  The  stops  are 
taken  as  eight  per  mile  and  of  ten  seconds  average  dura- 
tion. The  schedule  speed  with  five  percent  speed  mar- 
gin is  9.23  miles  per  hour.  During  non-rush  hours  no 
layover  is  allowed  in  Table  I,  but  during  rush  hours  the 
layover  is  1.5  minutes. 

Typical  speed  tiine  and  current  curves  are  shown 
in  Fig.  2  for  the  safety  car  seating  30  passengers,  and 
weighing  16  000  pounds  complete  with  an  average  load 
of  20  passengers.       Accelerating  and  braking  rates  of 
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2.0  miles  per  hour  per  second  are  assumed.  The  aver- 
age voltage  at  the  car  vk^ith  only  the  safety  cars  on  the 
line  would  be  approximately  570  volts,  but  to  make  al- 
lowance for  other  cars  on  portions  of  the  line  560  is 
used.  Due  to  the  decrease  in  passengers  per  car  the 
number  of  stops  per  mile  should  be  decreased  to  6.4. 
There  would  also  be  fewer  passengers  per  stop  but  the 
duration  of  stop  is  left  as  ten  seconds.  This  is  longer 
than  the  average  stop  with  safety  cars;  the  average  dur- 
ation of  passenger  stops  is  generally  more  nearly  five 
to  seven  seconds.  The  schedule  speed  with  five  percent 
speed  margin  is  11.28  miles  per  hour,  or  22  percent 
higher  than  the  old  cars.  To  be  conservative  however, 
an  actual  increase  in  schedule  of  15  percent  is  allowed 
in  Table  I,  although  the  calculated  energy  consumption 
is  left  the  same.  A  layover  of  1.5  minutes  during  the 
non-rush  hours  and  2.5  minutes  during  rush  hours  is 
also  added.  The  maintenance  of  safety  cars  will  be 
from  one  third  to  one  half  that  of  the  old  cars  on  a  car 
mile  basis.  In  the  tabvdation  one  half  is  used.  The 
maintenance  of  way  will  surely  be  reduced  and  the 
general  expenses  should  also  decrease,  but  owing  to  the 
lack  of  definite  data  on  these  items,  it  is  difficult  to  eval- 


uate the  saving  and  no  reduction  is  made  in  tlie  table. 
No  allowance  is  made  for  scrap  or  second  hand  value 
of  the  old  cars  replaced.  Under  present  conditions  a 
car  that  is  in  even  fair  condition  is  salable,  and  for 
average  cars  the  investment  in  the  example  chosen 
would  probably  be  reduced  one-third  with  a  consider- 
able gain  in  percent  return  resulting. 

Attention  is  called  to  the  fact  that  with  50  percent 
greater  car  mileage  and  correspondingly  more  cars  on 
the  track,  the  total  operating  expenses  are  decreased  al- 
most 20  percent,  which  saving  pays  17  percent  on  the 
entire  cost  of  the  new  cars  required.  It  is  believed  that 
this  estimated  saving  is  lower  than  will  actually  be  ob- 
tained in  the  majority  of  cases.  When  one  adds  to  this 
saving  the  increase  in  receipts  that  results,  he  under- 
stands why  the  railway  companies  now  operating  safety 
cars  are  extending  their  use  as  rapidly  as  possible.  Re- 
ports from  these  properties  indicate  satisfied  passengers 
and  platform  men,  higher  earnings,  and  reduced  cost  of 
operation  with  surprisingly  high  return  on  investment. 
The  universal  comment  is  "We  only  wish  we  had  twice 
as  many  of  them". 
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S.  B. 

THE  gradual  accumulation  of  experience  in  the  op- 
eration of  cars  equipped  with  light  weight  mo- 
tors indicates  tlie  necessity  of  a  modification  in 
established  methods  of  motor  application.  The  "five 
cents  per  pound  per  year"  campaign  has  resulted  in 
the  development  of  railway  equipment  which  would 
have  been  considered  beyond  the  range  of  possibilities 
ten  years  ago,  and  which  must  satisfy  even  the  most 
extreme  of  the  light  weight  enthusiasts. 

As  far  as  the  electrical  equipment  is  concerned,  the 
principal  reduction  in  weight  has  been  made  by  the  use 
of  fan  ventilation  and  higher  armature  speeds ;  the  un- 
desirable effects  of  higher  armature  speeds  on  power 
consumption  have  been  partially  ofi^set  by  the  greater 
gear  reductions  made  possible  by  finer  pitch  gearing. 
The  effects  of  fan  ventilation  on  the  application  of  the 
motors,  however,  have  not  so  far  been  fully  appreciated. 
There  has  been  a  wonderful  saving  in  weight,  but  cer- 
tain incidental  accompanying  changes  in  characteristics 
should  be  given  careful  consideration  in  order  to  avoid 
trouble  from  these  causes. 

The  progress  that  has  been  made  in  weight  reduc- 
tion is  indicated  in  Figs,  i  and  2  which  show  respec- 
tively total  weight  plotted  against  rated  horse-power 
at  600  volts,  and  total  weight  against  continuous  ca- 
pacity at  300  volts.  A  modern  ventilated  motor  of  a 
given  horse-power  weighs  about  85  percent  as  much  as 
its  enclosed  predecessor.  If  the  comparison  is  made 
on  the  basis  of  continuous  rating,  as  in  Fig.  2,  the  new 
motor  weighs  from  50  to  70  percent  of  the  old. 


Cooper 

The  remarkable  reduction  in  weight  has  been  ac- 
companied by  changes  in  the  "relative"  ratings  of  the 
motor,  and  this  fact  has  not,  perhaps,  been  given  as  full 
consideration  as  it  deserves.  For  instance,  the  new- 
ventilated  motor  may  have  a  continuous  current  rating 
at  300  volts  of  60  percent  of  its  one-hour  current  rating, 
where  the  older  enclosed  motor  had  only  44  percent. 
The  old  motor  had  then  36  percent  greater  one-hour  ca- 
pacity than  the  new  motor,  on  the  basis  of  the  came 
continuous  capacity.  The  significance  of  this  lies  in  the 
fact  that  the  one-hour  rating  is  at  least  a  rough  indica- 
tion of  the  thermal  capacity  or  heat-storing  ability  of  a 
motor.  Short  steep  grades  or  short  heavy  rush  hour 
overloads,  which  may  not  have  been  considered  in  the 
original  choice  of  the  equipment  on  a  continuous  ca- 
pacity basis,  would  not  have  the  marked  effect  on  the 
temperature  of  the  heavier  motor  that  it  would  on 
the  ventilated  motor,  which  has  a  smaller  amount  of 
material  and,  therefore,  a  smaller  heat-storage  capacity. 
For  instance,  assume  a  car  equipped  with  enclosed 
motors  of  a  given  continuous  capacity  operating  on  a 
city  line.  During  the  afternoon,  the  ordinary  service 
probably  works  the  motor  practically  up  to  its  full  nor- 
mal working  temperature.  A  heavy  rush  hour  load 
with  its  accompanying  increased  frequency  of  stops 
causes  a  certain  increase  in  motor  heating;  with  the 
comparatively  large  amount  of  material  in  the  older  en- 
closed motors,  with  their  lower  armature  speeds  and 
less  effective  ventilation,  this  increased  motor  heating 
resulted  in  a  comparatively  slow  temperature  increase. 
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so  that  at  the  end  of  the  one-way,  heavy  trip,  lasting 
perhaps  40  or  45  minutes,  the  motors  were  still  withm 
safe  temperature  limits.  The  return  trip,  usually  with 
less  than  the  average  load  and  frequency  of  stops,  gave 
the  motors  opportunity  to  cool  off  again  before  starting 
a  second  rush  trip. 

With  the  ventilated  motor  of  the  same  continuous 
rating  however,  the  smaller  masses  of  material  offer 
smaller  heat  storage  capacity,  and  its  temperature  will, 
therefore,  respond  much  more  quickly  to  fluctuations  in 
load.  Recent  tests  with  thermocouples  placed  in  mo- 
tors so  that  continuous  records  of  motor  temperatures 
could  be  obtained  show  this  effect  very  clearly,  and  in- 
dicate the  necessity  of  a  more  liberal  margin  for  rush 
hour  conditions  than  has  been  standard  practice  for  en- 
closed motors. 

It  is  more  or  less  commonly  accepted  that  the  maxi- 
mum working  current  to  be  allowed  in  a  railway  motor 
should  not  be  greater  than  twice  its  one-hour  rating. 
With  the  maximum  gear  reduction  in  each  case,  the 
tractive  effort  exerted  at  twice  the  one-hour  current  per 
ampere  of   continuous  capacity  will  average   approxi- 


a  motor  or  pair  of  motors  cut  out,  pushing  dead  cars, 
bucking  snow,  etc.,  all  call  for  loads  on  the  equipment 
far  beyond  those  on  which  their  application  is  usually 
based.  These  overloads  are  especially  severe  on  motors 
having  high  continuous  rating  in  proportion  to  their 
thermal  capacity,  mechanical  strengUi  and  commutating 
capacity,  and  will  undoubtedly  be  reflected  in  the  m.ain- 
tenance  account  in  the  long  run.  It  is  difficult  to  assign 
definite  values  to  reliability  of  service,  but  it  appears 
perfectly  evident  that  a  conservatively  applied  equip- 
ment with  a  high  record  of  reliability,  comfortable  mar- 
gin in  capacity  and  low  maintenance  cost  is  worth  a 
good  deal  as  an  investment,  especially  when  it  is  '.on- 
sidered  that  the  extra  first  cost  of  this  margin  is  com- 
paratively small. 

A  typical  case  recently  worked  out  showed  that  by 
increasing  the  first  cost  of  an  equipment  $500  per  car, 
an  estimated  saving  in  maintenance  and  depreciation  of 
?.02  per  car  mile  or  $80  per  car  year  could  be 
realized.  This,  of  course,  is  by  far  the  least  important 
part  of  the  benefits  to  be  derived  from  the  greater  mar- 
gin in  the  capacity  of  the  equipment.     The  improved 
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mately  94  lbs.  with  non-ventilated  motors,  compared 
with  63  lbs.  with  the  ventilated  type.  This  means  then 
that  a  given  car  in  a  service  requiring  a  continuous  ca- 
pacity of  four  amperes  per  ton,  if  equipped  with  en- 
closed motors  would  have  available  maximum  tractive 
effort  capacity  of  376  lbs.  per  ton  as  against  252  lbs. 
per  ton  with  the  ventilated  equipment.  In  other  words, 
the  car  with  enclosed  motors  would  be  able  to  start  with 
an  acceleration  of  one  mile  per  hour  per  second  on  a 
12.5  percent  grade  without  exceeding  twice  the  one- 
hour  motor  current,  while  ventilated  motors  would  be 
worked  to  this  limit  on  a  grade  of  6.6  percent.  These 
figures  are,  of  course,  illustrative  only  and  simply  show 
the  comparative  values  to  be  expected. 

The  reduced  weight  has  naturally  led  to  smaller 
mechanical  dimensions,  with  a  corresponding  decrease 
in  ruggedness  against  the  exceedingly  severe  vibration 
and  shocks  that  are  inevitable  in  electric  railway  service, 
not  to  mention  the  severe  overload  conditions  frequently 
imposed  on  railway  motors. 

Short  steep  grades,  rush  hour  loads,  operation  with 


reliability  of  service  and  greater  freedom  from  pull-ms 
and  tie-ups,  with  the  resultant  favorable  effect  on  the 
mental  attitude  of  the  public,  cannot  be  evaluated  in 
dollars  but  are  nevertheless  vitally  important  factors  in 
the  operation  of  a  property.  Furthermore,  a  manager 
whose  time  is  largely  occupied  with  watching  his  equip- 
ment and  providing  against  emergencies  due  to  its  fail- 
ures naturally  cannot  be  as  free  as  he  should  be  for  the 
consideration  of  the  broader  problems  that  require  his 
attention,  particularly  in  these  times  of  high  expenses 
and  comparatively  low  income. 

The  ventilated  railway  motor  has  undoubtedly 
come  into  the  field  to  stay,  and  it  is  a  splendid  piece  of 
apparatus,  whose  introduction  has  accomplished 
wonders  in  reduction  of  weight  and  increase  in  motor 
capacity.  \\'e  simply  wish  to  point  out  that  the  venti- 
lated motor  differs  somewhat  in  certain  characteristics, 
thermal  and  overload  capacities  particularly,  from  its 
non-ventilated  predecessor  and,  therefore,  calls  for 
closer  attention  to  these  factors  in  its  application. 


Oporndoji  of  Y©iUilatod  !iV(ocor^  jmdor  Snow 
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R.  E. 

THE  winter  of  1917-18  was  exceptionally  severe 
on  railway  motors  on  account  of  the  frequent 
heavy  snows.  All  types  of  motors  were  affected 
to  a  greater  or  less  extent.  However,  the  quite  radical 
-departures  in  the  ventilating  system  of  the  modern  mo- 
tor from  the  construction  of  the  old  semi-enclosed  types 
had  a  tendency  to  concentrate  attention  on  the  later 
types  of  motors,  although  on  the  average  they  were 
giving  no  more  trouble  dian  the  older  types  and  until 
last  winter  had  given  even  less. 

The  severe  service  conditions  during  the  winter  of 
1917-18  were  also  accentuated  by  the  bad  labor  situ- 
ation. The  following  quotation  from  the  report  of  an 
investigator  indicates  conditions  which  were  typical  of 
those  in  many  localities.  "The  covers  on  the  ventilated 
motors  were  in  bad  shape.  Many  of  the  commutator 
covers  were  missing,  having  been  forced  off  by  the 
brake  rigging.  In  one  instance  canvas  was  found  over 
the  commutator  opening,  but  in  the  majority  of  cases 
the  opening  was  uncovered.  The  inlet  covers  were 
caved  in,  in  some  instances,  and  in  one  case  a  cover 
was  found  hanging  down  at  an  angle  of  about  45  de- 
grees, acting  as  a  scoop  for  the  snow.  The  outlet  covers 
were  broken  and  in  some  cases  entire  sections  were 
missing.  Many  of  the  motors  showed  that  an  excess  of 
oil  had  been  used.  The  oil  was  running  down  the  out- 
side of  the  housings  and  also  down  on  the  inside.  The 
covers  on  the  oil  well  opening  on  many  of  the  motors 
examined  were  found  open,  time  not  being  taken  to  put 
them  down  after  oiling." 

A  large  number  of  points  enter  into  an  analysis  of 
the  operation  of  railway  motors  under  snow  conditions, 
which  may  be  roughly  classified  as  follows : — 

CLASSES   OF   SNOW 

As  every  railway  operator  knows,  snow  falls  under 
a  variety  of  conditions.  First,  the  snow  may  be  light 
and  flaky,  falling  with  very  little  wind,  or  this  may  be 
accompanied  by  a  high  wind.  Another  form  of  snow  is 
wet  and  heavy,  with  or  without  wind.  Again  the  snow 
may  be  fine  and  hard,  this  type  of  snow  being  generally 
accompanied  with  more  or  less  wind.  Motors  which 
operate  with  absolutely  no  trouble  under  certain  classes 
and  conditions  of  snow  may  give  a  large  amount  of 
trouble  under  some  other  condition,  so  to  state  that  the 
motor  will  or  will  not  operate  under  snow  conditions  is 
in  either  case  a  rather  broad  statement. 

The  Manner  in  Which  Snow  Enters  Motors  de- 
pends largely  upon  the  type  of  snow.  For  instance,  if 
the  snow  is  light  and  fine  and  is  more  or  less  suspended 
in  the  air,  it  may  be  drawn  into  the  motor  by  the  action 
of  the  ventilating  fan.  If  there  is  a  high  wind  and  the 
car  is  running  through  open  country  over  which  the 
snow  is  more  or  less  drifted,  the  snow  may  be  forced  in 
by  the  action  of  the  wind  or  the  operation  of  the  car 
through  drifts.     For  example,  the  writer  has  obseived 
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cars  operating  through  open  country,  at  high  speed,  on 
which  the  snow  was  jammed  up  over  the  trucks  and 
motors  in  such  a  way  as  actually  to  force  snow  into  the 
motors  providing  there  was  any  opening  at  all,  either 
outlet  or  inlet.  Under  such  conditions  as  these,  it  seems 
that  the  only  possible  solution  is  to  close  the  motors  up 
absolutely  tight  as  the  entrance  of  snow  in  this  case  is 
due  to  a  high  external  pressure  and  not  to  fan  action. 
Also  with  this  snow  piled  up  over  the  trucks  and  mo- 
tors, if  the  temperature  of  the  motor  is  sufficiently  high 
to  cause  the  snow  next  the  case  to  melt,  water  will  enter 
the  motor  if  there  is  the  least  possible  chance.  Under 
conditions  such  as  these,  i.  e.,  with  snow  packed  on  top 
of  motor  and  truck,  it  is  practically  impossible  to  have 
an  inlet  opening  on  top  of  the  motor  and  less  snow  will 
be  admitted  with  the  openings  at  the  bottom.  On  the 
other  hand,  in  city  service  it  has  been  found  that  the 
bottom  intake  covers  are  greater  offenders  as  regards 
the  entrance  of  snow  than  are  top  intake  covers.  This 
is  largely  due  to  the  smaller  clearances,  and  to  the  fact 
that  the  snow  may  be  piled  in  such  a  way  that  the  motor 
acts  as  a  plow  pushing  the  snow  into  the  bottom  intake. 

EFFECT  OF  SNOW 

Under  practically  all  conditions  of  operation  the 
snow  which  enters  the  motor  is  turned  to  water,  with 
which  the  field  coils  and  armature  windings  are  more  or 
less  soaked,  thus  giving  a  chance  for  leakage  current, 
and  finally  for  a  ground  or  short-circuit.  At  times, 
however,  the  conditions  are  such  that  the  snow  first 
partially  melts  and  is  then  frozen  in  the  form  of  ice. 
This  is  especially  the  case  if  the  motor  has  been  operat- 
ing fairly  warm  and  is  then  stopped  for  any  cause,  such 
as  stalling  in  a  snow  drift,  or  because  the  power  goes' 
off.  In  this  case  the  whole  motor  may  be  frozen  into  a 
solid  mass  of  ice,  including  brush  holders  and  commu- 
tators, and  when  an  attempt  is  made  to  start  again,  more 
or  less  damage  is  done.  A  motor  which  has  had  ice 
frozen  on  the  commutator  is  very  easily  detected,  be- 
cause of  the  peculiar  burning  of  the  commutator. 

CLASSES    OF   SERVICE 

In  city  service,  in  general,  the  tracks  are  fairly  well 
cleared  of  snow,  and  what  snow  does  enter,  is  more 
liable  to  come  from  the  bottom  intake  covers.  How- 
ever, under  certain  conditions  of  snow  it  may  enter  at 
the  top  commutator  covers  also. 

In  interurban  service  on  the  other  hand,  tracks  will 
not  be  cleared,  and  the  car  may  be  bucking  snow  drifts 
to  a  greater  or  less  extent.  It  is  readily  evident  there- 
fore, that  motors  which  operate  satisfactorily  in  one 
class  of  service  may  not  do  so  in  the  other  with  the 
same  arrangement  of  covers. 

WATER  AND    WHEEL    WASH 

In  some  cases,  especially  in  city  service,  the  car 
may  be  operated  over  tracks  where  there  is  excess  of 
water,  and  the  motors  subjected  not  only  to  direct  con- 
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tact  with  the  water,  but  also  to  wheel  wash.  This  again 
introduces  a  new  condition  as  regards  the  entrance  of 
moisture  into  the  motor,  and  covers  which,  in  general, 
prevent  the  entrance  of  snow,  may  not  be  at  all  ade- 
quate for  wheel  wash.  Tests,  however,  have  been  made 
which  indicate  that  it  is  possible  to  arrange  covers  in 
such  a  way  as  to  prevent,  to  a  great  extent,  tlie  entrance 
of  water  due  to  tliis  cause. 

POSSIBILITIES   OF   BAFFLING  SNOW 

A  large  number  of  schemes  have  been  suggested 
for  baffling  the  snow  and  thus  preventing  its  entrance 
into  the  motor,  but  in  general  it  may  be  stated  that  these 
baffling  covers  merely  minimize  the  entrance  of  snow. 
In  some  cases  in  interurban  service  it  has  been  found 
that  with  intake  openings  at  the  bottom  the  motors  are 
automatically  baft'led  from  the  entrance  of  snow  in  the 
following  manner:  first,  a  small  amount  of  snow  en- 
ters, which  is  turned  into  water  and  runs  down  to  the 
intake  opening  where  it  is  frozen,  thus  closing  the  in- 
take opening  until  the  temperature  of  motor  reaches  tlie 
point  where  it  is  melted. 

For  bottom  covers  the  best  plan  seems  to  be  to 
take  the  air  in  through  a  baffled  cover  with  the  outlet 
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into  the  motor  towards  the  commutator  end  housing. 
In  this  way,  if  the  snow  is  forced  in,  the  opening  will 
soon  plug  up  and  prevent  further  entrance  of  snow.  At 
the  same  time  with  a  bottom  cover  there  is  less  possi- 
bility of  snow  being  drawn  in  by  pure  fan  action.  This 
method  of  taking  air  into  the  motor  is  shown  in  Fig.  i. 

INFLUENCE   OF   TEMPERATURE   ON    OPERATION 

If  the  motor  is  operated  too  cold  it  will  not  dry 
itself  out,  and  any  moisture  which  enters  may  do  con- 
siderable damage  after  a  certain  length  of  time.  In 
other  words,  a  motor  which  runs  reasonably  warm  will 
take  care  of  itself  better  under  snow  conditions  than 
one  which  does  not  get  warm.  On  the  other  hand,  if  a 
motor  is  operated  at  a  sufficiently  high  temperature  to 
dry  out  and  carbonize  the  insulation,  any  moisture 
which  enters  is  immediately  soaked  up  into  this  dried 
and  charred  insulation,  and  in  a  short  time  the  motor 
will  be  either  grounded  or  short-circuited. 

In  some  cases  it  has  been  found  desirable  to  use 
solid  covers  during  the  winter  months  for  two  rea- 
sons : — first,  to  keep  out  the  snow ;  and  second,  to  raise 
the  temperature  of  the  motor  during  the  cold  weather 
sufficiently  to  keep  the  insulation  dry. 

SWEATING  MOTORS 

Under  certain  conditions,  motors  which  are 
brought  into  the  car  barn  may  sweat,  in  which  case,  if 


the  insulation  is  at  all  dry  or  open,  it  will  absorb  a  large 
amount  of  moisture  and  when  the  motor  is  placed  In 
service  again  may  ground  or  short-circuit  very  quickly. 
This  explains,  possibly,  the  reasons  for  the  grounding 
or  short-circuiting  of  motors  a  short  time  after  they 
have  started  out  on  a  route. 

GENERAL 

In  general,  each  individual  case  should  be  handled 
on  its  own  merits.  This  is  because  of  the  variety  of 
service  and  also  the  variety  of  snow  conditions  which 
are  met  in  different  localities.  For  example,  a  certain 
city  and  interurban  system  operating  ventilated  motors 
had  gone  through  almost  two  seasons  with  absolutely  no 
signs  of  snow  in  the  ventilated  motors,  and  the  operat- 
ing men  were  very  enthusiastic  regarding  the  operation 
of  the  ventilated  motors,  as  they  had  passed  through  ap- 
parently the  most  severe  snow  conditions  possible. 
However,  near  the  end  of  the  second  season  a  light  but 
copious  snow  fell,  this  snow  being  suspended  in  the  air 
and  during  this  snow  storm  the  motors  drew  in  an  ex- 
cessive amount  of  snow.  In  this  particular  case  no 
damage  was  done,  but  it  does  show  the  variable  con- 
ditions— conditions  which  create  a  problem  whose  gen- 
eral solution  can  be  obtained  most  accurately  by  engi- 
neers who  have  had  a  broad  experience  with  a  particu- 
lar line  of  motors  under  widely  varying  conditions.  It 
is  therefore,  advisable  to  consult  the  manufacturer  of 
the  motors  to  obtain  suggestions  for  the  best  mediods  of 
preventing  trouble  from  snow  and  moisture. 

INSURING  OF  VENTILATED   MOTORS 

A  few  particular  precautions  are,  however,  gen- 
erally applicable  to  all  cases.  From  the  foregoing  it 
is  very  evident  that  ventilated  motors  should  be  capable 
of  withstanding  a  certain  amount  of  snow,  as  it  seems 
practically  impossible  to  entirely  prevent  its  entrance. 
One  of  the  best  methods  of  insuring  motors  against  the 
absorption  of  moisture  is  dipping  and  baking,*  which 
renders  the  windings  practically  waterproof. 

Even  though  the  motors  are  not  dipped  and  baked 
every  year,  it  is  advisable  to  blow  them  out  well  before 
starting  the  winter  season.  The  care  of  covers  is  also 
quite  essential  to  the  successful  operation  of  the  ven- 
tilated motors.  In  some  localities  and  under  certain 
conditions  of  service  it  may  be  absolutely  necessary  to 
use  solid  covers  all  the  way  around. 

As  before  stated,  it  seems  to  be  practically  impos- 
sible to  prevent  some  moisture  from  entering  motors 
even  with  closed  covers,  unless  the  covers  are  gasketed 
all  the  way  round.  This  being  the  case,  it  is  essential 
that  drain  holes  be  provided  in  the  motor  to  permit  the 
moisture  which  does  get  in  to  drain  out  rather  than 
stand  around  the  bottom  field  coil. 


*For  descriptions  of  the  process  of  dipping  and  baking  see 
"Railway  Operating  Data"  in  the  Journal  for  April  1918,  p. 
137,  and  for  June  1918  p.  240;  also  articles  on  this  subject  by  J. 
V.  Dobson  in  the  Electric  Railway  Journal  for  June  15,  1918; 
and  in  the  Street  Raikvay  Bulletin  for  August,  1918. 


A.  H.  Candee 


THE  use  of  safety  devices  for  street  railway 
equipments  is  rapidly  increasing,  brought  about 
by  a  recognition  of  their  economic  value.  In 
these  days  of  intensified  activity,  the  class  of  labor 
available  for  the  operation  of  railway  cars  or  trains  is 
fast  deteriorating,  which  adds  to  the  imperative  need 
for  simple  yet  reliable  safety  devices.  The  reduction 
in  available  man-power  is  also  causing  an  increase  in 
train  operation  of  city  cars,  which  again  adds  to  the 
demand  for  signaling  and  safety  interlocking  systems. 

Some  very  interesting  developments  in  door  imer- 
locking  and  sigfnaling  systems  have  been  brought  about 


operated  by  the  motorman  out  of  the  signal  circuit,  as 
this  is  under  the  direct  surveillance  of  the  motorman 
and  the  car  may  be  gotten  under  way  sooner  if  started 
while  this  door  is  being  closed.  One  system  of  door  sig- 
naling where  the  lights  burn  when  the  doors  are  open  is 
indicated  in  Fig.  i.  In  general,  the  connections  shown  by 
this  figure  are  not  the  best,  as  they  operate  on  a  nega- 
tive principle,  so  that  failure  of  the  resistor,  door  con- 
tacts or  lamps  may  give  an  erroneous  indication  to  the 
motorman.  Fig.  2  indicates  the  connections  for  a  posi- 
tive system  where  the  lamps  light  to  indicate  that  the 
doors  are  closed. 


MoTO^Ciiieuir  SHe\Jt  Trtua - 
CQnrjtCTOvCanTfOi.  '  '      ■• 


Ti70i.i.cr  ■"-   QRounO 


FIG.    I — SAFETY     INTERLOCKING    DOOR    CONTROL 

In  which  lighted  lamps  indicate  an  open  door. 


in  the  past  few  years,  and  new  systems  are  continually 
being  brought  out  to  cover  new  applications.  The  use 
of  lights  in  connection  with  door  switches  to  indicate 
to  the  motorman  that  all  doors  in  the  car  or  train  are 
closed,  has  become  very  widespread,  and  for  single  cars 
is  fairly  well  standardized.  Systems  involving  train 
operation,  however,  are  more  complicated  and  vary 
widely,  especially  where  the  car  control  is  also  inter- 
locked through  the  doors  to  prevent  starting  before  the 


For  trailer  operation  or  for  train  operation  where 
the  car  control  is  not  interlocked  through  the  doors, 
either  one  of  the  two  systems  shown  by  Figs,  i  and  2, 
is  extended  to  put  all  of  the  door  contacts  on  both  cars 
in  series.  This  may  be  accomplished  in  several  ways. 
Fig.  3  shows  a  simple  method  for  two  motor  cars,  em- 
ploving  one  train  line  wire  and  three-way  switches  in 
each  end  of  the  car.     The  use  of  such  switches,  how- 


FIG.    2^D00R    CONTROL    SYSTEM 

III  which  lighted  lamps  indicate  that  the  doors  are  closed. 

doors  are  closed.  It  is  hoped  that  both  the  indicating 
and  the  interlocking  systems  for  single  cars  and  for 
trains  will  be  stabilized  in  the  near  future. 

The  principles  of  door  signaling  involve  only  the 
establishment  of  a  circuit  from  the  trolley  through  a 
resistor,  the  various  door  switches  and  indicating  lamps 
to  the  ground.  It  is  customary  to  leave  the  door  to  be 


FIG.    3 — INTERLOCKING   llOOR   CONTROL 

For  multiple  unit  operation  by  hand  operated  switches. 

ever,  may  lead  to  confusion  due  to  the  motorman's 
throwing  them  to  the  wrong  positions.  The  most  recent 
systems,  therefore,  aim  to  make  the  proper  connections 
automatically.  This  is  done  by  passing  the  door  signal 
circuits  through  contacts  on  the  controller  reverse  drum 
and  for  train  operation,  through  a  double-heading 
switch   which    is   thrown   automatically   when   the   air 
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cocks  are  opened  to  the  air  coupling.  One  of  the  sys- 
tems in  use  is  shown  schematically  in  Fig.  4,  which 
shows  the  circuits  for  a  single  car  only.  Connection 
to  the  source  of  power  is  made  at  the  rear  of  the  car 
or  train  through  the  rear  controller  in  the  neutral  posi- 
tion, through  the  double-heading  switch  contacts,  thence 
through  the  door  contacts  in  series  to  the  front  control- 
ler in  the  forward  operative  position.  It  will  be  noted 
that  if  the  controller  is  thrown  to  the  reverse  position, 
the  -signal  connections  are  not  made.  The  general 
scheme  of  connections  shown  by  Fig.  4  embodies  the 
essentials  which  eventually  must  be  included  in  any 
standard  system. 

In  order  to  interlock  the  control  with  the  doors  to 
prevent  accidents  due  to  the  car  or  train  starting  while 
loading  or  unloading,  at  least  one  remotely  controlled 
switch  is  connected  in  the  main  motor  circuits.  Mul- 
tiple unit  control  equipments  of  course,  embody  the  es- 
sentials required  for  this,  but  K  controllers  must  be 
supplemented  by  a  line  switch  or  other  device  to  accom- 
plish  this   result.     With    the   addition   of    such    a   line 


cuit  brings  in  the  line  switch  and  the  line  switch  inter- 
lock completes  the  circuit  to  by-pass  the  contact  made 
on  the  first  controller  notch.  If  the  circuit  is  broken  by 
a  door  being  opened,  or  in  any  other  way,  it  is  neces- 
sary to  return  the  controller  to  the  first  notch  to  resume 
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FIG.   4 — INTERLOCKING  DOOR  CONTROL 

For  multiple  unit  operation  with  automatic  signal  connec- 
tions. 

switch,  it  is  necessary  to  equip  the  K  controller  with 
some  other  device,  such  as  a  slip  ring,  line  switch  at- 
tachment or  ratchet  switch  and  contacts  which  close  the 
line  switch  when  the  controller  is  in  the  first  position 
only.  Fig.  i  shows  a  special  arrangement  of  line  switch 
used  in  connection  with  a  A'  controller  in  which  the  line 
switch  is  brought  in  through  a  contact  on  the  controller 
in  the  first  position  and  held  in  by  an  interlock  on  the 
line  switch.  The  connection  of  the  overload  relay, 
wherein  a  coil  holds  the  relay  in  the  tripped  position  has 
not  been  generally  adopted  with  door  interlocking  sys- 
tems. 

One  such  type  of  connection  for  a  K  controller  is 
shown  in  Fig.  5.  The  control  resistor  is  energized 
through  the  line  switch  attachment  when  the  controller 
is  thrown  on.  This  energizes  the  line  switch  operating 
circuit  at  a  relatively  low  potential,  the  circuit  being 
completed  only  through  the  door  interlocks,  with  the 
controller  in  its  first  position.     Completion  of  this  cir- 
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FIG.    S — SCHEMATIC    DI.^GRAM     OF    DOOR    INTERLOCKS     FOR    A    DRUM 
CONTROLLER 

power.  The  use  of  a  slip  ring  or  ratchet  switch  in 
place  of  the  line  switch  attachment  makes  it  necessary 
to  return  to  the  off  position  and  then  back  to  the  first 
in  order  to  resume  power,  these  devices  being  arranged 
so  that  they  open  the  circuit  as  soon  as  the  controller 
handle  is  moved  back  a  short  distance.  A  somewhat 
more  complicated  arrangement  is  shown  in  Fig.  6,  in- 
cluding a  special  overload  relay  similar  to  that  shown  in 
Fig.  I. 

K  control  equipments  in  general  are  for  single  car 
operation.  Multiple  unit  equipments  on  the  other  hand 
embody  train  operation  which  necessitates  contacts  ar- 
ranged as  shown  for  door  signaling.  Figs.  3  and  4.  It 
is  customary  to  energize  the  control  main  through  the 
door  interlocks  in  series,  feeding  from  the  rear  of  the 
train  through  to  the  operating  controller  at  the  head 
end.  Emergency  contacts  are  usually  provided  on  each 
master  controller  to  cut  out  all  door  interlocks  when 
reversing. 

A  description  of  all  door  interlocking  connections 
now  in  use  is  impracticable  here  on  account  of  the  mul- 
titude of  different  types  of  control  with  which  this  inter- 
locking is  combined.  Some  use  a  battery  as  a  control 
source,  with  the  controller  drum  at  battery  potential  or 
at  ground  potential.  Other  master  controllers  are  en- 
ergized at  600  volts.  Still  others  use  600  volts  energy 
and  a  lower  voltage  on  separate  portions  of  the  master 
controller.  In  some  cases  the  door  interlocks  are  in  the 
high-potential  circuit,  while  in  special  cases  they  are 
connected  in  the  ground  return  circuit  or  in  circuits  of 
intermediate  potential.     In  each  case,  however,  the  gen- 
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FIG.    6 — DOOR   INTERLOCKS   WITH    SPECIAL  OVER   LOAD  RELAY 

eral  principles  outlined  above  are  applied.  The  ultimate 
aim  in  any  such  system  should  be  simplicity  and  stand- 
ardization, exercising  great  care  to  make  sure  that  un- 
essential features  which  tend  toward  complicity  are  not 
included. 


VYar^'riiao  J)ip|Viii;5  a:.uJ  ;ia]<iii5'  Oiitfjts 


THE  average  railway  operating  man,  although  a 
firm  believer  in  tlie  systematic  treatment  of  rail- 
way motor  windings  as  an  insurance  against 
grounds  and  burnouts  due  to  snow  and  Vk^ater,  may  be 
unable  to  install  the  necessary  equipment  to  handle  this 
work  properly  on  account  of  the  present  scarcity  of 
available  funds,  labor  and  material.  One  company, 
facing  just  such  conditions  as  these,  "took  the  bull  by 
the  horns"  and  within  a  week's  time  and  at  a  very  little 
expense  built  and  put  in  operation  a  temporary  emer- 
gency outfit  to  handle  this  line  of  work.  This  appara- 
tus has  been  in  constant  service  for  several  months  and 
has  given  such  gratifying  results  that  it  is  believed 
worth  while  to  show  its  construction  and  give  some 
general  information  as  to  how  this  work  is  handled  for 


J.  S.  Deax 


armatures,  with  the  pinion  end  of  each  shaft  extending 
outside  of  the  box  to  allow  the  armatures  to  be  turned 
ever}'  15  to  20  minutes  while  baking,  by  means  of  a 
special  wrench  hooking  into  the  key  way.  Electric 
heaters  connected  to  the  500  volt  trolley  line  are  located 
at  the  bottom  of  the  oven.  Narrow  drip  pans  are  placed 
under  each  armature  to  catch  the  excess  varnish.  The 
box  shown  in  Fig.  3  is  made  of  wood,  lined  with  as- 
bestos board  to  make  it  as  fireproof  as  possible.  The 
same  principle  could,  of  course,  be  employed  with  a 
sheet  steel  box,  lined  with  asbestos  to  reduce  the  heat 
radiation,  thus  eliminating  tlie  fire  hazard. 

In  Fig.  4  is  shown  the  heating  and  baking  oven 


FIGS.   I  .\ND  2 — IMPROVISED  DIP  T.\NK 


the  benefit  of  other  operators  who  may  have  to  work 
out  a  similar  solution  for  this  problem. 

The  construction  of  this  outfit  can  readily  be  ob- 
served from  the  illustrations  without  elaborate  de- 
scriptions. The  improvised  dip  tank  is  shown  in  Fig. 
I  with  an  armature  ready  to  be  immersed.  This  tank 
is  an  old  steel  oil  drum  with  the  head  cut  out  and  with 
the  inside  cleaned  out  and  well  shellaced.  The  wooden 
platform  is  mounted  on  heavy  castors  to  make  the  out- 
fit jjortable. 

In  Fig.  2  is  shown  an  armature  being  drained  of 
excess  varnish  after  dipping.  While  in  this  position  the 
armature  should  be  given  a  quarter  turn  every  ten 
minutes,  to  allow  the  varnish  to  drain  out  of  all  pockets. 

The  temporary'  heating  and  baking  oven  is  shown 
in  Fig.  3  with  two  armatures  in  place  and  having  the 
lid  and  a  section  of  one  side  off,  preparatory  to  replac- 
ing the  armatures.     This  box  is  designed  to  hold  four 


FIGS.  3  .XXD  4 — IMPROVISED  B.'^KING  OVEN 

with  two  armatures  inside  and  with  the  lid  in  place. 
The  lid  is  slightly  raised  to  provide  ventilation,  the 
height  being  adjustable  to  control  the  temperature  in- 
side the  oven,  which  is  measured  by  two  thermometers 
placed  in  openings  in  the  lid.  Holes  are  bored  through 
all  four  sides  at  the  bottom  of  the  box  to  provide  cir- 
culation of  air  inside  the  oven. 

]\Iuch  of  the  material  used  in  the  construction  of 
this  outfit  was  available  in  the  form  of  scrap.  Assign- 
ing values  to  this  material,  however,  it  is  estimated  that 
the  entire  cost  of  the  materials  used  was  $63.50  itemized 
as  follows : — 

Bo.x  made  out  of  old  shipping  bo.x. 

Estimate    for   material $12.00 

52  sq.  ft.  asbestos    Vi    in.  thick 13-50 

3   Heating   Elements    18.00 

Oil  drnm   used   for  dipping  tank 12.00 
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Rollers    for    platform 2.00 

Pipe   for  tee  device   for  lifting  armature 0.50 

Metal    for    trays O'SO 

Wire,   sockets  and  plugs 3  00 

Pipe  and  standards  for  supporting  brackets 2.00 

The  labor  required  in  assembling  the  entire  out- 
fit, including  cutting  the  head  off  the  tank,  building  the 
box  and  platform  and  making  several  special  small  tools, 
such  as  a  pipe  tee  for  lifting  the  annature,  trays  for 
catching  the  drip,  a  wrench  for  turning  the  armatures 
etc.  was  34  man-hours. 

While  not  quite  as  satisfactory  from  the  standpoint 
of  economical  operation  as  the  more  elaborate  outfits 


which  are  designed  especially  for  this  work*,  the  re- 
sults that  can  be  obtained  with  this  home-made  outfit 
will  give  entire  satisfaction  and  the  oittfit  will,  withm  a 
comparatively  short  time,  more  than  pay  for  itself  in  the 
form  of  reduced  maintenance  charges,  fewer  pull-ins 
and  better  service  to  the  traveling  public. 


*For  descriptions  of  dipping  and  baking  outfits  see  "Railway 
Operating  Data"  in  the  Journal  for  June  1918,  p.  240;  also 
articles  on  this  subject  by  Mr.  J.  V.  Dobson  in  the  Electric 
Railway  Journal  for  June  15,  1918;  and  in  the  Street  Railway 
Bulletin  for  August  1918.  For  descriptions  of  the  process  of 
dipping  and  baking  see  "Railway  Operating  Data"  in  the  Jour- 
nal for  April  1918,  p.  137. 
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NE  of  the  features  in  the  operation  of  a  car  most 
readily  noticed  and  appreciated  by  the  general 
public  is  the  manner  of  starting,  whether  smooth 
or  jerkv.  A  high  rate  of  acceleration  can  be  maintained 
without  discomfort  to  the  passengers,  provided  the 
maximum  rate  of  acceleration  is  built  up  gradually 
and  then  maintained.  Recent  tendencies  toward  light 
weight  cars,  and  power  saving  by  high  acceleration 
rates,  have  attached  increased  importance  to  the  fea- 
ture of  smooth  starting  which  requires  : — 

I — Small  increments  of  tractive  effort. 

2 — Constant  or  uniform  rate  of  acceleration. 

The  first  depends  on  the  number  of  control 
notches,  the  internal  resistance,  the  inductive  and  speed 
characteristics  of  the  motors,  and  the  proper  propor- 
tions of  gear  ratio  and  motive  power  to  the  weight  and 
type  of  car.  Most  standard  equipments  possess  the 
proper  balance  of  these  characteristics,  with  a  tractive 
effort  increment  of  about  25  percent  on  each  notch. 

The  second  item,  that  of  constant  or  uniform  ac- 
celeration is  entirely  a  function  of  the  manipulation  of 
tlie  control. 

HAND    CONTROL 

Hand  control  is  the  accepted  standard  method  of 
starting  power-operated  vehicles  such  as  trolley  cars, 
autotrucks  and  even  heary  electric  locomotives.  There 
is  usually  an  infinite  variety  of  starting  conditions  to 
be  met,  which  require  flexibility  in  operation  and  a  quick 
response  to  the  will  of  the  operator,  with  no  restrictions 
other  than  circuit  breaker  protection  and  slipping  of  the 
wheels.  Most  operators  soon  acquire  a  sense  of  speed 
and  relative  acceleration  which  enables  them  to  handle 
vehicles  with  a  high  degree  of  safety  and  efficiency. 

Hand  control  was  the  original  method  used  for 
operating  motor  cars,  and  for  a  long  time  was  the  only 
method  employed.  As  the  electric  railway  industry 
grew  to  include  subway  and  elevated  electrifications, 
it  became  possible,  through  the  use  of  remote  control 
apparatus,  to  place  in  the  hands  of  one  operator  the  ap- 
plication of  a  large  amount  of  energy,  distributed 
throughout  a  train;  and  it  was  advisable  to  place  some 
restrictions  on  the  rate  at  which  power  could  be  ap- 
plied.    This  led  to  various  forms  of  automatic  accelera- 


tion depending,  for  die  most  part,  on  the  constant-cur- 
rent principle,  thus  providing  the  fullest  protection  to 
the  equipment  and  ideal  starting  qualities. 

At  various  times,  some  form  of  automatic  control 
has  been  adapted  to  classes  of  city  and  interurban  ser- 
vice having  more  variable  characteristics  than  the  usual 
subway  and  elevated  propositions.  Whenever  the  sys- 
tem is  extended  beyond  those  properties  where  operat- 
ing conditions  are  practically  constant,  with  several 
power  units  in  each  train,  and  having  practically  no 
grades  above  two  or  three  percent,  it  becomes  neces- 
sary to  study  the  conditions  carefully,  and  in  most  cases 
to  provide  means  to  enable  the  operator  to  eliminate  the 
automatic  features  temporarily  in  order  to  negotiate 
some  steep  grade,  or  to  help  a  disabled  car  from  the 
line.  As  soon  as  means  are  provided  for  cutting  out 
the  automatic  features,  there  is  a  tendency  for  the  op- 
erator to  use  this  feature  frequently  in  order  to  make 
up  time,  or  for  other  less  important  reasons.  The  real 
advantages  of  the  automatic  features  may  therefore  be 
lost  at  a  time  when  they  are  most  needed.  Further- 
more, any  system  requiring  an  unaccustomed  manipula- 
tion in  an  emergency  is  subject  to  man  failure  and  may 
be  a  cause  of  delays,  even  though  all  parts  are  in  good 
working  condition. 

AUTOMATIC  SYSTEMS 

In  order  to  give  a  clear  understanding  of  the  ad- 
vantages and  limitations  of  the  various  automatic  and 
semi-automatic  control  methods  which  are  being  used 
to  meet  certain  specific  operating  conditions,  these  sys- 
tetns  are  listed  below,  together  with  a  description  of  the 
special  features  used,  and  the  results  obtained:— 

I — Restrictions    by    some  form    of    automotoneer    handle, 
which  is  a  mechanical  device,  imposing  certain  delay  in 
movement   from  notch  to  notch, 
2 — Constant  motor  current,  or  constant  trolley  current  ob- 
tained by  a  current  relay. 
3 — Fixed    time    acceleration,    wherein    a    certain    predeter- 
mined time  interval  is  consumed  on  each  notch. 
4 — Various  combinations  of  the  above. 
Automotoneer — From    time    to    time    various    me- 
chanical   devices    have    been    attached    to    controller 
handles    for   fixing   the   maximum    rate   at   which   the 
handle  can  be  advanced.     Such  devices  accomplish  the 
desired  results  when  carefully  maintained,  but  have  not 
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proven  universally  satisfactory.  Most  devices  can,  by 
skillful  manipulation,  be  put  through  a  complete  cycle 
in  about  three  seconds,  which  is  entirely  too  fast  to  meet 
average  conditions  and,  in  addition,  permits  the  opera- 
tor to  accelerate  in  an  erratic  manner. 

Constant  Motor  Current  or  Constant  Trolley  Cur- 
rent— The  current  relay  came  into  use  primarily  in 
connection  with  multiple-unit  operation  involving  re- 
mote control  for  the  purposes  of  safety  in  operation, 
and  equalization  of  load  between  all  power  units  in  a 
train.  This  is  the  ideal  method  of  acceleration  from  the 
point  of  view  of  protection  to  the  equipment,  power  sav- 
ing and  riding  comfort.  On  elevated  and  subway 
roads,  or  on  main  line  electrifications  where  the  grades 
are  slight,  the  results  secured  are  very  desirable.  A 
constant  rate  of  acceleration  can  be  selected  which  is 
correct  for  all  parts  of  the  line,  and  fairly  uniform  op- 
eration is  obtained  with  variable  passenger  loadings. 

There  have  been  interurban  applications  where  it 
was  necessary  to  limit  the  peak  load,  and  current  relays 
have  been  utilized  to  maintain  approximately  constant 
trolley  current  for  each  equipment.  This,  of  course, 
reduces  the  rate  of  acceleration  in  parallel,  which  is 
warranted  only  under  extreme  conditions. 

A  refinement  of  the  constant  current  acceleration 
method  is  to  adapt  the  current  or  tractive  effort  during 
acceleration  to  the  loading  of  the  equipment.  This  in- 
volves an  automatic  means  of  adjusting  the  current  re- 
lay in  proportion  to  the  load  in  the  car  so  that  the  actual 
accelerating  rate  is  constant,  regardless  of  the  load. 
This  is  advantageous  where  schedules  must  be  main- 
tained through  "rush  hour"  periods  and  where  head- 
way between  trains  is  close. 

In  extending  the  current  limit  system  to  city  and 
interurban  equipments  where  variable  grade  conditions 
are  met,  it  has  been  found  desirable  to  provide  some 
means  for  rendering  the  limit  inoperative  under  abnor- 
mal conditions.  It  often  occurs  that  one  or  two  steep 
grades  on  the  system  require  much  more  than  the  nor- 
mal current  in  starting.  Similar  conditions  obtain 
when  passing  around  sharp  curves  or  when  hauling  dis- 
abled cars.  The  automatic  equipment  may  be  provided 
with  a  spring-return  short-circuiting  switch,  permitting 
operation  at  will  in  excess  of  the  current  setting;  or  it 
may  be  so  arranged  that  the  operator  advances  notch 
by  notch  from  repeated  manipulation  of  a  small  spring 
switch.  This  simulates  the  action  secured  from  the 
automotoneer. 

A  method  which  has  more  "fool-proof"  character- 
istics is  to  provide  two  current  relays,  or  a  compound- 
wound  relay,  and  temporarily  increase  the  current  set- 
ting when  necessary,  but  at  the  same  time  retain  the 
advantage  of  final  limitation  of  the  amount  of  current. 
The  standard  arrangement  for  automatic  equip- 
ment has  been  to  provide  only  three  master  controller 
positions,  switching,  series  and  parallel.  However  in 
city  service  it  is  desirable  to  include  positions  for  all 
of  the  series  notches,  in  order  to  meet  the  variety  of 
slow  speeds  encountered  when  operating  in  dense  traffic. 


Fixed  Time  Acceleration — Wherever  constant  cur- 
rent acceleration  is  effective  with  or  without  the  ad- 
justment in  proportion  to  load,  the  result  is  practically 
the  same  as  can  be  obtained  by  consuming  automati- 
cally a  fixed  amount  of  time  on  each  notch.  The  time 
basis  is  quite  as  effective  in  securing  smooth  accelera- 
tion and  ultimate  protection  to  the  equipment,  but  has 
the  disadvantage  of  not  being  applicable  to  roads  hav- 
ing variable  grade  conditions.  It  is,  however,  a  good 
compromise  between  hand  acceleration  and  full  auto- 
matic acceleration,  without  some  of  their  disadvantages. 

Combined  Current  and  Time  Limit  Acceleration — 
The  average  city  and  interurban  service  consists  of  a 
large  percentage  of  starting  on  fairly  level  track  with 
only  an  occasional  start  on  a  steep  grade.  Constant 
current  acceleration  covers  the  majority  of  starts  suc- 
cessfully ;  but  on  the  other  hand,  any  limit  cutout  device 
requires  rather  more  frequent  manipulation  by  the  op- 
erator than  is  practicable.  If,  instead,  a  fairly  long 
time  element  feature  is  superimposed  on  the  constant 
current  accelerating  system,  (  the  time  element  being 
approximately  correct  for  the  steepest  grades  and  com- 
ing into  effect  only  after  the  current  relay  has  been  de- 
layed in  operation),  the  result  is  to  provide  an  equip- 
ment having  all  the  advantages  of  constant  current  ac- 
celeration and  one  which  is  still  capable  of  negotiating 
any  abnormal  grade  or  increase  in  load,  without  reliance 
on  the  judgment  of  the  operator.  It  would  also  be 
possible  to  reverse  the  arrangement  and  make  the  time 
limit  effective  for  normal  operation  and  the  current 
limit  effective  only  to  restrict  the  maximum  current. 

CONCLUSION 

By  far  the  greater  number  of  equipments  now  in 
operation  are  accelerated  on  the  straight  hand  operation 
basis,  and  it  is  probable  that  the  proportion  will  not  be 
altered  greatly,  for  some  time  to  come.  In  spite  of  sus- 
ceptibility to  rough  starting  and  abuse,  hand  control 
methods  hold  their  own  against  the  automatic  systems, 
mainly  on  account  of  their  simplicity  and  flexibility  of 
application.  However,  on  new  equipments  there  is  a 
general  tendency  toward  automatic  and  fool-proof  de- 
vices in  connection  with  doors,  signals  and  other  fea- 
tures connected  with  car  operation  in  addition  to  the 
control.  The  difficulty  in  securing  skilled  operators 
makes  this  development  rather  imperative.  It  is  recog- 
nized that  any  automatic  control  features  tend  to  com- 
plicate the  apparatus,  and  that  the  system  must  be  nearly 
universal  in  operation  before  being  desirable  for  appli- 
cation to  any  great  percentage  of  installations.  There 
is  a  certain  dividing  line  where  the  added  complications 
for  the  special  features  offset,  in  their  cost  and  main- 
tenance, the  benefits  to  be  derived  from  the  improved 
operation.  This  dividing  line  depends  on  the  size,  in- 
spection facilities  and  other  characteristics  of  the  prop- 
erty being  considered,  and  the  local  conditions  require 
careful  study,  if  the  greatest  benefits  are  to  be  derived 
from  such  automatic  features  as  have  been  described. 
When  in  doubt  the  rule  should  be  "use  hand  control." 


E.  P.  GoocH 


THE  development  of  a  satisfactory  impact  test  is 
desirable  as  a  means  of  discovering  certain  flaws 
in  steel  which  can  not  be  found  by  physical  or 
chemical  tests,  or  which  may  be  overlooked  in  some 
cases  where  only  the  usual  methods  of  inspection  are 
used. 

The  specifications  upon  which  steel  for  car  axles 
and  armature  shafts  is  purchased  usually  require  that 
samples  from  each  heat  be  tested  for  certain  chemical 
and  physical  properties,  to  insure  a  steel  in  which  a 
proper  heat  cycle  has  been  followed  during  manufac- 
ture and  subsequent  heat  treatments.  Such  tests  will 
not,  however,  indicate  seams,  pipes  and  general  inter- 
nal mechanical  defects  which  may  make  the  finished 
shaft  dangerously  weak,  though  the  physical  tests  on 
the  sample  indicate  ample  strength.  An  experienced 
inspector  will  generally  detect  and  throw  out  such 
shafts,  as  there  are  usually  "ghost  lines"  on  the  surface 
which  indicate  unwelded  metal  or  "seams"  beneath. 
Doubtlessly  a  great  many  shafts  having  seams  go  into 
service  and  are  never  heard  from,  either  because  the 
seam  is  not  at  a  heavily  worked  section  or  because  its 
weakening  effect  on  the  shaft  is  cared  for  by  the  large 
"factor  of  safety"  used  in  the  design.  In  this  case 
"factor  of  ignorance"  would  be  a  truer  term  as  a  smaller 
factor  could  be  used  with  equal  safety,  if  the  designer 
could  be  sure  of  getting  seamless  material. 

In  order  to  avoid  material  with  seams,  the  specifi- 
cations usually  include  some  such  provision  as : — "A 
sufficient  amount  of  discard  shall  be  made  from  each 
ingot  to  insure  freedom  from  piping  and  undue  segre- 
gation." This  is  rather  indefinite  as  the  proper  amount 
of  discard  varies  with  different  ingots. 

\\'hen  a  shaft  with  an  internal  defect  is  machined, 
fine  lines  known  as  "ghost  lines"  may  appear  on  the 
surface  and  these  indicate  the  defect  below.  These  de- 
fects often  follow  very  erratic  paths,  however,  and 
sometimes  will  not  come  to  the  surface  at  any  point 
though  there  may  be  a  pocket  which  will  greatly  de- 
crease the  strength  of  the  shaft.  This  is  the  most  dan- 
gerous condition,  as  all  of  the  methods  which  have  been 
mentioned  would  indicate  good  material  and  the  .shaft 
would  probably  be  passed  without  question.  When  the 
pocket  is  large,  it  can  be  detected  by  mounting  tlie  shaft 
m  a  sling  and  "ringing  out"  with  a  hammer.  That  is, 
the  shaft  is  struck  a  sharp  blow  with  a  light  hammer, 
which  will  cause  a  good  shaft  to  give  out  the  clear  tone 
of  a  bell,  while  a  shaft  with  a  large  internal  pocket,  ma- 
terially affecting  the  cross-section,  will  give  a  dead 
sound,  which  is  readily  recognized. 

The  impact  test  has  been  used  to  find  seams  in  .';teel 
rails  by  making  use  of  the  decreased  resilience  of  the 
material  due  to  the  hidden  flaw.  The  test  is  made  on  a 
sample  which  is  left  over  after  the  standard  lengths 
have  been  cut  from  the  rolled  stock.  The  sample  is 
always  taken  from  the  end  which  is  most  apt  to  have 
seams ;  that  is,  the  end  which  was  originally  the  top  of 


the  ingot.  This  piece  is  mounted  on  a  very  heavy, 
spring  supported  anvil  with  a  certain  distance  between 
supports.  A  heavy  weight,  or  "tup",  is  dropped  from  a 
definite  height  on  the  point  midway  between  supports. 
The  permanent  deflection  of  the  sample  will  be  within 
certain  limits  for  good  material.  The  test  as  made  by 
one  manufacturer  requires  a  20000  pound  anvil  with 
a  2000  pound  tup  and  seven  feet  between  supports.  The 
drop  is  varied  to  suit  the  different  sizes  to  be  tested. 

Such  a  test  for  shafts  and  axles  is  desirable  but  it 
should  be  so  modified  that  the  test  could  be  made  on 

the  piece  to  be 
used  instead  of  a 
sample.  This  is 
especially  impor- 
tant where  shafts 
have  been  heat 
treated,  a  s  the 
special  treatment 
will  either  increase 
the  size  of  the 
cracks  and  seams 
or  will  magnify  the 
effect  of  the  flaws, 
I  since     the     heat 

I  :  treated      material, 

though  showing 

^^  physical    tests    in- 

^^^^L,  dicating  greatly  in- 

^^^^K.'  creased      strength, 

^^^B  possesses       such 

characteristics  that 
failure  may  result 
from  more  or  less 

FIG.    I-IMPACT  TESTING   M.^CHINE  ^^^-^^       grOWth       of 

the    initial    defect. 

In  order  to  make  the  test  on  the  piece  which  is  to 
be  used,  it  is  necessary  to  keep  the  acting  forces  within 
the  elastic  limit  of  the  steel  so  that  tlie  shaft  will  not  be 
given  a  permanent  deflection.  It  is  also  desirable  to 
have  the  test  so  simple  that  it  is  feasible  to  apply  it  to 
all  shafts  of  an  order  and  not  to  just  a  few.  If  such  a 
test  could  be  made  i-eliable,  the  designer  could  logically 
use  a  smaller  "factor  of  safety"  than  is  permissible  at 
present. 

An  attempt  was  made  to  develop  such  a  test  for  use 
on  railway  motor  shafts  of  diameters  from  two  to  six 
inches  which  would  give  the  desired  result  with  as 
simple  apparatus  as  possible.  The  impact  testing  ma- 
chine illustrated  was  assembled  from  parts  found  in  the 
factory  and  no  special  castings  were  made. 

The  base  is  a  2000  pound  block  of  cast  iron 
smoothed  on  the  top  surface  and  resting  on  a  thin  layer 
of  sand  over  a  brick  floor.  The  guides  for  the  falling 
weight  were  taken  from  a  small  drop  hammer  and  were 
bolted  to  the  iron  base.  On  top  of  these  guides  are 
straps  supporting  the  pulley  at  sufficient  height  to  al- 
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low  use  of  the  full  length  of  the  guides.  The  hammer 
is  a  steel  block  weighing  loo  pounds  and  is  guided  so 
loosely  as  to  allow  practically  a  free  fall.  In  the  top 
is  an  eye  bolt  which  engages  a  trigger  device  that  can 
be  adjusted  to  various  heights.  The  hammer  is  drawn 
up  to  the  trigger  by  a  rope  which  is  disconnected  before 
allowing  the  weight  to  fall  on  the  shaft.  The  striking 
face  of  the  hammer  is  rounded  and  hardened  to  concen- 
trate the  blow.  The  supports  are  halves  of  a  short 
length  of  seven  inch  axle  steel  bolted  to  the  bed  plate. 
Each  one  is  i8  inches  from  the  point  directly  undei  the 
hammer  giving  exactly  three  feet  between  supports. 
The  shaft  shown  in  position  is  for  a  200  hp  railway 
motor  and  is  4.5  in.  in  diameter.  The  small  block  shown 
in  the  foreground  on  the  bed  plate  was  used  in  measur- 
ing the  maximum  deflection  of  the  shaft  under  impact. 

The  first  work  done  with  this  machine  was  of  an 
empirical  nature  based  on  a  similar  test  made  elsewhere. 
The  results  were  negative,  so  further  work  was  done  to 
see  if  positive  benefits  could  be  obtained.  The  chief 
point  in  question  is  the  stresses  induced  in  the  shaft  by 
the  impact.  It  is  probable  that  the  maximum  deflec- 
tion of  the  shaft  is  a  direct  measure  of  the  maxnnum 
stress,  so  arrangements  were  made  to  measure  the  de- 
flection of  the  center  of  the  shaft;  that  is,  the  maximum 
deflection  directly  below  the  point  of  impact. 

This  was  accomplished  by  using  compression  cones 
made  of  a  soft  lead  babbitt.  They  were  placed  directly 
under  the  point  of  impact  on  the  head  of  a  tap  bolt 
which  was  screwed  into  a  small  iron  block.  The  height 
of  the  cone  was  measured  with  a  micrometer  caliper 
before  putting  in  place,  the  tap  bolt  was  backed  out  un- 
til the  cone  was  in  firm  contact  with  the  under  side  of 
the  shaft  and  the  hammer  was  then  dropped.  The 
babbit  used  has  practically  no  resilience  so  tlie  final 
length  could  be  measured  and  the  difference  between 
initial  and  final  height  taken  as  a  measure  of  the  maxi- 
mum deflection.  Calculations  indicated  that  the  en- 
ergy absorbed  by  the  cone  would  be  such  a  small  frac- 
tion of  the  total  energy  of  impact  that  it  was  neglected 
in  most  of  the  work.  However,  a  check  was  made  by 
using  a  piece  of  paraffin  which  had  been  heated  until 
fairly  soft  though  stiff  enough  to  be  measured.  It 
was  used  as  a  roughly  formed  cone  to  measure  the  de- 
flection in  the  same  manner  and  indicated  that  the  er- 
ror due  to  the  babbitt  cone  was  widrin  the  limits  of 
error  due  to  other  crude  features  of  the  test. 

Calculations  were  made  on  the  assumption  that  a 
part  of  the  kinetic  energy  of  impact  is  used  in  over- 
coming the  inertia  of  the  shaft  and  that  the  balance  is 
effective  in  deflecting  the  shaft,  that  is,  in  producing 
stress.  This  assumption  made  the  calculations  of  de- 
flections and  stresses  quite  simple  and  it  was  found  that 
the  measured  deflections  were  very  close  to  the  calcu- 
lated values  for  as  large  a  range  of  shaft  diameters  and 
hammer  weights  as  could  be  handled  with  this  appara- 
tus. 

The  check  between  calculated  and  measured  de- 
flections is  close  enough  to  indicate  that  the  maximum 
stress  in  the  shaft  is  probably  fairly  close  to  the  calcu- 


lated value.  But  this  stress  exists  only  at  the  section  of 
the  shaft  directly  under  the  hammer  and  it  decreases 
toward  the  supports.  If  this  is  the  true  condition,  the 
test  can  be  of  no  real  value  as  the  most  dangerous  place 
for  a  seam  is  toward  the  pinion  fit  which,  being  near 
the  end  of  the  shaft,  must  necessarily  be  near  a  support. 
Several  shafts  that  were  known  to  be  defective 
near  the  end  were  subjected  to  impact  and  gave  no  indi- 
cation of  defective  material,  though  the  energy  of  im- 
pact was  greater  than  would  have  been  permissible  in  a 
commercial  test.  As  far  as  was  known,  none  of  the 
shafts  tested  were  defective  near  the  mid-section. 

From  this  it  appears  that  the  test  should  be  changed 
so  that  the  stress  in  the  shaft  will  be  as  uniform  as  pos- 
sible and  will  remain  high  very  nearly  to  the  end  of  the 
shaft.  If  this  is  true,  the  test  should  be  made  with 
both  ends  of  the  shaft  firmly  held  and  the  blow  de- 
livered by  a  hammer  with  its  striking  face  so  shaped 
that  it  will  distribute  the  force  over  a  fairly  large  area. 
A  stress  diagram  for  the  test  as  made  is  shown  in 
Fig.  2.  The  dotted  curve  represents  the  stress  diagram 
for  the  equivalent  static  load  and  the  solid  line  shows 
the  probable  shape  with  the  inertia  taken  into  account. 
No  tests  have  been  tried  with  the  last  mentioned 
conditions,  but  it  is  obvious  that,  if  there  is  anything  in 
this  theory,  the  weight  of  the  drop  hammer  should  be 
X  large    in    comparison 

with  the  weight  of 
the  shaft  under  test 
in  order  to  decrease 
the  effect  o  f  the 
shaft  inertia. 

Also,  the  length 
of  the  hammer  face 
in  contact  with  the 
shaft  during  impact 
should  be  adjusted 
so  as  to  make  the 
slope  of  the  stress 
curve  as  steep  as  possible  where  it  crosses  the  axis  of 
zero  stress.  This  will  tend  to  flatten  the  other  parts  of 
the  curve  and  approach  the  condition  of  uniform  stress 
which  is  desired. 

Even  if  this  test  can  be  modified  to  give  nearly  uni- 
form stress  over  the  entire  length  of  the  shaft,  there  is 
still  doubt  as  to  whether  or  not  it  will  show  up  defects. 
In  a  given  lot  of  shafts,  made  up  at  tlie  same  time  and 
under  the  same  specifications,  there  will  often  be  con- 
siderable variation  in  physical  properties  such  as  yield 
point  and  tensile  strength.  For  the  test  to  accomplish 
its  purpose,  it  is  necesary  that  the  stresses  set  up  should 
not  be  sufficient  to  spoil  a  good  shaft  for  further  use 
but  that  at  the  same  time,  they  should  be  sufficient  to 
cause  perceptible  overstressing  of  sections  whose  ef- 
fective areas  are  reduced  by  defective  material. 

Such  a  test  is  not  yet  available  but  would  be  of 
great  value  in  testing  heat-treated  shafts,  as  well  as  in 
many  other  places,  if  it  could  be  developed  into  an 
easily  made  test  of  reliability  comparable  with  that  of 
the  various  other  design  factors. 
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FIG.   2 — STRESS  DIAGRAM 
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IN  THE  design  of  railway  motors,  the  most  impor- 
tant objective  is  maximum  power  with  minimum 
weight  consistent  with  rehable  operation.  Next 
comes  space  reduction  and  this  generally  accompanies 
weight  reduction.  Low  cost  is  desirable  and  essential. 
Low  weight,  of  course,  tends  toward  low  cost  until  in- 
tricacies and  complications  of  design  along  with  the  use 
of  expensive  materials  cause  costs  to  rise. 

A  problem  which  frequently  must  be  solved  in  lo- 
comotive design  is  the  determination  of  the  proper  type 


Labberton 

The  armature  revolves  at  the  speed  of  the  driving" 
wheels.  The  high  torque  required  would  necessitate 
large  armature  diameters  which  in  turn  call  for  large 
diameter  drivers.  These  large  drivers  would  immedi- 
ately lower  the  tractive  effort  and  render  available  a 
high  maximum  speed  .  But  the  speed  limit  of  the  lo- 
comotive on  ordinary  track  would  be  reached  before  the 
peripheral  speed  limit  of  the  armature  is  reached.  And 
since  the  desired  object  is  high  tractive  effort  with  re- 
latively loAv  maximum  speed,  this  type  of  motor  leads 
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FIG.    I — OUTLINE   OF    SIXGLE-?H.\SE   SINGLE   ARM.\TURE    MOTORS 

Used  on  the  New  York,  New  Haven  &  Hartford  Railroad. 


FIG.    2 — OUTLINE    OF    SINGLE-PHASE    TWIN    ARMATURE    MOTORS 

Used  on  the  New  York,  New  Haven  &  Hartford  Railroad, 


of  motor  for  a  given  type  of  drive.  The  first  single- 
phase  motor  used  in  connection  with  the  quill  type  of 
drive*  was  gearless.  That  is,  the  quill  was  pressed  di- 
rectly into  the  armature  spider.  This  motor  is  highly 
successful  in  the  high  speed  passenger  service  to  which 
it  was  applied  but  it  is  evident  that  this  type  of  motor 
does  not  lend  itself  readily  to  slow-speed  freight  service, 
where  relatively  high  tractive  efforts  are  required,  for 
the  following  reasons : — 


*See  article  by  Mr.  Hardcastle  in  the  Journal  for  Oct., 
1917.  p.  414.  for  a  description  of  this  qnill  drive. 


to  uneconomical  design — it  requires  too  much  weigh* 
for  the  power  produced. 

Thus  it  follows  that  to  produce  a  motor  suitable 
for  either  freight  or  passenger  service,  some  other  de- 
sign than  the  gearless  quili-mounted  motor  is  necessary 
— so  the  next  type  of  motor  applied  to  the  quill  drive 
was  one  geared  to  the  quill  instead  of  direct  connected! 
as  was  the  gearless  type.  This  geared  motor  had  * 
wider  scope  because,  by  the  aid  of  different  gear  ratios, 
it  was  possible  to  vary  the  tractive  effort  and  speed,  the 
horse-power  remaining  constant. 
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This  first  geared-to-quill  motor  was  a  single-phase, 
25  cycle  motor.  On  account  of  the  high  torque  to  be 
transmitted,  an  extra  long  pinion  face  was  necessary, 
also  if  one  pinion  had  been  used,  the  shaft  at  this  point 
would  have  had  to  be  extra  large  to  care  for  the  exces- 
sive bending  and  torsional  stresses.  Therefore,  a  pinion 
was  used  at  each  end,  keeping  the  total  face  length  to 
the  amount  necessary  and  dividing  the  bending  and  tor- 
sional stresses.     This  made  two  gears  necessary. 

The  maximum  speed  of  most  railway  motors  is 
limited  by  the  strength  of  the  band  wires  around  the 
armature.  For  a  given  peripheral  speed  of  the  arma- 
ture, the  tractive  effort  produced  at  the  wheels  varies 
almost  directly  as  the  armature  diameter.  In  other 
words,  torque  varies  approximately  as  the  square  of  the 
diameter  (with  constant  ampere  conductors  per  inch) 
while  for  a  constant  speed  in  revolutions  the  peripheral 
speed  varies  directly  as  the  diameter.  Take  for  ex- 
ample a  locomotive  with  a  gear  ratio  R  such  that  the 
motor  revolutions  per  minute  are  equal  to  the  locomotive 
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miles  per  hour  when  multiplied  by  R.  Let  the  rated 
tractive  effort  be  TE  and  the  motor  torque  T.  Suppose 
the  diameter  of  the  motor  be  increased  to  twice  its 
original  size.  ;  In  order  to  keep  the  peripheral  speed  the 
same,  R  must  be  changed  to  2R  and  the  torque  is  now 
2-T  or  4T.  But  on  account  of  the  changed  gear  reduc- 
tion, the  tractive  eifort  is  now  twice  what  it  was  origin- 
ally. 

The  motor  weight  varies  approximately  as  the 
.  square  of  the  diameter,  the  length  remaining  constant. 
Where  motors  are  not  limited  in  dimensions,  the 
weight  per  unit  output  decreases  as  the  output  increases. 
But  the  length  of  railway  motors  mounted  on  axles  is 
limited.  Hence  as  the  tractive  effort  increases  in  this 
type  of  motor  the  weight  of  the  motor  per  pound  of 
tractive  effort  increases  approximately  as  the  square  of 
the  tractive  effort.  This  is  a  very  undesirable  feature 
because  the  tendency  of  the  railroads  is  toward  higher 
powered  locomotives. 

The  idea  immediately  presents  itself  that  the  lo- 


comotive be  built  with  a  large  number  of  wheels  and 
quills  with  small  motors.  This  idea  is  immediately  dis- 
pelled on  realizing  that  it  is  futile  to  save  motor  weight 
if  weight  is  immediately  added  by  using  a  large  number 
of  heavy  driving  wheels.     Anyway,  if  the  motor  is  not 
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FIG.   4 — THE    SINGLE    ARMATURE    MOTOR 

large  enough  to  give  the  full  power  the  pair  of  driving 
wheels  can  use,  the  design  is  uneconomical.  There- 
fore, the  next  logical  thing  that  can  be  done  is  to 
mount  a  number  of  smaller  motors  on  one  quill  and 
pair  of  drivers.  Unfortunately  this  number  is  limited 
to  two  if  accessibility  of  brushholders  is  retained.  In 
time  this  difficulty  may  be  overcome. 


FIG.    5 — THE    TWIN    ARMATURE    MOTOR 

On  closer  study  of  this  scheme  it  will  be  seen  that 
there  are  still  further  advantages.  The  two  pinions, 
one  on  each  shaft  being  sufficient,  can  now  mesh  with  a 
single  gear.  The  elimination  of  the  other  gear  not  only 
saves  weight  but  renders  space  available  for  lengthen- 
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ing  the  motor.  A  small  railway  motor  is  also  easier  to 
manufacture  than  a  larger  railway  motor.  The  com- 
mutator construction  and  the  setting  of  the  brush  neu- 
tral is  far  easier  on  a  small  motor.  Repair  parts  are 
cheaper  for  the  smaller  motor  and  less  apparatus  is 
kept  out  of  service  in  case  of  failure. 

The  moment  of  inertia  of  two  small  armatures  is 
less  than  that  of  one  large  armature,  therefore  the 
springs  of  the  quill  drive  system  receive  less  punish- 
ment under  conditions  of  chattering  wheel  slip.  The 
mechanical  dimensions  of  the  twin  armature  outfit  are 


TABLE  I— COMPARISON  OF  TWIN  AND  SINGLE 
ARMATURE  RAILWAY  MOTORS 


Twin 

Core  length,  in 13     . 

Armature  diameter,  in 22     . 

Number  of  slots 42     . 

Continuous  pole  flux,  kilolines 3600     . 

Brush  width,  in %  . 

Brush  length,  in 9     . 

Radial  duct  or  fan  length,  in iVs  . 

Numticr   of   poles 6     . 

Commutator  bars    252     . 

Armature  conductors  504     . 

Continuous  torque,  ft.  lbs lOOO     . 

Continuous  amps 500     . 


Single 
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•     39-5 
.     84 
•3300 


2 
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FIG.    6 — THE    NEW    YORK,    NEW    ll.WEN    &    U.VKTFORD    LOCOMOTIVE    TRUCKS    WITH    SINGLE   AUM.\TURE    MOTORS 


better  suited  to  locomotive  application  than  are  those 
of  the  single  armature  motor.  This  is  true  because  the 
equipment  deck  in  the  locomotive  can  be  placed  lower 
in  the  cab.  The  equipment  deck  must  be  placed  just 
over  the  tops  of  the  motors.  The  lateral  dimension  of 
the  twin  being  longer,  the  twin  motors  occupy  space  un- 
der the  equipment  deck  that  with  the  single  motor 
would  be  wasted. 

The  control  can  be  cheapened  slightly  in  some  cases 
by  connecting  the  two  armatures  permanently  in  series, 
because  the  voltage  would  thereby  be  doubled  and  yet, 


signed  to  occupy  mostly  the  space  under  the  end  bell. 
This  could  not  be  done  on  the  twin  armature  design 
because  of  the  small  diameter,  consequently  the  housing 
had  to  occupy  space  that  was  previously  occupied  by 
the  gear.  Therefore,  from  the  above,  it  is  seen  that 
the  twin  motor  is  virtually  the  same  as  the  single  inas- 
much as  the  pole  flux  and  conductors  per  pole  are  ap- 
proximately the  same.  The  torque  has  increased  in 
proportion  to  the  conductors  and  poles. 

Now  consider  this  twin  motor  applied  to  some  ser- 
vice where  the  single  motor  is  operating.     Assume  the 


FIG.    7 — THE    NEW    YORK,    NEW    H.WEN    &    H.\RTFORD    LOCOMOTIVE    TRUCKS   WITH   TWIN  ,\RMATURE   MOTORS 


in  case  of  trouble,  no  more  power  need  be  cut  out  of 
Circuit  than  if  one  large  low  voltage  armature  is  used. 
In  view  of  all  the  foregoing,  twin  motors  were  de- 
signed and  built  to  supersede  the  single  armature  mo- 
tor mentioned  above.  The  two  motors  are  compared 
in  Table  I.  It  can  be  seen  from  Table  I  that  the  twin 
motor  brush  length  was  increased  over  that  of  the  single 
at  the  expense  of  fan  length.  It  was  impossible  to  save 
all  the  space  occupied  by  the  extra  gear  of  the  single 
motor   on   account   of   the   housings,   which   were    de- 


single  motor  to  be  mounted  on  63  inch  drivers  with  86 
tooth  gears  and  27  tooth  pinions,  and  since  the  motor 
torque  is  3500  ft  lbs.,  the  tractive  effort  (neglecting 
gear  loss)  will  be  4250  lbs.  per  pair  of  drivers.  Taking 
the  maximum  allowable  peripheral  speed  of  the  arma- 
ture as  8000  ft.  per  min.  the  maximum  speed  of  the 
locomotive  will  be  45.5  miles  per  hour. 

Next  consider  this  same  truck  and  in  place  of  the 
single  motors  mount  the  twin  outfit  with  17  tooth 
pinions  and  a  97  tooth  gear.     Since  the  motor  torque  is 
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looo  ft.  lbs.,  the  tractive  effort  (neglecting  gear  loss) 
will  be  2170  lbs.  On  the  same  basis  as  before  the  ma.xi- 
mum  allowable  speed  of  the  locomotive  will  be  45.6 
miles  per  hour.  But  there  are  two  armatures,  so  the 
tractive  efifort  per  pair  of  drivers  will  be  4340  lbs.  for 
the  twin  set  compared  with  4250  lbs.  for  the  single  v.-ith 
maximum  allowable  speeds  of  45.6  and  45.5  miles  per 
hour  respectively.  Therefore,  the  performance  of  the 
two  motors  is  practically  the  same.  The  starting  or 
maximum  tractive  efforts  of  the  two  motors  would  be 
practically  the  same  also. 

But  what  is  gained  by  going  to  the  new  design  ? 
The  weight  of  the  single  motor  with  gear  case,  quill 
caps  and  quill  bearings  is  approximately  14  000  lbs. 
The  weight  of  the  quill  drive  and  details  exclusive  of 
wheels  is  approximately  6165  lbs.  This  makes  a  total 
of  20  165  lbs.  approximate  for  the  motor  complete  with 
drive. 


The  weight  of  the  twin  motor  with  gear  case,  quill 
caps  and  quill  bearings  is  approximately  12  830  lbs.  The 
weight  of  the  (juill  drive  and  details  exclusive  of  wheels 
is  approximately  4105  lbs.  This  makes  a  total  of 
16935  lbs.  approximate  for  motors  complete  with  drive. 

The  .saving  in  weight  of  the  new  design  over  the 
old  is  therefore  approximately  3230  lbs.  and  this  is  at 
once  reflected  in  first  cost  and  maintenance  of  the  lo- 
comotive. The  advantages  of  the  twin  over  the  single 
regarding  chattering  wheel  slip  were  found  to  be  real — 
the  life  of  quill  springs  under  twin  motor  application 
being  much  longer. 

Many  locomotives  have  been  built  using  this  type 
of  motor  and  a  large  group  of  both  alternating-current 
and  direct-current  motors  are  now  in  the  proces-,  of 
manufacture. 
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T'ae  l)cyf!l<)piti.Mii;  >)f  Uv)  v'Si;rf)oi:  Rnihvny  iV(*)i:>)r  ,iT\  America 

B.  G.  Lamme 

The  following  article  is  coiilriliuled  by  one  who  took  an  active  part  in  some  of  the  earliest  commer- 
cially successful  electric  railway  developments  and  has  been  closely  in  touch  with  all  later  developments. 
His  direct  knowledge  regarding  the  details  of  developments  by  organizations  other  than  the  one  with 
which  he  has  been  identified  is  necessarily  limited.  The  latter,  however,  of  which  he  is  now  chief  engineer, 
happens  to  be  one  of  the  two  surviving  railway  motor  builders  of  the  many  which  started  in  the  traction 
race.  No  claim  is  made  that  this  article  covers  the  history  of  all  railwa}'  motors ;  it  is  rather  the  history 
of  the  author's  own  experience  in  this  very  interesting  field.  In  the  preparation  of  this  article,  the  old 
time  associates  of  the  author  were  called  upon  for  data  and  reminiscences,  and  he  is  particularly  indebted 
to  Mr.  N.  W.  Storer  for  certain  details  w-ith  which  the  latter  was  personally  more  familiar.  The  present 
article  is  limited  to  street  raihvay  motors,  although  at  first  it  was  intended  to  cover  all  railway  motors, 
including  interurban  and  main  line,  along  with  controllers  and  control  systems.  However  this  was  found 
to  be  too  extensive  a  field  for  one  section,  so  the  lemainder  of  this  subject  is  left  for  discussion  at  a  later 
time.     (Ed.) 


RAILWAY  motor  development  in  America  began 
back  in  the  early  8o's  but  much  of  this  was  of  a 
purely  pioneer  nature  and,  while  it  left  its  im- 
press, in  most  cases  it  was  not  a  lasting  one.  On  the 
other  hand,  certain  of  this  early  pioneer  work  led  di- 
rectly to  the  commercial  railway  motor  cjf  the  later  8o's. 
It  is  not  the  intention  to  go  into  this  very  early  history, 
but  to  take  up  the  development  at  the  period  where  it 
had  become  more  or  less  coinmercial. 

Principal  among  the  pioneers  in  this  work  ma)'  be 
mentioned — Van  Depoele,  Henry,  Daft,  Bentley- 
Knight,  Sprague  and  Short.  Some  of  the  railway  sys- 
tems brought  out  by  the  earl)-  inventors  simply  flashed 
up  for  a  short  time  and  then  disappeared.  Others  came 
and,  through  merit,  stayed  until  forced  out  of  the  field 
by  later  developments,  many  of  their  good  points  being 
embodied  in  the  later  systems.  The  Van  Depoele  sys- 
tem, with  its  under-running  trolley,  left  its  impress  on 
the  future  systems  in  the  form  of  the  under-running 
trolley  itself,  which  has  been  used  almost  universally 
since.  Professor  Short,  with  his  series  system  attracted 
some  attention  for  awhile  but,  being  defective  in  certain 


fundamental  jirinciples,  this  system  disappeared  in 
favor  of  the  parallel  system,  which  Short  himself  later 
adopted.  The  Sprague  system,  which  came  a  little  later 
than  some  of  the  others,  was  along  more  nearly  correct 
lines.  It  contained  certain  good  fundamental  princi- 
ples; it  persisted  longer  than  the  other  early  systems, 
and  eventually  established  electric  propulsion  as  the 
coming  s)'stem  of  traction  for  street  railways,  etc.  This 
will  be  referred  to  more  completely  under  the  descrip- 
tion of  railwa)'  motors. 

R.\ILWAY    MOTORS 

Practicall)-  all  the  early  railway  motors  which  were 
commercially  successful  were  of  the  double-reduction 
gear  t\  pe,  i.  e.,  there  were  two  sets  of  gears  between  the 
armature  shaft  and  the  car  axle.  There  were  two  rea- 
sons for  this,  namely,  the  comparatively  slow  speed  of 
the  cars  of  those  days,  and  the  high  speed  of  the  mo- 
tors, necessitating  something  like  a  ten-to-one  speed  re- 
duction. In  most  of  these  designs  the  motors  them- 
selves were  suspended  from  the  car  axle  and  were  con- 
nected thereto  by  means  of  spur  gearing.     In  a  few 
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si)ecial  instances  attempts  were  made  to  drive  the  axles 
llirough  bevel  gears,  one  motor  being  connected  to  two 
axles.  None  of  these  survived.  Also,  chain  drive  was 
used  on  the  early  \^an  Depoele  system. 

By  1889  the  electric  railway  had  become  quite 
firmly  established.  Even  at  this  early  day  the  most  suc- 
cessful systems  had  certain  points  of  similarity,  which 
apparentl}-  had  some  bearing  on  their  success.  At  this 
time,  the  Thomson-Houston  (a  development  of  the 
Van  Depoele  system),  the  Sprague  (Edison  Company) 
and  the  Short  (Brush  Company)  systems  were  at  the 
fore  and  all  were  apparently  quite  successful.  Early 
in  1890,  the  A\'estinghouse  Company  entered  the  field 
with  a  street  railway  system,  thus  making  four  princii)al 
manufacturers.  Thereafter  for  several  years  these 
four  systems  were  the  leading  ones  on  the  market. 
Gradually  two  of  these  dropped  out,  or  combined  with 
others,  leaving  tlie  General  Electric  (Thomson-Houston 
and  Edison)   and  the  Westinghouse  as  the  only  large 
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manufacturers.  Therefore,  the  following  description 
will  be  confined  largely  to  the  motors  of  the  four  earlier 
systems  and  the  two  later  ones. 

SPRAGl-LC   RAILW.'^Y   MOTOR 

The  Sprague  electric  railway  motor  system  of  1888 
to  1890  was  unquestionably  the  most  perfect  one  of  that 
time  from  the  standpoint  of  control  and  economy  of  op- 
eration. This  was  due  principally  to  certain  funda- 
mental features  of  design,  which  had  been  carried  to  the 
utmost.  This  motor  was  of  the  two-pole  type.  The 
armature  was  of  the  surface-wound  type  with  several 
layers  of  wire.  It  is  obvious  that  such  a  motor  was 
inherently  poorly  protected  and,  from  the  present  stand- 
pomt  would  be  considered  an  extremely  doubtful  piece 
of  mechanism  to  place  under  a  car.  However,  in  those 
days,  all  other  makes  of  motors  were  just  as  question- 
able and.  therefore,  this  motor  did  not  suffer  by  com- 
parison. 


The  interesting  feature  about  this  motor  was  in  the 
method  of  starting  and  speed  control.  The  field  struc- 
ture was  made  of  a  good  grade  of  wrought  iron  of  high 
magnetic  permeability.  The  field  coils  were  wound  in 
three  sections  of  different  sizes  of  wire  and  different 
numbers  of  turns  and  the  field  windings  were  so  pro- 
portioned that,  with  all  the  field  coils  in  series  at  start, 
a  heavy  torque  was  obtainable  with  a  very  small  start- 
ing current,  thus  avoiding  overheating  the  fields  without 
the  use  of  a  starting  rheostat.  However,  it  should  be 
said  that,  with  all  the  field  coils  in  series,  the  combined 
resistance  of  the  armature  and  field  was  sufficient  to  fix 
the  starting  current  at  a  relatively  small  value.  Fol- 
lowing the  series  starting  position,  by  series-paralleling 
of  the  field  coils,  various  combinations  of  speed  were 
obtainable  up  to  the  maximum  desired.  Here  was  a 
system  where  all  starting  and  controlling  was  done 
without  external  rheostats,  a  very  economical  method  of 
operation  and  one  which  has  possibly  not  been  exceeded 
in  any  of  the  later  commercial  direct-current  methods 
of  operation.  This  was  due  largely  to  the  relatively 
high  speed  of  the  armature  of  the  double  reduction  type 
and  to  the  fact  that  the  field  magnetic  flux  could  be 
worked  over  a  very  wide  range,  while  the  total  motor 
capacity  was  small  compared  with  modern  practice. 
These  favorable  conditions  disappeared  largely  in  the 
later,  lower  speed,  single  reduction  motors. 

While  this  early  Sprague  motor  was  a  very  fine  one 
from  the  viewpoint  of  economy  of  power  yet,  according 
to  the  writer's  exjierience,  it  did  not  have  the  rugged- 
ness  for  emergencies  found  in  some  of  its  competitors. 
The  very  element  which  made  it  so  economical,  namely, 
the  series-parallel  field  windings  and  the  absence  of  a 
rheostat,  made  it  more  delicate  in  emergency  conditions 
which  required  abnormal  currents  for  prolonged 
periods ;  such  as  pushing  snow  plows,  for  instance,  dur- 
ing severe  storms.  In  some  cases  the  Sprague  motor 
proved  very  inferior  to  some  of  its  competitors,  due  to 
overheating  when  running  at  low  speeds.  Nevertheless, 
with  all  of  its  weaknesses,  this  Sprague  double-reduc- 
tion motor  must  be  considered  as  the  high  class  one  of 
its  day. 

THE  THOMSON-HOUSTON    MOTOR 

In  general,  the  Thomson-Houston  motor  was  of  the 
same  general  type  as  the  Sprague.  The  magnet  core 
was  of  wrought  iron,  or  equivalent  material.  The 
armature  was  of  the  usual  surface-wound  type.  Un- 
like the  Sprague  motor,  speed  control  was  only  par- 
liall\-  olitained  by  varying  the  field  strength.  The  field 
was  wound  with  Idops  or  taps  brought  out  near  the 
middle  of  its  length.  For  starting  and  acceleration,  the 
full  field  winding  was  used  with  a  rheostat  in  series.  To 
accelerate,  the  rheostat  was  cut  out  gradually  and,  for 
still  higher  speed,  only  part  of  the  field  winding  was 
used,  the  other  part  remaining  idle.  Thus  there  was  no 
true  series-paralleling  of  the  field  windings.  This 
method  of  operation,  therefore,  was  less  economical 
than  the  Sprague  arrangement  but,  on  the  other  hand, 
the  proportions  of  the  fiekl  winding  and  the  rheostat 
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were  such  that  the  motor  could  stand  more  severe  con- 
ditions during  starting  and  acceleration.  The  field  mag- 
netic circuit  was  apparently  much  more  highly  satu- 
rated than  that  of  the  Sprague  motor,  resulting  in  a 
flatter  speed  curve.  In  consequence  this  motor  would 
run  somewhat  faster  than  the  Sprague  on  heavy  load, 
and  was  considered  by  many  operators  as  a  better  hill 
climber,  simply  because  it  ran  faster  up  hill.  Due  to 
its  lower  saturation,  the  Sprague  motor  tended  to  drop 
off  very  considerably  in  speed  on  heavy  grades  and  this 
was  considered  an  evidence  of  weakness,  that  is,  of 
lack  of  power;  whereas,  in  fact,  it  was  a  real  merit  in 
those  days  of  limited  power  supply.  The  range  of  cur- 
rent taken  by  this  Thomson-Houston  motor,  due  to  its 
flatter  speed  characteristics,  was  apparently  consider- 
ably greater  than  that  of  other  types  of  railway  motors. 
The  commutation  on  this  motor  was  apparently  very 
good  compared  with  the  Sprague  motor.  In  fact,  the 
latter,  according  to  the  writer's  experience,  appeared  to 
be  one  of  the  poorest  commutating  motors  on  the 
market.  Nevertheless,  due  to  its  special  method  of 
control  and  the  consequent  smaller  currents  required. 
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this  poorer  commutation  did  not  seem  to  have  as  harm- 
ful efi^ects  as  one  would  infer  from  looking  at  it.  In 
other  words,  the  commutator  of  the  Sprague  motor  had 
about  as  good  life  as  any  of  the  others. 

One  thing  diat  counted  against  good  commutation 
on  these  early  motors  was  the  extremely  heavy  mica  be- 
tween commutator  bars.  One-sixteenth  inch  mica  was 
not  at  all  uncommon  on  such  motors  and  when  trouble 
developed  at  the  commutator,  there  was  frequently  a 
cry  for  thicker  mica  and,  as  a  consequence,  the  thicker 
the  mica  the  greater  the  trouble.  This  persisted  up  into 
the  later  motor  practice  and  was  a  source  of  much 
trouble  for  several  years. 

THE  SHORT  MOTOR 

In  construction,  the  Short  railway  motor  was  a 
close  relative  of  the  Brush  arc  machine,  that  is,  its  mag- 
netic circuit  and  other  parts  were  arranged  very  simi- 
larly to  that  of  the  arc  machine.  A  disc  armature  was 
used  with  pole  faces  presented  at  the  sides  of  the  arma- 
ture. The  early  machines  were  of  a  two-pole  type  and 
later  this  general  construction  was  developed  in  four 
poles  in  connection  with  later  Short  systems.  The 
armature  of  this  Short  motor  was  of  a  toothed  type. 


this  also  being  apparently  a  development  from  the 
Brush  arc  machine.  It  is  questionable  whether  the 
teeth  on  this  armature  were  proportioned  for  magnetic 
purposes  or  for  mechanical.  The  teeth  were  few  in 
number  and  the  slots  between  were  quite  wide.  Mag- 
netically the  arrangement  might  be  considered  as  some 
improvement  over  the  surface-wound  type,  but  the  pro- 
portions were  not  such  as  would  be  considered  effective, 
even  in  the  true  slotted  types  of  armatures  which  fol- 
lowed two  or  three  years  later. 

This  Short  type  railway  motor  contained  a  number 
of  more  or  less  fundamental  defects,  which  in  the  end 
were  sufficient  to  rule  out  the  type.  In  the  first  place, 
due  to  the  disc  type  of  construction  and  side  poles,  there 
was  a  tendency  for  strong  unbalanced  side  pull  between 
the  armature  and  the  pole  pieces,  and  strong  thrust 
collars  were  necessary  to  overcome  this.  On  account 
of  this  arrangement  no  end  play  was  permissible,  as  in 
ordinary  railway  motors.  In  the  second  place,  the 
method  of  connection  between  the  commutator  and 
armature  winding  was  a  very  awkward  one,  since  the 
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armature  leads  had  to  be  carried  radially  to  the  shaft 
and  then  along  the  shaft  to  the  commutator.  In  the 
third  place,  with  this  general  construction,  a  non-mag- 
netic spider  had  to  be  used  as  a  rule.  This  meant  a 
construction  which  was  not  as  solid  or  as  durable  as 
was  obtainable  with  the  cylindrical  drum  type  of  arma- 
ture with  the  laminations  pressed  directly  on  the  shaft 
or  upon  a  cylindrical  supporting  spider. 

Even  with  all  these  defects  this  type  of  machine 
was  continued  for  several  years  and  was  carried  into 
the  single  reduction  type  and  into  the  gearless,  v;hen 
the  construction  was  somewhat  simplified  by  the  use  of 
four  and  six  poles  respectively.  However,  the  type  was 
destined  to  disappear  due  to  fundamental  defects,  and 
apparently  only  the  persistency  of  Professor  Short,  who 
originated  it,  kept  it  going  as  long  as  it  did.  Eventually 
Professor  Short  himself  abandoned  the  type,  when  he 
put  out  the  Walker  motor,  whicli  will  be  mentioned 
later. 

WESTINGHOUSE   MOTOR 

The  remaining  double-reduction  motor,  which 
made  any  considerable  impression  on  the  railway  field, 
was  the  Westinghouse.  This  was  brought  out  in  the 
Spring  of    1890,   somewhat   later   than   the   other   sys- 


terns  mentioned.  In  general  type,  this  motor  was  quite 
similar  to  the  Sprague  and  the  Thomson-Houston. 
However,  the  field  core  was  of  cast  iron  and  the  motor 
was,  therefore,  somewhat  heavier  than  its  competitors. 
The  armature  was  surface-wound  and  similar  to  al- 
most all  railway  motors  of  that  time.  The  field  wind- 
ing was  arranged  in  two  coils  without  metal  "bobbins", 
with  different  sizes  of  wire  and  different  numbers  of 
turns.  For  starting,  all  field  windings  were  in  series 
and  the  rheostat  was  connected  in  series.  For  higher 
speed  the  smaller  winding  was  cut  out.  Obviously,  this 
arrangement  was  electrically  very  similar  to  the 
Thomson-Houston. 

The  principal  differences  were  in  details  of  the  me- 
chanical construction.  The  fields  were  hinged  to  the 
supporting  yoke  in  such  a  way  that  they  could  swing 
back  to  give  more  easy  access  to  the  armature.  Also 
the  gears  were  enclosed  in  gear  cases  which  were  filled 
with  luliricating  grease.     The  purpose  was  to  overcome 
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the  very  objectionable  noises  of  the  double  reduction 
gtars.  Anyone  who  is  familiar  only  with  the  present 
gear  noises  from  traction  motors  can  have  no  com- 
prehension of  the  fearful  racket  some  of  the  double- 
reduction  equipments  made,  especially  after  the  gears 
had  worn  badly.  At  night,  when  other  noises  had 
ceased  to  a  great  extent,  the  electric  cars  could  be  heard, 
in  some  cases,  at  a  distance  of  one  to  two  miles. 

On  many  of  the  early  double-reduction  equipments 
cast  iron  gears  were  used  and,  as  a  consequence,  stripped 
gears  were  not  uncommon.  In  those  days  cars  were 
operated  under  conditions  which  no  one  would  dream 
of  attempting  in  these  times.  In  one  case,  in  the 
writer's  experience,  a  track  was  being  repaired  in  a 
certain  part  of  Allegheny  City  and  the  only  way  to  get 
around  it  was  to  run  up  a  parallel  street  and  part  way 
over  a  cross  street  to  the  end  of  the  track,  which  was 
about  thirty  feet  from  the  original  track.  This  interven- 
ing section,  paved  with  rough  cobble  stones,  was  over- 
come by  getting  the  car  up  to  considerable  speed  and 
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running  across  the  space  by  means  of  inertia.  If  the  car 
did  not  get  across,  then  a  long  wire  was  carried  from  the 
controller  on  the  car  back  to  the  end  of  the  track  and 
thus  a  "ground"  was  obtained  for  covering  the  rest  of  . 
the  way.     In  one  instance,  a  car  was  stalled  in  this  sec- 
tion and  the  motorman  left  his  controller  on  "full"  posi- 
tion while  he  carried  his  conducting  wire  back  to  the  , 
end  of  the  track.     Upon  touching  the  rail,  the  car  did  j 
not  move  out  of  its  steps,  so  to  speak,  but  simply  gave  a 
jerk  and  the  gears  were  stripped. 

The  Westinghouse  double-reduction  motor  was 
made  of  cast  iron,  but  its  operating  characteristics  were 
quite  comparable  with  the  other  systems,  except  the 
Sprague.  However,  although  a  considerable  number 
of  these  motors  were  put  out  in  1890,  the  writer,  along 
with  certain  other  engineers  of  that  time,  did  not  be- 
lieve that  any  one  of  the  then  existing  railway  systems 
was  final,  due  primarily  to  the  fact  that  the  motors  were^ 
too  susceptible  to  injury,  not  being  sufficiently  protected 
in  view  of  their  location  under  the  car.  It  was  be- 
lieved that  it  was  merely  a  question  of  time  when  all 
such  motors  would  have  to  be  rebuilt.  The  first  West-  ^ 
inghouse  motor  was  put  in  service  in  Allegheny,  Pa., 
on  July  3,  1890.  This  date  is  given  to  indicate  the  short 
time  which  elapsed  before  the  writer,  who  had  been 
instrumental  in  getting  out  this  Westinghouse  system, 
undertook  to  get  out  a  radically  different  system  to  su- 
persede it.  . 

GENERAL  TREND  OF  DEVELOPMENT 

The  above  brings  us  up  to  the  period  when  the 
single  reduction  motor  was  developed.  The  double  re-  ^ 
duction  motor  very  quickly  disappeared  from  the 
market  after  the  single-reduction  arrived,  but  it  must 
be  said  that  the  double-reduction  motor,  and  the  early 
iw  system  as  a  whole,  left  its  impress  on  the  future  de- 

1^  velopment.     There  were  several   features  in  this  earl\' 

»»'  development  which   survive  even  to  the  present  time, 

such  as  the  use  of  carbon  brushes,  series  wound  motors, 
motors  suspended  from  the  axles  and  geared  to  them, 
enclosing  gear  cases  with  grease  lubrication,  mummi- 
fied field  coils,  under-running  trolley,  platform  con- 
trollers, etc.  The  fact  that  a  number  of  these  features 
have  survived  in  very  much  their  original  form  indi- 
cates that  they  were  fundamental  in  their  nature.  The 
early  designers  of  such  systems  must  be  given  credit 
for  a  quite  comprehensive  knowledge  of  the  real  prob- 
lem of  electric  traction.  Their  short-comings  were 
more  in  their  inability  to  constnict,  than  in  their  lack  of 
knowledge  of  the  correct  principles. 

Those  early  days  were  times  of  experimentation 
by  the  operators  as  well  as  the  manufacturers  and  it  was 
not  an  unusual  thing  for  a  small  electric  system  to  have 
two  or  three  different  types  of  equipment  and,  in  one 
case  in  a  small  system  near  Pittsburgh  having  seven 
cars  total,  there  were  five  different  kinds  of  equip- 
ment at  one  time.  Furthermore,  the  operator  was 
rather  proud  of  the  situation.  In  this  early  work 
there  were  a  number  of  points  which  were  taken  very 
seriously  in  those  days,  but  which,  from  the  present 
viewpoint,  are  rather  amusing. 
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For  example:  The  earth  was  considered  as  being 
of  negative  potential  and,  therefore,  many  engineers  (or 
50-called  engineers)  held  the  opinion  that  the  positive 
(terminal  of  the  motor  could  not  be  connected  with 
safety  to  the  ground  side  as  there  was  danger  of  a  short- 
■circuit.  The  writer  spent  many  weary  hours  attempt- 
ing to  show  some  people  the  absurdity  of  this  opinion, 
l>ut,  generally,  without  success. 

Also  another  subject  on  which  there  was  consid- 
erable controvers}'  was  that  of  large-diameter  vs.  small- 
diameter  armatures.  Many  people  contended  that  even 
with  the  same  horse-power  and  speed  a  large  diameter 
armature  necessarily  gave  more  tractive  effort  than  a 
smaller  diameter. 

There  was  also  much  discussion  concerning  the 
speed  and  jjower  characteristics  of  the  various  motors. 
Certain  makes  of  motors  ran  faster  up  hill  than  others. 
The  Sprague  motor,  for  instance,  was  a  slow  hill 
climber ;  on  the  other  hand,  the  Thomson-Houston 
double-reduction  motor  was  a  fast  hill  climber  and  the 
Westinghouse  was  in  between.  As  a  rule,  most  people 
lielieved  that  the  Thomson-Houston  motor  was,  there- 
fore, a  more  powerful  one  than  either  of  its  competi- 
tors. The  writer  had  quite  frequent  contentions  that 
the  Sprague  type  of  motor,  with  its  drooping  speed 
characteristics  was  more  nearly  ideal  for  railway  work 
than  the  Thomson-Houston  with  its  flatter  speed  curve. 
His  claim  was  that  the  drooping  speed  characteristics 
called  for  a  more  uniform  and  a  lower  average  current 
from  the  generating  system  and,  therefore,  required 
less  generating  plant.  He  contended  that  the  place  to 
make  speed  was  on  the  level  and  not  on  the  hills.  Ap- 
parently this  argument  has  never  been  definitely  decided 
in  favor  of  either  viewpoint,  but  today  it  is  generally 
recognized  that  the  steeper  speed  characteristic  is  a 
more  economical  one  as  far  as  the  generating  or  trans- 
mission system  is  concerned. 

In  comparing  the  merits  of  these  early  types  of 
motors,  a  not  unusual  test  was  to  couple  cars  with  two 
different  makes  of  equipments,  end  to  end  and  then  de- 
teitnine  which  could  outpull  the  other,  starting  from 
"rest."  Of  course,  a  good  deal  depended  upon  the 
skill  of  the  motormen,  but  in  man)'  cases  those  motors 
•\\ith  drooping  speed  characteristics  had  the  advantage 
itnd,  therefore,,  according  to  this  test,  were  more  power- 
ful, although  when  it  came  to  climbing  hills  they  were 
supposed  to  be  less  powerful.  Here  was  a  contradic- 
tion which  puzzled  a  great  many  people. 

One  interesting  feature  in  connection  with  the 
early  motors  may  be  dwelt  on  more  extensively,  namely, 
the  use  of  the  series  motor.  Very  earl)-  in  the  develop- 
ment, shunt  motors  were  tried  but  it  was  soon  recog- 
nized that  they  did  not  meet  practical  conditions,  and 
the  series  motor  was  adopted  exclusively.  However, 
in  the  use  of  the  series  motor  itself  there  were  certain 
differences  in  practice.  For  instance,  most  of  tfie  rail- 
way .systems  paralleled  the  field  windings  and  the 
armatures,  independently.  For  reversing  it  was  neces- 
sary to  bring  out  leads  between  each  armature  and  its 


field  windings  and  the  field  windings  of  the  different 
motors  were  permanently  paralleled  with  each  other.  ' 
The  same  was  true  of  the  armatures.  Then  by  means 
of  one  reversing  switch  all  the  armatures,  or  all  the 
fields,  could  be  reversed.  In  the  Thomson-Houston 
.system,  however,  the  different  field  coils  and  armatures 
were  not  paralleled  with  each  other,  but  separate  re- 
versing switches  were  supplied  for  each  motor.  Ob- 
viously this  required  more  wiring  and  reversing 
switches  than  the  other  systems  and  was  a  subject  of 
much  criticism.  Rut,  this  arrangement  was  funda- 
mentally correct,  and  has  come  down  to  the  present 
day.  The  other  methods,  with  paralleled  field  coils, 
were  subject  to  the  ditticulty  that  there  could  be  greatly 
unbalanced  currents  in  the  armatures,  where  the  mag- 
netic tlelds  were  not  of  equal  strength ;  whereas,  with 
the  Thomson-Houston  motors  there  could  only  be  un- 
balanced currents  between  the  motors  as  a  whole  and 
not  between  individual  armatures,  and  any  unbalance  in 
the  current  in  the  field  coils  tended  automatically  to 
correct  the  difficulty. 

In  the  double-reduction  motors,  with  their  exces- 
sively large  air-gaps  compared  with  later  practice,  dif- 
ferences in  the  magnetic  properties  of  the  materials  did 
not  count  for  much  because  such  a  large  percentage  of 
the  field  magnetizing  force  was  expended  in  the  air- 
gaps.  However,  when  it  came  to  the  later  single-re- 
duction motors,  with  their  smaller  air-gaps  and  higher 
saturation  in  the  cores,  the  fallacy  in  the  parallel  ar- 
rangement of  the  field  coils  began  to  show  up  quite 
early. 

SINGLE  REDUCTION   MOTORS 

In  August  I  Sep,  the  writer  began  work  on  a  radi- 
cally new  type  of  railway  motor  of  only  about  one-third 
the  speed  of  the  ordinary  motor,  with  a  view  to  using 
only  one  gear  reduction  between  the  armature  and  axle. 
In  going  into  this  matter  from  the  electrical  and  mag- 
netic standpoint,  it  soon  developed  that  the  surface- 
wound  type  of  armature  was  impracticable.  Further- 
more, it  became  evident  that  a  cylindrical  type  of  field 
construction  with  inwardly  projecting  poles,  such  as 
was  common  in  alternators  in  those  days,  would  fur- 
nish magnetic  conditions  much  better  than  any  previous 
type,  provided  more  than  izvo  poles  were  used.  The 
writer  then  laid  out  a  four-pole  field  construction  with 
radial  poles  and  external  cylindrical  type  yoke,  and 
with  a  slotted  type  of  armature.  It  was  at  once  obvious 
that  such  type  of  machine  was  inherently  better  pro- 
tected than  the  ordinary  construction,  due  to  the  ex- 
ternal )'oke.  However,  in  this  general  construction  one 
serious  stumbling  block  appeared,  namely,  the  fact  that 
for  accessibility  only  two  sets  of  brushes  were  desirable 
with  a  four-pole  armature.  This  appeared  to  be  quite 
a  problem,  for  apparently  the  only  known  solution  was 
in  cross-connecting  the  commutator  at  every  bar,  which 
was  at  that  time  a  fairly  well-known  construction. 
This  construction,  however,  appeared  to  the  writer  to  be 
prohibitive  and  he,  therefore,  set  out  to  devise  some 
other  arrangement,  and  in  doing  so  developed  the  now 


THE  ELECTRIC  JOURNAL 


413 


well  known  two-circuit  or  series  type  of  winding  for 
"drum"  armatures.  A  great  deal  of  criticism  appeared 
in  connection  with  this  winding,  but  the  writer  was 
nevertheless  sure  of  the  principle  and  felt  contident  that 
it  was  a  correct  solution  of  the  problem,  and  his  con- 
fidence was  sufficient  to  carry  it  through  to  a  test.  Two 
trial  motors  w^ere  built  of  this  general  construction,  in 
the  Fall  of  1890.  In  these  two  early  motors  the  lower 
half  of  the  field  yoke,  or  frame,  was  carried  out  and 
upward,  forming  housings  which  enclosed  the  lower 
half  of  the  field  winding  and  shielded  the  armature 
from  injury  from  below.  The  two  brush  arms  were 
placed  on  the  upper  quadrants  of  the  armature,  making 
them  more  accessible. 

The  armatures  of  these  tzvo  motors  were  of  the 
slotted  type,  with  ninety-five  slots  (one  less  than  a  mul- 
tiple of  the  number  of  poles,  on  account  of  the  two-cir- 
cuit winding).  At  first,  attempts  were  made  to  wind 
these  armatures  by  hand,  but  it  was  quickly  recognized 
that  this  would  be  a  rather  doubtful  construction  and 
the  writer  proposed  machine  wound  coils  which  were 

J_ 


FlC.    5 — DIAGRAM    OF  WENSTROM    MOTOR — iSqO 

at  once  made  up  and  tried  on  the  cores.  Various  modi- 
fications were  tried  on  these  first  sets  of  coils  and  one 
attempt  was  made  to  shape  the  coils  in  such  a  manner 
that  they  would  all  be  exact  duplicates  and  could  be 
placed  symmetrically  on  the  armature,  in  two  layers  in 
the  slots,  one-half  of  each  coil  being  in  the  lower  layer, 
the  other  half  on  top,  just  as  in  modern  railway  arma- 
tures. We  succeeded  in  getting  about  two-thirds  of 
the  winding  in  place  in  this  manner,  but  then  the  end 
parts  began  to  interfere  so  that  we  failed  in  gettinf?;  the 
other  one-third  in  i)lace,  and  this  experiment  was  tem- 
porarily given  up.  It  developed  later  that  a  little  more 
knowledge  of  the  correct  shape  of  the  coil  would  have 
allowed  a  successful  construction  of  this  t}'pe,  and  thus 
one  of  the  big  steps  in  the  later  development  would 
have  been  anticipated.  However,  after  several  weeks 
of  experimenting,  it  was  decided  to  put  the  machine 
wound  coils  on  in  two  layers,  hammering  down  the  ends 
of  the  first  layer  in  order  to  obtain  end  space  for  the 
second.  W  ith  this  arrangement,  machine-wound  coils 
were  used  successfully  and  the  first  two  armatures  were 
then  wound  in  this  manner,  the  \\-riter  personally  wind- 
ing one  of  them,  although  not  an  experienced  winder. 

The  first  completed  machine  was  put  on  test  and 
at  the  first  trial,  for  a  wonder,  it  started  off  and  per- 
formed admirably  over  the  \vhole  range  for  which  it 


was  designed.  The  commutation  was  very  good — un- 
expectedly so — as  this  was  one  of  the  points  where 
trouble  was  feared.  The  two-circuit  type  of  winding 
functioned  as  expected.  By  good  fortune,  one  big  de- 
parture from  previous  practice  proved  to  be  a  stepping- 
stone  to  later  work,  namely,  in  these  first  machines  the 
mica  between  commutator  bars  had  been  made  only 
1-32  in.  thick;  whereas,  in  double-reduction  types  of 
motors  1-16  in.  mica  was  common  practice.  This  "thin" 
mica,  however,  was  objected  to  so  seriously  by  almost 
everybody  interested,  that  on  the  following  motors  it 
was  changed  to  practically  double  thickness,  but  with 
disastrous  results,  as  will  be  described  later.  This  first 
Westinghouse  single-reduction  motor  was  tested  in  the 
Fall  of  1890,  but  was  not  considered  quite  read}'  for 
the  market  from  the  manufacturing  standpoint,  al- 
though in  its  electrical  characteristics  it  had  proven  en- 
tirely satisfactory.  It  was  decided  to  improve  the  mo- 
tor bv  hinging  the  two  halves  of  the  cylindrical  field  to 
a  sui^porting  frame  which  carried  the  armature  and 
axle  bearings.  It  was  also  decided  to  enclose  more 
completely  the  lower  half  of  the  frame  so  that  the  arma- 
ture and  field  would  be  protected  from  below.  The  mo- 
tor was  considered  to  be  a  ^■ery  radical  step,  and  it  was 
thought  advisable  to  take  ample  time  in  getting  it  ready 
for  the  market. 

THE  WENSTROM    MOTOR  , 

Meanwhile,  during  this  development,  a  situation 
arose  which  materially  hurried  up  the  work.  The  Wen- 
strom  Company  came  out  with  a  single-reduction  motor 
which  was  heralded  as  being  revolutionary  in  character. 
This  motor  was  of  the  four-pole  type  with  two  salient 
and  two  consequent  poles.  The  armature  was  of  a 
four-pole  type.  The  armature  winding  was  imbedded 
in  holes  or  tunnels  below  the  surface  of  the  core.  This 
armature  was,  therefore,  one  form  of  the  slotted  type. 
This  machine  created  such  interest  that  it  was  imme- 
diately decided  to  rush  the  completion  of  the  Westing- 
house  motor  for  the  next  Spring  trade,  whei'eas,  the 
former  intention  had  been  to  continue  the  double-re- 
duction motor  for  sometime  to  come.  Moreover,  the 
appearance  of  this  \\'enstrom  motor  immediately 
hurried  all  other  motor  manufacturers  in  their  develop- 
ment of  single-reduction  motors.  Apparently  a  number 
of  them  had  already  been  working  on  this  line,  for  their 
new  single-reduction  motors  appeared  so  quickly  on  the 
market,  that  there  was  good  reason  to  believe  that  they 
had  already  partly  developed  the  machines  I)efore  the 
demand  came.  Some  of  these  motors  were  put  on  the 
market  before  they  were  properh-  developed  and  they 
proved  to  be  merely  makeshifts  to  be  superseded  soon 
bv  radically  difterent  types.  This  Wenstrom  motor  did 
not  persist  as  it  apparently  contained  certain  defects 
which  put  it  "out  of  the  running"  before  it  had  gotten 
very  far.  It,  however,  hurried  the  situation  \evy  ma- 
terially. 

WESTIXGITOUSE    NO.    3    jrOTOR 

The  commercial  single-reduction  motor,  which  the 
A\'estinghouse  Companv  put  rmt  in  the  Spring  of  1891 
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was  simply  a  further  development  of  the  experimental 
Westinghouse  four-pole  single-reduction  motor  already 
described.  This  motor  immediately  "took"  and  a  very 
large  number  (for  those  times)  was  sold  the  first  sea- 
son. In  fact  the  demand  for  this  motor  was  so  pro- 
nounced that  the  company  could  not  dispose  of  all  of 
the  double-reduction  motors  on  hand  partly  or  wholly 
completed. 

This  No.  3  motor  might  be  called  the  progenitor  of 
the  present  practically  universal  type  of  direct-current 
railway  motor.  It  contained  a  fairly  large  number  of 
the  fundamental  features  found  in  the  present  motors. 
Some  of  these  may  be  classified  as  follows : — 

I — Four-pole  field   construction   with   internal   radial   poles. 

2 — Symmetrical  flux  distribution,  thus  improving  com- 
mutation. 

3 — Four  coils  all  similar  in  size  and  shape. 

4 — Field  coils  without  bobbins  or  supports,  each  coil  being 
wound  on  a  form  and  afterwards  insulated. 

5 — Electrical  parts  naturally  protected  from  below  by  the 
iron-clad  construction  of  the  magnetic  circuit  and  frame. 

6 — Four-pole  slotted  drum  type  armature  with  open  slots. 

7 — Machine  wound  armature  coils,  insulated  before  being 
placed  on  core. 

8 — Two-circuit  or  series  direct-current  armature  winding, 
which  is  in  almost  universal  use  at  present  for  railway 
work. 

9 — Saturated  pole  tips. 

In  addition  the  first  motors  built  had  1-32  in.  mica, 
which  is  now  a  standard  for  such  work.  However,  on 
later  No.  3  motors,  the  mica  was  changed  to  practically 
double  this  thickness,  on  account  of  the  general  in- 
sistence that  1-32  in.  mica  was  utterly  impracticable 
from  the  commercial  standpoint.  Iir  the  early  days  of 
the  railwa}-  motor,  thick  mica  was  supposed  to  be  the 
"cure-all"  for  all  flashing  troubles.  If  the  mica  did  not 
wear  fast  enough,  and  lifted  ofif  the  brushes,  the  ma- 
chine sooner  or  later  would  spark  and  flash  badly.  The 
cry  would  be  for  more  mica  and,  in  some  cases,  thick- 
nesses of  as  much  as  1-8  in.  were  used,  but  without  ad- 
vantage as  far  as  the  writer  could  see,  but  the  claim  was 
made  that  the  trade  absolutely  required  such  mica. 

The  writer  and  his  associates  yielded  to  this  de- 
mand, with  unfortunate  results.  The  motors  with 
thicker  mica  soon  developed  blackening  and  burning  at 
the  commutators,  and  the  only  direct  remedy  found  for 
this  was  undercutting  the  mica.  This  was  practiced  on 
a  number  of  the  first  motors  put  out,  but  was  considered 
such  an  impossible  practice  that  it  was  evident  that  some 
other  remedy  was  necessary.  Meanwhile  the  first  two 
experimental  motors  had  been  running  in  regular  ser- 
vice on  the  Second  Avenue  Line  in  Pittsburgh,  and  had 
developed  no  trouble  whatever  from  commutator  black- 
ening or  burning.  After  an  exhaustive  investigation  of 
the  conditions,  the  writer  recommended  going  back  to 
the  1-32  in.  mica,  regardless  of  any  demands  to  the  con- 
trary. A  large  nutnber  of  the  commutators  with  thick 
mica  were  then  replaced  with  this  thinner  mica  and  the 
results  were  soon  apparent  in  the  fact  that  undercutting 
was  unnecessary.  This  was  conclusive  proof  that  the 
thinner  mica  was  a  solution  of  the  problem.  However, 
it  must  be  borne  in  mind  that  even  the  1-32  in.  mica  of 
that  early  date  (1891),  was  inferior  to  modern  mica  in 
wearing  characteristics,  as  it  was  simply  punched  out  of 


solid  mica,  the  only  sub-division  being  the  splitting  up 
of  the  mica  segments  into  thin  sheets  and  then  assemb- 
ling again  in  exactly  the  same  form.  "Micanite"  or 
built-up  mica  did  not  appear  until  some  time  after  this. 
This  No.  3  motor  was  very  heavy  for  several  rea- 
sons. It  had  a  cast  iron  magnetic  circuit,  it  had  a  rela- 
tively low  gear  ratio  compared  with  later  practice,  as  it 
used  an  eighteen  tooth  pinion  and  a  sixty-four  tooth 
gear.  In  service,  one  difficulty  soon  showed  itself, 
which  had  not  been  noticed  in  the  corresponding  double- 
reduction  motors,  namely,  a  very  decided  tendency  to 
unbalance,  in  the  armature  currents  of  the  two  motors 
on  a  car.  It  was  soon  found  that  this  was  due  to  un- 
equal counter-e.m.f.'s  due  to  inequalities  in  field  ma- 
terial, slight  differences  in  manufacture,  etc.  On  ac- 
count of  the  relatively  small  air-gap,  errors  in  manu- 
facture produced  an  exaggerated  effect.  However,  this 
difficulty  was  overcome  by  adjusting  the  air-gaps  of  the 
motors.  It  happened  that  this  could  be  easily  done  bv 
mean,s  of  the  two  hinged  halves  of  the  fields.  This  ar- 
rangement permitted  the  motor  to  be  opened  slightly 


FIG.    6 — WESTINGHOUSE    NO.    3    MOTOR — I 


at  the  two  opposite  joints,  so  that  sheet  iron  liners  of 
suitable  thickness  could  be  inserted  in  the  joints  of  one 
motor  until  a  suitable  balance  in  the  currents  was  ob- 
tained. It  so  happened  that  the  Westinghouse  Com- 
pany had  on  hand  a  large  stock  of  small  compact  am- 
meters built  for  the  Waterhouse  arc  system,  which  had 
practically  become  obsolete.  Little  testing  sets  were 
made,  using  two  of  these  ammeters  mounted  on  a  sup- 
porting base.  These  were  furnished  to  the  customers 
for  use  in  balancing  their  car  motors.  Later  the  straight 
series  arrangement  of  armature  and  fields  was  adopted 
and  this  unbalancing  trouble  was  thereafter  negligible. 

When  the  single-reduction  motors  first  came  in, 
one  of  the  subjects  for  frequent  argument  was  in  re- 
gard to  the  torque  which  such  motors  could  develop. 
Many  people  claimed  that  inherently  the  single-reduc- 
tion motor  could  not  pull  a  car  as  well  as  the  double- 
reduction,  even  at  the  same  horse-power  rating,  when 
developing  the  same  car  speed.  This  even  went  so  far 
as  to  result  in  competitive  tests.  In  one  case  m  the 
writer's  experience,  a  competitive  test  was  run,  about 
1 89 1,  on  the  Second  Avenue  Railway  under  the  im- 
pression that  such  a  test  would  prove  conclusively  that 
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the  single-reduction  motors  did  not  have  the  required 
torque,  and,  therefore,  would  take  enormous  currents 
compared  with  the  double-reduction.  Local  represen- 
tatives of  the  Thomson-Houston  Company  agreed  to, 
and  took  part  in,  this  test,  but  apparently  without  any 
definite  opinions  as  to  which  equipment  would  make 
the  better  showing.  The  test  was  continued  during  the 
greater  part  of  one  day,  several  round  trips  being  taken 
over  the  whole  length  of  the  system,  and  current  and 
voltage  readings  were  taken  at  ten  second  intervals. 
An  interesting  result,  noticeable  during  the  progress  of 
the  test,  was  that  the  W'estinghouse  equipment  seldom 
took  less  than  25  to  30  amperes  when  running  light  and 
seldom  above  60  to  70  amperes  under  the  heaviest  con- 
ditions; whereas,  the  Thomson-Houston  equipment  at 
times  took  as  low  as  10  amperes  and  at  other  times  up 
to  100  amperes.  This  was  just  what  the  writer  ex- 
pected, from  his  knowledge  of  the  speed  characteristics 
of  the  two  machines,  and  he  did  not  consider  that  the 
tests  proved  anything  more  than  the  general  characteris- 
tics  of   the   two  machines   would   indicate.     However, 
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FIG.    7— THOMSON-HOUSTON   SINGLE  REDUCTION    MOTOR— 189I 


most  of  those  present  compared  the  maximum  currents 
taken  by  the  two  equipments  and  drew  the  conclusion 
at  once  that  the  single-reduction  was  more  economical. 
The  writer,  however,  did  not  consider  this  a  just  com- 
parison and  took  the  trouble  to  carefully  analyze  the 
whole  set  of  readings  and  found  that  the  total  power 
consumptions  for  the  two  equipments  were  so  nearly 
equal  that  differences  in  the  motormen's  method  of  op^ 
eration  could  easily  account  for  any  discrepancies.  As 
a  result  of  this  test  many  people  who  heard  of  it  revised 
their  opinions  of  the  pulling  characteristics  of  the 
single-reduction  equipment. 

THOMSON-HOUSTON   SINGLE-REDUCTION   MOTOR    (S.   R.   G.) 

This  was  one  of  the  motors  which  was  rushed  on 
the  market  shortly  after  the  W'enstrom  motor  appeared. 
It  was  a  two-pole  machine.  The  magnetic  core  was 
made  of  wrought  iron  in  order  to  keep  down  the 
weight.  The  armature  of  this  machine,  according  to 
the  writer's  memory,  was  of  the  ring  type.     From  the 


electrical  standpoint  this  motor  was  no  improvement 
over  the  old  double-reduction,  and  the  ring  armature 
in  reality  proved  to  be  much  poorer  than  the  drum 
type  used  on  the  Thomson-Houston  double-reduction 
motors.  In  fact,  the  only  real  merit  of  this  machine 
was  in  its  lower  speed,  thus  allowing  single-reduction 
gears.  An  attempt  was  made  to  protect  this  machine 
by  an  encasing  or  protecting  sheet  metal  pan  under- 
neath. This  pan  was  to  a  certain  extent  effective,  but 
unless  rigidly  supported  it  made  very  noticeable  noise, 
due  to  vibration. 

W.   p.   MOTOR 

It  was  soon  recognized  that  the  S.  R.  G.  motor  was 
not  a  permanent  one,  so  that  very  soon  a  new  type  was 
gotten  out,  namely,  the  "W.  P."  (weather-proof).  This 
was  an  enclosed  motor  and  it  was,  from  the  electrical 
and  magnetic  standpoint,  of  a  very  peculiar  design. 
There  was  but  one  field  coil,  placed  above  the  arma- 
ture. The  armature  itself  was  of  very  large  diameter 
and  weight  and  of  the  slotted  type,  with  partially  closed 
slots  and  the  winding  was  of  the  ring  type.  The  wind- 
ing consisted  of  a  copper  ribbon  threaded  through  the 
openings  at  the  top  of  the  slots  and  was  wound  in  place 
by  hand.  On  account  of  the  magnetic  arrangement,  a 
non-magnetic  spider  was  necessary.  Also  on  account 
of  there  being  only  one  magnetizing  coil  there  was 
some  stray  field  out  through  the  shaft  and  bearings. 
This,  of  course,  was  minimized  to  a  great  extent  by  the 
non-magnetic  spider.  Possibly  one  of  the  worst  fea- 
tures in  this  W.  P.  motor  was  the  unsymmetrical  com- 
mutating  zone.  Due  to  the  type  of  the  magnetic  cir- 
cuit, the  flux  distributions  were  not  symmetrical  under 
the  two  poles.  Furthermore,  the  armature  reaction 
tended  to  distort  the  field  quite  seriously,  thus  affecting 
the  commutating  conditions.  Very  heavy  mica  was 
used  in  commutator  and  sparking  was  so  bad  that  the 
life  of  commutator,  in  many  cases,  was  only  a  few 
months.  The  armature  leads  had  "eye"  terminals  to 
permit  easy  change  of  commutators. 

In  order  to  keep  down  the  weight,  this  W.  P.  mo- 
tor was  either  made  of  steel  or  an  iron-aluminum  alloy 
of  good  magnetic  properties.  This  motor  survived  for 
a  number  of  years,  but  due  to  inherent  defects  in  its 
characteristics  and  construction  it  was  doomed  to 
eventual  obsolescence.  The  ring  type  of  armature  and 
the  unsymmetrical  flux  distributions  were  two  condi- 
tions sufficient  to  condemn  this  machine,  from  the  pres- 
ent viewpoint.  However,  it  must  be  borne  in  mind  that 
in  those  days  certain  features  were  considered  very 
meritorious  which  now  would  be  looked  upon  as  pro- 
hibitive, the  ring  type  of  armature  being  one  example. 
This  W.  P.  motor  had  its  place  in  the  ultimate  develop- 
ment of  railway  apparatus  regardless  of  the  fact  that  it 
did  not  survive. 

(To  be  continued) 
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THE  cases  of  design  uullined  in  section  X  can  be 
carried  out  in  detail  for  various  types  of  trans- 
formers. The  treatment  here  given  is  not  com- 
plete and  is  intended  to  be  more  of  a  suggestion  than 
of  an  exhaustive  nature.  For  the  sake  of  simplicity  it 
is  limited  as  follows: — 

I — Simple  slicll  and  core  types  with   rectangular  iron  and 

copper  sections. 
2 — Unwidcned  magnetic  circnit. 
3 — Copper  uniformly  distributed  over  the  winding  space. 

The  last  assumption  is  approximately  true  only,  as 
in  reality  there  are  tixed  insulation  clearances,  depend- 
ing on  the  \(illage  between  the  windings  and  the  iron 
which  influence  the  design  to  a  considerable  extent;  par- 
ticularly for  the  higher  voltages. 

CAPACITY   CONSTANT 

The  most  obvious  point  from  which  to  start  the 
design  of  a  transformer  is  to  determine  the  capacity 
constant  A'^,  which  is  the  product  of  the  areas  of  the 
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Ai  :=  hi  at  (3) 

^c  =  b,a. (3) 

and  b',  a^,  bi  and  ai  are  the  dimensions  of  the  copper 

and  iron  circuits,  as  shown  in  Figs,  i,  2  and  3.     These 

six  \ariables  may  be  reduced  to  three  as  follows*,^ 

U) 


Let'.V-'  = 


)■=  = 


Zi  =  _ 


(J) 

(6) 

X',  Y"  and  Z'are  used  for  these  ratios  instead  of 
X,  Y  and  Z,  because  of  the  simplification  this  makes  in 
the  following  algebraic  work.  The  sectional  areas  and 
dimensions  of  the  transformer  may  be  written  as  fol- 
lows, by  the  help  of  equations  (i),  (2),  (3), 
(4),  (5)  and  (6),- 

^,  =  (X=7V)'-    (7) 
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Winding  Section 


-CORE  TYPE  TR.\.\SFORMER 

With  a  section  through  the  winding 


iron  section  .h  and  the  copper  section  A^:,  from  eq.  14, 
>ection  I\'.     This  equation  is, — ■ 
7  X  /o^  X  P 


FIG.   2 — SHELL  TYPE  TRANSFORMER 

at  right  angles  to  the  magnetic  circuit. 

6,  =  (r  ^e)'/-    

d, 
a,  =  ■ 
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X  =  Ai  A, 


(I) 


B/aS;S,/     

Where  P  is  the  k.v.a.  rating  of  the  transformer,  B 
is  the  flux  density  in  the  magnetic  circuit,  h  is  the  cur- 
rent density  in  the  copper  circuit.  Si  is  the  space  factor 
of  the  iron  circuit,  .S"o  is  the  space  factor  of  the  copper 
circuit,  and  /  is  the  frenquency  of  the  current. 

The  values  of  B  and  h  chosen  depend  upon  the 
iron  and  cop]>er  losses  desired  and  their  upper  limit  is 
set  by  saturation  of  the  iron  and  heating  of  the  copper. 
Low  values  for  these  densities  will  give  low  iron  and 
copper  losses,  and  the  transformer  will  have  a  relati\ely 
large  amount  of  material,  and  therefore  be  expensive. 
The  value  of  5"c  depends  on  the  capacity  rating,  voltage 
and  frequency  of  the  transformer. 

Examfle : — What  is  the  capacity  constant  of  a  2300—^230 
volt  transformer  which  has  the  following  characteristics? 
P  =  200;  B  =  12000;  Id  =  1550;  Sc  =  0.4;  Si  =  i.o;  f  =  60. 

From  equation  (i), — 

jX  ro"  X  zoo 
12000  X  1 550  X  0.4  X  00      -'   - 

DIMIVNSIONS  OF  THE  TRANSFORMER 

Even  with  a  fixed  value  of  A'^,  the  transformer  is 
not  designed  until  values  are  determined  for  Ai,  A<:,  be, 

■  h-,  b'  and  w,  when 


bj_ 

Z'    


(ii  = 


.   (9) 


Example: — What  are  the  values  of  A\,  Ac,  be,  Oc,  61  and  3i, 
for  the  transformer  covered  by  the  preceding  example  of  the 
shell  type  of  design,  whose  value  of  A'  is  3150, — when  A'^  =  21; 
r  =  2.3;  Z'  =  2? 

From  equations  (7)  to  (12), — 
Ai  =  {2.1  X  3  '5"Y'-  =  Si. 4  sq.  in. 
^  IW 

/>,  =  {2.3  X  3S.7Y''-  =  9-44  '■''• 
9-44 


2-3 


4.1  in. 


di  =  (2  X  Sf.4)^^  =  12-75  '"■ 

'^■75 
as  =  -~-  =  6.37  tn. 

EXl'KF.SSIONS  FOR  THE  MEAN   TURN  OF  IRON  AND  COPPER 

The  mean  turn  of  the  iron  or  copper  elements  is 
that  quantity  which,  multiplied  by  its  sectional  area, 
gives  its  total  volume.  The  mean  turn  of  iron  for  the 
shell  type  is,  — 

/,  =-.  2  (<ic  +  be  +  0.828  a,)  


(/?) 


*Mr   Charles  Fortescue  was  one  of  the  first  to  e.xpress  the 
dimensions  of  a  transformer  in  terms  of  these  variables. 
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Where  a.,  &«  and  ai  are  the  dimeirsions  of  the  cir-  .-i.  the  gross  area  of  the  iron  section,  and  D-  S.  and  /U 

cuits  as  shown  in  Fig.  _'.     Assuming  that  the  corners  of  the  corresponding  quantities  for  the  copper  circuit.  For 

the  magnetic  circuit"  are  cut  off  at"!  an  angle  of  45  de-  .*eet  steel  as  in  curve  Fig.  i,  sec.  Ill  *^Z).  =  0.244,  and 
grees,  tangent  to  a  radius  of  -^,  the  constant  0.828  is 


the  pounds  per  cubic  inch  of  copper,  Dc  =  0.321. 


determined  as  follows,- — 
From  Fig.  2 


or, 


It  =  -^  cos  45  degrees 

h'         (li         rti  J  , 

—  =  —  -  —  cos  4S  dci^rees 


"1 
/,'  =  o.sS6  — 

Aica  of  one  earner  =  \~T )     —  "7" \^ "•-■"'''     ^  J 

This  expression  divided  by  -y  gives,— 

0.S2S  a\ 
Mean  tur.it  of  corner  =         ; 

And  the  total  mean  turn  is  therefore  that  given  by 
equation  (i). 

If  the  corners  of  the  copper  circuit  are  rounded 
with  a  radius  of  a^,  as  shown  in  Fig.  2, — 

/c  =  -'  («i  +  h+  -J-  "c)  =.?(«■  +  *!  +  /.5>-  "cO 
In  the  expression  for  the  mean  turn  of  iron  for  the 
shell  type,  equation  (i),  replace  -^  by  O',  which  gives 
for  the  mean  turn  of  the  core  type, — 
/,  =  2(ac  +  bc  +  1.656  at) 

/  \    Iron  Section 


Example: — What  arc  the  weights  and  costs  of  iron  and 
copper,  and  the  iron  and  copper  losses  for  the  shell  type  trans- 
former covered  by  the  preceding  examples? 

From  equations  (16)  and  (17),  the  weights  of  iron  and 
copper  are, — - 

Ci  =  .?  X  o  ^77  X  Si. 4  {4.1  +  9.f4  +  o.SzS  X  6.37)  =  748  lbs. 

G^=  z  X  0.321  X  0.4  X  3S.7{6.s7-{-i2.7s-^'. 57^.4.')  =  ^54  lbs. 

A  density  of  12000  gausses  gives  from  the  curve  in  Fig. 
I,  Sect.  Ill,  a  value  for  the  watts  per  pound  IFi  of  1.58.  A 
current  density  of  1550  amperes  per  square  inch  at  75°C.  gives 
from  equations  3  and  4,  Sect.  II,  a  loss  per  pound  If\.  of  6.21. 
The  iron  and  copper  losses  therefore  are, — 

i,i  =  /.j5  X  74S  =  J 182  watts. 

Zc  =  6.2/  X  254  =  1580  watts. 

Z,i  -f-  Zc  =  11S2  4-  13S0  =  2762  watts . 

The  cost  of  active  material  based  on  15  cents  per  pound  of 
iron  and  45  cents  per  pound  of  copper  in  the  transformer,  are,  — 

C\   =   O./5   X   74S   =   $JI2.20 

C.  =  0.43  X  -',■;/  =  $114.30 

G  +  (Tc  =  1 1 2. 2  +  114.3  =  ^-'-'6.50 

TABLE  I— TABULATED  TRANSFORMER  DESIGN 


V 

^ 

(               \ 

z' 

~ 

*-a,-- 

S 
i 
_- 

— 

V- 

y 

Winding  Section 


Shell  Type 
Single-Phase 


P— ICv.a 

f  — Cycles  per  sec. .  . 
Id  — Amp.  per  sq.  in. 

B — Gausses 

Si— 

S=     

N     

X=     

Y^     

T-     

Ai  sq.  in 

Ac  sq.  in 

be  in 

ac  in 

bi  in 

ai  in 

Gi  lbs 

Gc  lbs 

Li  watts 

Lc  watts 

Li+Lc  watts 

Ci  dollars 

Cc  dollars 

Ci+Cc  dollars.  ... 


200. . . 
60.... 
1550. . 
12000. 
I.O 

0.4. . . 
3150. . 

2.1 

2.3... 


81.4.. 
38.7.. 
9.44.. 
4.1... 

12.75- 
6.37. . 
74S... 
254... 
11S2.. 
1580. , 
2762. , 
112.2. 

1 14-3  • 
226.5 . 


Core  Type 
Single-Phase 


200. . . 
60. . . . 
1550. . 
12000. 

1.0 

0.4.  .  . 
3150.. 
1.0 

2.3..- 

2 

56.2.  . 

S6.2. . 
"■.37- 
4-94-  • 
10.6.  . 

5-3- • - 
705- ■■ 
285... 
1115.. 
1770. . 
2885.. 
106. . . 
128... 
234. . . 


Core  Type 
Three-Piiase 


200 
60 

'550 

12000 
1.0 

0.36 

4620 

0.4 
2.7 

2 

43 

53-7 

ii-S 

4-25 

9-3 

4-65 

800 

322 

1270 

20IO 
3280 
120 

145 
265 


E.rainple : — Suppose   it   is    desired   to   design   a   core   type 


FIG.   3 — CORE   TYPE    THREE    PHASE   TRANSFORMER 

With  a  section  through  the  winding  at  right  angles  to  the 
magnetic  circuit. 

In  case  the  corners  of  the  windings  are  rounded 

with  a  radius  of  ^,  as  shown  in  Fig.  i — 

/c  =  2lai  +  i^i  +  —  <?c  j=  ^  («i  +  />i  -f-  0.7S3  a,.) 

For  convenience  in  the  algebraic  work  followmg, 

the  mean  turn  of  iron  and  copper  may  be  expressed  in  transformer,  based  upon  the  same  assumptions  as  the  preceding 

,  .                   J.   ,1                    1    ■        ,_       -,1         11        1     11  examples  for  the  shell  tvpe,  except  the  value  of  X"  which  is  I.O. 

general  terms  as  follows,  applvmg  to  either  the  shell  or  _,               .    •        r      ,      t   ,.      j                            u  ,  .  j 

'     r-i   ^      c  These  two  designs  for  the  shell  and  core  types  are  tabulated 

core  type,  in  Table  I,  showing  the  detailed  relations  between  them.     These 

h  =  2{ac  +  &c  +  c'at)  C  m')       designs  are  not  necessarily  the  best  possible  or  even  practical 

/  -_,/^.   _|_  J      I     ^gi  (j,\       ones,  but  are  given  only  to  illustrate  the  plan  of  design  out- 

lined, which  is  based  upon  certain  assumptions. 

THREE-PHASE   TRANSFORMERS 

Since  in  a  three-phase,  core-type  transformer  there 
are  two  openings  in  the  iron,  as  in  Fig.  3,  instead  of  one 
for  the  single-phase,  equation  /  must  be  written, — 
9.32  X  /0-'  X  P 


Where  c'  and  c  are  constants  which  have  the  fol- 
lowing values, — 


Shell  type 0.828. 

Core  type 1.656. 


c 
■1-57 
.0.785 


GENERAL   EXPRESSIONS    FOR    THE    WEIGHTS    OF    IRON    AND 
COPPER 

From  the  mean  turn  expressions  given  by  equa- 
tions (14)  and  (15),  the  weights  of  iron  and  copper  are 
as  follows, — 

G\  =  2  D\  Sk  a,  {,!a  +  6^  +  c'  ai) (16) 

G,.  =  2  Dc  S^  A,,  (at  -I-  *i  -1-  rac) (77) 

Where  Di  is  the  number  of  pounds  per  cubic  inch 
of  the  magnetic  circuit,  S',  the  space  factor  of  the  iron. 


A 


2  Ai  Ac  =  ^ 


B  /„  5i  S,/ 
For  the  same  reason, — 

^'  "  J^c 

Equation  8  then  becomes,- 


^c  = 


2Ai 


(18) 


(19) 


(20) 


*See  the  Journal  for  Sept.  1917,  p.  357. 
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The  mean  turn  of  iron  for  the  three-phase  tians- 
former  equals, — 

2  (.'  a,.  +  /J  Ac  +  ^.65  a-x)  (^/) 

The  weight  of  iron  equals, — 

.'  D\  Si  A,    (-'  <Jc  +  J. 5  *c  +  2.6^  fli) (22) 


The  weight  of  copper  equals, — 
2  X  1-5  X  A  -Se  Wc  («i  +  *i  +  0.755  a,.) 


(^i) 


Example: — Design  a  200  k.v.a.,  2300  to  230  volt,  60  cycle, 
three-phase  transformer  which  has  the  following  constants, — 
B  =  12000/  /a  =  1550;  5"c  =  0.36;  ^i  =  l.o;  X-  =  0.4;  y*  = 
2.7;  Z-  =  2. 


Tho 


,i<ii 


TvyjB  Ariuainrr^  Motors 

Ger.\ld 


F.  Smith 


THE  ten  266  ton  Baldwin-Westinghouse  electric 
locomotives  which  are  now  being  built  for  oper- 
ation over  the  Rocky  Alountain  Division  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railroad  will  be  the 
most  powerful  locomotives  in  passenger  service,  and 
as  they  will  be  supplied  almost  exclusively  with  hydro- 
electric power,  they  form  an  important  item  in  the  coal 
conservation  program  in  the  far  West.  Six  main  mo- 
tors of  the  twin  armature  quill  geared  type  are  used  per 
locomotive.     This  type  of  motor  permits  of  the  devel- 


yiG.    I — M.MN     MOTOR    OF    THE    CHIC^iGO,     MILWAUKEE   &   ST.     P.\UL 
LOCOMOTIVES 

Assembled  complete  with  quill  and  gear  covers, 
opment  of  greater  horse-power  per  axle  than  any  other 
type  in  which  a  single  motor  mounted  between  wheel 
flanges  drives  a  single  axle.  Each  armature  is  wound 
for  750  volts,  and  the  twin  armatures  are  connected  per- 
manently in  series,  giving  1500  volts  per  motor.  The 
motors  are  insulated  for  operating  two  in  series  on  a 
3000  volt  trolley  line. 

The  contract  ratings  based  on  75  degrees  rise  by 
thermometer  are  667  hp  for  one  hour,  natural  ventila- 
tion, with  all  covers  off  and  533  hp  continuously  with 
3350  cu.  ft.  of  air  per  minute,  forced  ventilation.  Tests 
on   the   first   motor   manufactured    indicate   that   these 


ratings  are  quite  conservative.  Air  for  ventilation  is 
supplied  by  an  external  blower  assisted  by  a 
large  fan  mounted  on  the  pinion  end  of  each  armature. 
These  fans  greatly  assist  in  distributing  the  air  and 
draw  sufficient  cooling  air  through  the  motor  to  allow 
the  auxiliary  blower  to  be  shut  down  when  operating 
over  the  lighter  grades,  and  thus  save  power.  The  cool- 
ing air  enters  a  duct  through  an  air  inlet  placed  in  the 
center  of  the  top  of  the  motor.  It  moves  forward  in 
this  duct  toward  the  commutator  end,  where  it  is  blown 
into  the  interior  of  the  motor.  It  then  passes  in  paral- 
lel streams  through  the  armature  cores,  through  the 
air-gaps  and  through  the  spaces  between  the  field  coils. 


FIG.    2 — MAIN    MOTOR   WITHOUT    GEAR    CASE    OR    QUILL 

Showing  the  pinions  of  the  twin  armatures, 
enters  the  fan  at  the  rear,  and  is  thrown  out  through 
circumferential  openings  in  the  pinion  end  of  the  frame. 
These  openings  are  protected  by  special  covers  designed 
to  keep  out  snow  and  water.  The  weight  of  the  motor 
complete  with  pinions,  gear,  gear  case,  quill  bearings, 
quill  and  quill  drive  details  is  25  400  pounds. 

The  motors  are  mounted  on  top  of  the  truck  tran- 
soms of  the  locomotive,  which  puts  them  well  up  above 
the  road-bed  away  from  the  dust,  dirt,  water  and  road- 
bed obstruction.  Furthermore,  being  entirely  spring 
supported,  the  motors  are  not  subject  to  tbe  direct 
shocks  or  vibrations  due  to  irregularities  in  the  track. 

The  frame  of  the  motor  consists  of  a  rugged  steel 
casting  as  shown  in  Fig.  4.  Heretofore,  twin  arma- 
ture motors  of  the  alternating-current  type,  adapted  for 
quill  drive,  had  two  separate  frames  which  were  bolted 
together.  With  the  direct-current  motor  requiring  a 
heavy  magnetic  frame,  a  saving  in  weight  and  cost  is 
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possible  by  making  the  frame  casting  in  one  piece.  The 
center  wall  inside  the  frame  does  not  carry  any  of  the 
main  pole  flux  and  serves  only  as  a  supporting  wall  for 
the  poles  and  coils,  and  as  a  path  for  the  commutaling 
pole  flux;  hence,  it  can  be  made  of  relatively  thin  sec- 
tion. 

There  are  four  main  and  four  commutating  field 
poles  and  coils  per  armature.  The  field  coils  are  wound 
with  copper  straps  insulated  between  turns  with  asbes- 
tos. The  insulation  around  the  field  coils  is  of  mica 
with  a  final  taping  of  heavy  cotton  tape.  The  coils  are 
impregnated  by  the  vacuum  process  with  a  heat  con- 
ducting and  water  proofing  compound.  The  commu- 
tating coils  are  insulated  for  line  voltage.     The  main 


\ 


FIG.    3 — COMMUT.^TOR   END   OF   MOTOR 

Showing  the  air  in-take. 

FIG.   4 — STEEL   CASTING   OF   MOTOR   FRAME 

The  main  poles  on  the  center  wall  are  of  opposite  polarity, 
so  that  no  main  pole  flux  passes  through  the  frame  at  this 
point. 

coils  are  always  on  the  ground  side  and  are  insulated 
for  one-half  line  voltage.  The  field  coils  are  supported 
between  the  pole  tips  and  machined  surfaces  in  the 
frame.  They  are  protected  by  means  of  coil  shields 
and  washers,  and  prevented  from  moving  by  a  heavy 
spring  placed  between  the  top  washer  and  the  frame. 
The  housings  which  carry  the  bearings  fit  tightly 
mto  the  machined  bores  in  the  ends  of  the  frame.  They 
are  secured  by  bolts  which  are  prevented  from  turning 
by  plate-lock-washers.  The  bearings  are  of  ample  size. 
They  are  lubricated  by  the  oil  and  waste  method  which 
is  standard  for  railway  motor  practice. 

There  are  four  brushholders  for  each  armature, 
each  can-ying  three  brushes.  The  brushholder  support 
consists  of  a  block  into  which  are  pressed  insulated  pins. 


The  insulation  is  a  composition  which  is  moulded  on  the 
pins  and  machined  to  exact  size  to  obtain  a  good  fit  in 
the  blocks.  The  portion  of  the  insulated  pin  extending 
from  the  block  is  surrounded  by  two  porcelain  bushings 
in  series  which  gives  a  long  creepage  surface  to  ground. 
The  outer  ends  of  the  pins  are  drilled  and  tapped 
axially  for  bolting  to  machined  surfaces  on  the  frame. 
The  brushholder  is  of  standard  railway  motor  con- 
struction and  is  bolted  to  the  insulating  supporting 
block.  The  connections  to  the  brushholders  are  so  ar- 
ranged that  the  brushholder  or  support  may  be  removed 
with  a  minimum  of  disturbance  of  the  connection. 
This  fact,  together  with  the  location  of  the  motors  up 
from  the  road-bed,  makes  the  brushholders  convenient 
for  repairing  and  inspecting.  Two  openings  in  the 
bottom  of  the  frame,  two  in  the  corners  at  the  top  and 
one  in  the  center  at  the  top  are  provided  for  inspection 
and  removal  of  brushholders.     Six  of  the  brushholders 


FIG.    5— MAIN  AND   COMMUTATING  FIELD   POLES,   SHIELDS,   WASHERS 
AND  SPRINGS 

can  be  inspected  and  the  carbons  removed  from  the  top. 
The  other  two  are  accessible  from  the  bottom.  It  is  not 
necessaiy  to  run  the  locomotive  over  a  pit  in  order  to 
inspect  or  remove  brushholders. 

The  armature  is  of  the  standard  railway  motor 
type.  The  shaft  is  of  forged  steel  and  is  pressed  into 
the  spider.  It  can  be  removed  for  replacement  without 
disturbing  the  remainder  of  the  armature.  The  spider 
and  pinion  end  bell  form  an  integral  casting.  Figure  6 
shows  the  armature  core  with  commutator  in  place,  and 
also  the  large  fan  on  the  rear  end.  Balancing  pockets 
are  arranged  in  the  spider,  in  the  commutator  end  bell 
and  in  the  fan.  The  armature  core  is  balanced  before 
the  commutator  or  fan  is  applied.  The  commutator  is 
finished  all  over  and  hence  is  not  subject  to  very  great 
variation.  The  fan  is  balanced  independently  before 
being  applied  to  tlie  core. 

The  armature  coil  shown  in  Fig.  8  is  made  in  one 
piece  and  is  completely  insulated  before  being  applied  to 
the  armature  core.     The  complete  coil  consists  of  five 
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single  coils  each  havinj^  a  sin_sj;le  turn  of  two  straps  in 
parallel.  There  are  no  cross-overs  inside  the  coil.  The 
coils  are  insulated  with  mica  with  a  final  taping  of 
strong  cotton  ta[)e.  The  complete  armature  is  dipped 
in  insulating  varnish  and  baked  several  times  after  being 
wound. 

In  Fig.  7  is  shown  the  ([uill  with  ge;'.r  center  and 
gear  rim.  The  gear  rim  has  89  teeth,  each  pinion  has 
24  teeth,  and  the  gear  face  is  six  inches  wide.  By  us- 
ing twin  armatures  with  the  two  pinions  meshing  with 
the  single  gear,  considerable  space  is  saved  in  the  di- 
rection of  length.  There  is  also  no  necessity  for  using 
the  flexible  type  of  gear  to  insure  proper  division  of 
load  between  pinions.  At  the  same  time,  all  the  ad- 
vantages of  flexibility  of  drive  are  obtained  due  to  the 


Fl<;.    6 — .\RMATURE    CORE 

Fic.  7 — Qrii.i.  wriH  ge.\r  center  and  cear  Rur 

use   of   the   quill    springs   connecting   the   quill   to    the 
wheels. 

The  upper  and  lower  portions  of  the  gear  case  are 
showai  m  Fig.  9.  The  upper  portion  is  made 
of  two  rugged  castings  as  shown.  Tiie  line  of  spl.t  be- 
tween the  upper  and  lower  portions  of  the  gear  case  is 
3.5  in.  from  the  horizontal  center  line  of  quill.  On  the 
pinion  end  housings,  there  are  skirts  extending  down  to 
the  line  of  split,  as  shown  in  Fig.  2.  On  the  faces  of 
the  pinion  end  housings  are  flanges  to  which  the  upper 
castings  are  bolted.  The  lower  portion  of  the  gear  case 
is  of  sheet  steel  riveted  and  welded.  It  is  supported  at 
the  ends  from  the  upper  castings.  Hand  holes  with 
spring  covers  are  provided  in  the  upper  portion  of  the 
gear  case.     Tongue  and  groove  fits  are  provided  be- 


tween the  gear  case  and  quill,  and  between  the  upper 
and  lower  portion  of  the  case.  It  will  thus  be  seen 
that  the  gear  case  is  of  simple  and  sturdy  construction. 
The  normal  clearance  between  the  lowest  part  of  the 
gear  case  and  the  rail  is  seven  inches. 


FIG.    8 — ARMATURE    COIL 

The  commutating  and  flashing  characteristics,  of 
the  motor  aie  inherently  good,  due  to  the  use  of  only  750 
volts  per  armature.  There  are  205  commutator  bars  on 
each  armature,  which  is  ample  for  750  volts.  The 
air-gap  is  proportioned  in  accordance  with  the  latest 
practice  to  give  a  steep  speed  cun'e,  so  that  it  is  only 
necessary  to  shunt  one-thii'd  of  the  field  current  to  ob- 
tain the  maximum  speed  desired  with  a  full  tonnage 
train  on  level  track.  The  range  of  speed  at  full  voltage 
is  from  23  to  65  miles  per  hoiu",  depending  on  the  load. 

In  general  it  will  be  seen  that  this  motor  is  of 
simple  and  rugged  design.  The  insulation  is  capable  of 
standing  high  temperatures  and,  with  the  large  creepage 
distances,  is  liberal  for  the  high  line  voltage.     An  ample 


EIG.   0 — GEAR  CASE 


number  of  commutator  bars  are  used  on  each  arma- 
ture, which  will  greatly  reduce  troubles  from  flashing. 
The  capacity  is  ample  for  the  duty  required.  The  mo- 
tors can  therefore  be  expected  to  operate  with  a  high, 
degree  of  reliability  in  service. 


LoconiotivGS  io:i 


Minos  n(\'\  C.^av-rrwl  3ii4lit.-5 trial 


1 1 f  ooses 


THE  electric  locomotive  is  a  very  important  means 
of  conserving  the  man  power  so  badly  needed  in 
our  mines  and  industrial  establishments  at  the 
present  time.  One  man  with  a  mule  can  handle  a  very 
small  tonnage  per  day,  compared  with  that  which  the 


H.  D.  James  &  H.  H.  Johnston 

engines  and  afterwards  compressed  air  locomotives 
were  tried  out.  The  most  recent  development  is  the 
use  of  electric  locomotives,  both  for  the  main  haulage 
and  for  gathering  purposes.  During  the  last  few  years 
rapid  strides  have  been  made  in  substituting  electric  lo- 


W~'. 


FIG.    I — 30    TON    TANDEM     MINE    LOCOMOTIVE    ^^ADE    UP    OF    TWO    I5   TON   UNITS 


same  man  can  haul  using  an  electric  locomotive.  Al- 
though the  extra  cost  of  the  electrical  equipment  is  con- 
siderable, it  can  usually  be  recovered  in  a  short  time 
where  the  tonnage  is  sufficient.  The  electric  locomotive 
not  only  reduces  the  expense  of  hauling,  but  increases 
the  efficiency  of  a  mine  or  industrial  establishment  by 


comotives  for  mules  where  any  considerable  tonnage  is 
taken  out. 

This  same  development  has  taken  place  in  indus- 
trial establishments.  Formerly,  the  material  was 
trucked  from  one  place  to  another  by  man  power.  This 
is  being  rapidly  superseded  by  the  automobile  truck  and 
storage  battery  locomotives. 


Forward  Reverse 


Trolley 


To  Headlights 


\ 


FIG.   2 — DRUM    CONTROLLER 

Showing  separate  drum  for  reversing  and  series  or  paral- 
lel connections. 

the  speed  with  which  coal  or  finished  material  can  be 
moved  out  of  the  way  of  workmen  and  new  material 
brought  to  them. 

When  coal  mining  operations  extended  only  a  few 
hundred  feet,  the  coal  cars  were  hauled  out  to  the  shaft 
or  entry,  by  mules.     As  a  mine  was  extended,  gasoline 


FIG.    3 — DIAGRAM    OF    DRL'M    CONTROLLER    SHOWN    IN    FIG.    2 

At  first,  the  mining  operations  were  taken  care  of 
by  one  type  of  locomotive,  which  was  used  for  hauling 
the  cars  through  the  main  tunnel.  As  the  mines  be- 
came developed,  and  larger  areas  were  worked,  a  new 
class  of  locomotive  was  developed  for  gathering  the  cars 
from  the  side  rooms.  With  this  development,  larger 
and    more    powerful    haulage    locomotives    were    built 
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which  increased  the  size  of  the  control  apparatus  and 
in  many  cases,  the  manual  controller  has  been  super- 
seded by  remote  control. 

Electric  locomotives  for  mine  and  industrial  ser- 
vice may  be  divided  as  follows : 

I— Trolley  type  locomotives  for  main  haulage. 
2— Trolley  type  locomotives  for  gathering  service. 
3 — Storage  battery  locomotives. 

4— Combined  storage  battery  and  trolley  locomotives. 
The  trolley  locomotive  is  particularly  well  adapted 
for  high  speed,  long  hauls  and  heavy  grades.     It  may 


room  track  must  be  bonded.  In  many  cases  double  con- 
ductor cable  is  used  to  avoid  bonding  these  tracks. 
Where  the  reel  is  motor  driven,  an  electric  motor  is 
built  inside  of  the  reel  drum  and  is  self  contained  with 
the   reel.     The   motor   is   connected   across   the   power 


FIG.   4 — TR.ACTION    REEL   C.\THERIXC    LOC-nMOTl\r 

employ  a  single  trolley  wire  or  third 

rail  and  use  a  bonded  track  for  the 

return  circuit.     The  single  trolley  is 

the  usual  practice  in  mines.     In  some 

industrial    establishments,    a    double 

trolley  or  double  third  rail  is  used,  in 

which  case  the  track  is  not  used  to 

form  part  of  the  electric  circuit  and 

need  not  be  bonded. 

The      trolley      locomotive      for 

gathering  service  is  employed  only  in 

mining    operations.     In    addition    to 

the    usual    locomotive    equipment    it 

may  have  a  traction  reel  or  a  cable 

reel.     The  traction  reel  gathering  lo- 
comotive  is   equipped   with   a   m^jtor 

driven  reel  on  which  is  wound  a  steel 

cable.     The    locomotive    remains    on 

the  main  haulage  track  and  the  cable 

extends  into  the  room  or  entr)^  and 

is  connected  to  the  cars.     The  motor 

operating  the  reel  draws  the  cars  out 
to  the  main  track  so  that  the  locomotive  can  couple  to 
them.     The  reel  motor  is  controlled  by  a  simple  rheo- 
static  reversing  drum  controller. 

Where  the  gathering  reel  is  of  the  conductor  cable 
type,  Fig.  5,  it  may  be  mechanically  driven  from  the 
axle  or  equipped  with  an  individual  motor.  The  conduc- 
tor cable  enables  the  locomotive  to  run  on  a  room  track 
for  hauling  the  cars  to  and  from  the  room  working 
.face.     Where  the  electric  cable  is  single  conductor,  the 


Fir,.    5 — MOTOR  OPER.Min  .  i.MHCTOR  C.\BLE  REEL 


FIG.  6 — C0I>fDUCT0R' CABLE  REEL  LOCOMOTIVE 

lines  with  a  resistance  in  series.  As  the  cable  is  wound 
off  the  reel,  the  motor  is  driven  against  its  torque  and 
keeps  the  cable  taut.  As  the  locomotive  returns,  the 
motor  winds  the  cable  on  the  reel.  The  action  of  the 
motor  is  thus  equivalent  to  a  spring.  The  torque,  how- 
ever, remains  constant  and  does  not  vary  as  in  the  case 
of  a  mechanical  spring.  The  cable  passes  through  a 
guide  driven  by  the  reel  which  moves  back  and  forth 
and  causes  it  to  wind  uniformly  across  the  face  of  the 
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reel.     Fig.  7  shows  a  diagram  of  electrical  connections 
for  the  motor  driven  reel  and  its  control  circuit. 

The  controllers  used  on  all  but  the  very  large  loco- 
motives are  manually  operated,  usually  the  drum  type. 
Each  controller  is  provided  with  two  handles :— the  op- 
erating handle  controls  the  speed  of  the  locomotive ;  the 
other  handle  makes  the  proper  connections  for  forward 
or  reverse  operation,  and  where  two  or  more  motors 
nre  used,  it  provides  for  either  series  or  parallel  con- 


sometimes  quite  large  and  are  often  used  for  handling 
several  freight  cars  at  one  time. 

A  pusher  locomotive  differs  from  the  regular  lo- 
comotive by  the  addition  of  a  bar  which  projects  from 
the  side  of  the  locomotive  and  enables  it  to  move  the 
cars  on  an  adjacent  track,  as  illustrated  in  Fig.  9. 


MotDr  Dnven  Peff 


KIG.  7 — Dl.^GRAM  OF  >''_1T0R  OPERATED  CONDUCTOR  CABLE  REEL 

nections.  The  handles  are  interlocked  so  that  the  di- 
rection of  rotation  and  series  or  parallel  connections 
cannot  be  changed  unless  the  operating  handle  is  in  the 
nlT  position.  Controllers  for  mine  locomotives  must  be 
made  short  in  the  vertical  direction  and  as  flat  as  pos- 
sible, as  the  overall  dimensions  of  the  locomotive  are 
\ery  limited  in  mining  work.  Controllers  for  industrial 
locomotives  need  not  meet  these  requirements. 

Each  locomotive  usually  has  two  or  more  motors 
which  can  be  connected  in  series  or  in  parallel.  Fig.  3 
shows  the  diagram  of  connections  for  a  dnun  controller 
arranged  for  two  motors.  The  drum  connected  to  the 
operating  handle  is  .shown  at  the  left  of  the  main  dia- 
gram and  at  the  top  of  the  schematic  diagram.  It  con- 
nects the  motors  to  the  trolley  circuit  through  a  resist- 
ance which  is  short-circuited  in  five  steps.  To  the  right 
is  the  forward,  reverse  and  series  parallel  drum.  These 
connections  can  be  changed  only  when  the  drum  shown 
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PTC.    9 — I'USHER  TYPE  LOCOMOTIVE  WITH   THIRD  RAIL 

Oji  the  Cleveland  Ore  Dock  of  the  Pennsylvania  Lines. 
This  locomotive  runs  on  tracks  parallel  to  those  of  the  cars, 
and   pushes  the  cars  with  a  pneumatically  operated  arm. 

It  is  often  difificult  for  a  locomotive  operator  to 
"spot"  cars  proper!}-  where  the  train  is  of  any  con- 
siderable length.  It  is  possible  to  improve  these  condi- 
tions, by  erecting  a  tower  adjacent  to  the  track  and  ar- 
ranging the  control  so  that  the  locomotive  operator 
can  leave  the  cab  and  operate  his  locomotive  from  the 
tower.  Contactor  control  with  master  switches  are 
used  and  a  control  wire  is  run  from  the  locomotive  to 
the  tower  by  means  of  an  additional  trolley  or  third 
rail. 

\\'here  a  considerable  tractive  effort  is  required 
and  the  size  of  rail  or  operating  conditions  will  not 
permit  the  use  of  a  single  locomotive,  the  locomotive  is 
divided  into  two  parts  and  is  known  as  a  tandem  loco- 
motive, Fig.  I.  One  of  the  units  is  a  leading  or  primary 
unit  and  the  other  a  secondary  unit.  The  primarj'  unit 
is  equipped  with  a  four  motor  controller  to  control  two 
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FIG.   8 — PIAOHAM     OK    CONTACTOR    CONTROL 

on  the  left  is  in  the  oft'  position,  the  interlock  consisting 
of  a  mechanical  connection  between  the  handles  on  the 
inside  of  the  controller. 

Larger  locomotives  are  equipped  with  air  brakes 
and  contactor  control.  The  operating  handle  provides 
for  both  series  and  parallel  connections.  A  separate 
handle  sets  the  circuit  for  either  forward  or  reverse  op- 
eration. Fig.  8  illustrates  a  typical  controller  for  this 
type  arranged  for  two  motors.     These  locomotives  are 


ContToUer 


Fir,.    10 — ARRANGEMENT    OF    BUS     LINE    RECEPTACLES     FOR    TANDEM 
LOCOMOTIVE 

motors  on  each  unit.  The  electrical  connections  be- 
tween the  two  units  are  made  with  jumpers,  each  loco- 
motive being  equipped  with  its  own  resistor.  The  two 
units  are  operated  electrically  in  parallel,  the  motors  on 
each  unit  being  connected  in  series  or  in  parallel  in  the 
customary  way,  and  the  resistors  on  the  two  units  being 
paralleled  step  to  step  by  the  controller  contacts  on  both 
the  series  and  parallel  connections  of  the  motors.  When 
operated  separately  the  connections  on  tlie  primary  unit 
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which  are  provided  for  the  motors  and  resistor  of  the 
second  unit  remain  idle. 

Where  the  locomotive  is  equipped  with  air  brakes 
and  remote  control,  arrangement  can  be  made  for  con- 
necting several  of  these  units  together  and  operating  as 
a  single  locomotive.  A  good  illustration  of  this  is 
three  25-ton  locomotives  recently  installed  by  a  large 
copper  company.     Each  of   these   locomotives   can   be 


grades  are  encountered.  These  locomotives  are  also  well 
adapted  for  gathering  service  in  mines.  The  volts  per 
cell  for  commercial  storage  batteries  is  quite  low  so 
that  motors  are  wound  for  considerably  less  voltage 
than  is  common  for  power  service.     This  increases  the 
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HG.    11    -.slukAl.l.   UAllLKY    LOCOMOTIVES    IN    AN    INDUSTRIAL   PLANT 

operated  as  a  single  unit  or  the  three  units  can  be  cdriT 
nected  together,  giving  the  equivalent  of  a  75  ton  lo- 
comotive wath  a  distributed  weight,  so  that  no  heavier 
track  is  required  than  for  the  single  25  ton  unit. 

The  storage  battery  locomotive,  Figs.  11  and  12,  is 
usually  designed  for  slow  speeds  of  about  3.5  miles 
an  hour.  It  is  particularly  adapted  for  short  hauls  and 
intermittent       ser-  r, 


vice.  Heavy 
grades  and  high 
speeds  cause  a 
very  high  d  i  s  - 
charge  rate  on  the 
battefy,  which 
makes  the  size  of 
the  battery  out  of 
proportion  to  the 
service  rendered. 
These  locomotives 
are  operated  in 
shifts  to  allow 
time  for  charging 
the  battery.  Some- 
times extra  bat- 
teries are  provided 
to  keep  the  loco- 
motives in  con- 
t  i  n  u  o  u  s  service, 
the  idle  battery  be- 
ing charged  while 
the  other  battery  is 
in  service  on  the 
locomotive.  Stor- 
age battery  loco- 
motives are  par- 
ticularly well  adapted  for  industrial  purposes  where  a 
trolley  wire  or  third  rail  would  be  objectionable.  The 
loading  and  unloading  of  cars  consumes  time  and  a 
great  deal  of  the  work  consists  in  shifting  cars  from  one 
place  to  another,  and  in  most  industrial  plants  few  if  any 
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FIG.    12 — DIAGRAM    OF   A    TWO    MOTOR 
STORAGE     BATTERY     CONTROL 


FIG.    13 — COMBINED    TROLLEY    AND    STORAGE    DATTERY    LOCOMOTIVE 

With  cover  removed  showing  location  of  the  motors  and 
storage  battery. 

current  per  horse-power  considerably  and  makes  it  nec- 
essary to  use  larger  contacts  for  a  given  horse-power. 
For  a  single  motor,  the  controller  consists  of  an  ordi- 
nary drum  with  rheostatic  control.  The  forward  and 
reverse  connections  are  made  on  a  separate  drum,  the 
change  in  connections  being  made  when  the  operating 
handle  is  in  the  off  position. 

Where  two  or  more  motors  are  used,  the  motor 
armatures  and  fields  are  combined  in  series  and  paral- 
lel relations  which  gives  a  wide  range  of  speed  with 
very  little  rheostatic  loss  and  conserves  the  energy  in 
the  storage  battery.     Fig.    12  is  a   schematic  diagram 
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FIG.    14— DIAGRAM     OF     CONTROLLER     FOR     COMBINED     TROLLEY     AND- 
STORAGE   BATTERY   LOCOMOTIVE 

showing  such  an  arrangement.  The  numerals  i  and  J 
represent  the  two  motors.  Each  motor  is  provided  with 
a  double  field  winding.  The  motors  are  first  connected 
with  their  armatures  and  all  of  their  field  windings  in 
series.  This  gives  a  maximum  field  strength  and  maxi- 
mum torque  with  a  relatively  small  current.  After  the 
starting  resistance  has  been  short-circuited,  the  field 
windings  are  connected  in  parallel,  giving  a  higher 
speed  by  field  control.  Higher  speeds  are  obtained  by 
changing  the  armatures  from  series  to  parallel  connec- 
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tions.  Six  operating  speeds  are  shown  on  this  diagram,  rate  handle  which  can  be  moved  only  when  the  operat- 
The  steps  marked  with  sub  letters,  such  as  3a,  4a,  etc.  ing  drum  is  in  the  off  position  provides  for  connections 
are  transition  steps  and  not  intended  for  running  posi-  for  either  forward  or  reverse  operation  on  either  the 
.JQj^g  trolley  or  battery.  A  locomotive  of  this  kind  has  con- 
Sometimes  the  locomotive  is  designed  for  opera-  siderable  flexibility,  but  the  added  weight  of  the  battery 
tion  both  from 'a  storage  battery  and  a  trolley,  the  bat-  is  a  disadvantage  in  operating  on  the  trolley  wire.  Some 


tery  being  used  for  short  hauls  where  it  is  not  conveni- 
ent to  provide  the  trolley  wire,  such  as  for  gathering 
purposes  in  a  mine.  Fig.  13  shows  such  a  locomotive 
and  Fig.  14  a  diagram  of  connections.  The  operating 
handle  provides  ordinary  rheostatic  control.     The  sopa- 


quite  large  industrial  locomotives  of  this  kind  are  em- 
ployed by  a  large  plant  where  it  is  necessary  to  haul 
cars  across  property  where  a  trolley  cannot  be  installed. 
In  such  cases,  the  battery  can  be  charged,  if  desired, 
while  the  locomotive  is  operating  from  the  trolley. 
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DAD",  said  helper  Jack,  as  they  lit  their  pipes  after 
drinking  the  last  of  the  coffee  from  their  dinner 
pails,  "I  see  the  old  man  fussin'  around  the  arma- 
ture room  a  lot  these  days  and  heard  him  talkin'  some- 
thin'  about  dippin'  an  bakin'  armatures.  What  kind  of 
a  crazy  noshun  has  he  got  in  his  head  now?  Don't 
them  armatures  git  baked  enough  already?  The  one 
we  took  out  of  that  motor  today  was  sure  well  done." 

"That  ain't  the  idee  a  tall,  son,  and  let  me  give  you 
a  little  tip.  Don't  git  into  the  habit  o'  thinkin'  that 
everything  new  the  old  man  starts  is  a  crazy  noshun.  I 
remember  we  all  thought  he  was  ready  for  the 
wagon  when  he  bought  some  new  motors  that  had  solid 
kettles  instead  o'  split,  and  had  four  little  fields  besides 
the  four  regular  big  fields.  We  figgered  we'd  be  pump- 
in'  them  jacks  all  the  time  liftin'  cars  so  as  to  get  out 
motors,  but  we  don't  take  out  half  the  armatures  we 
used  to,  and  besides  they  is  a  lot  o'  work  gets  done  on 
them  trucks  when  we  do  take  out  a  motor  that  would 
never  git  done  till  she  broke  down  if  we  was  usin'  .split 
kittles." 

"It  certainly  is  a  lot  more  work  to  take  the  fields 
out  of  a  motor  that  has  four  big  ones  and  four  little 
ones,  but  the  fields  nowadays  is  taped  better,  and  has 
some  sort  of  a  gum  run  into  'em  that  keeps  'em  from 
shrinkin'  so  much  and  keeps  out  the  water.  Them  stiff 
springs  under  the  fields  keeps  'em  up  tight  against  the 
poles  so  they  don't  git  loose  and  rub  through  the  tape 
and  ground  near  so  often  as  the  old  kind  did.  Since 
then  I  figger  that  the  old  man  knows  pretty  near  what 
he's  doin'  before  he  goes  ahead." 

"Now  from  what  he  says  to  me,  I  figger  he's  got 
the  same  idee  about  armatures.  You  see  when  a  arma- 
ture runs  a  year  or  so  the  tape  and  that  stuff  on  the 
coils  gits  dried  out  and  the  coils  gits  loose  in  the  slots 
and  ev'ry  time  the  motorman  speeds  up  the  car  them 
coils  tries  to  fly  out  of  the  slots,  and  when  he  slows 
down  they  flop  back  again.  When  they  do  this  they  rub 
on  the  sides  of  the  slots  and  on  theirselves  where  they 
cross  at  the  ends  and  git  grounded  and  short  and  break 
off  at  the  commutator." 

"If  they  was  springs  alongside  the  coils  in  the  slots 
they  would  help  take  up  this  play  and  hold  them  coils 


but  nobody  ain't  done  that  yet,  so  the  old  man  fi 


L.  J.  Davis 

Dcpt.,  Westinghouse  Electric  &  Mfg.  Company, 
Detroit,  Mich. 

he'll  hold  them  coils  where  they  belong  by  fillin'  in  all 

around  'em  and  inside  'em  with  varnish  and  bakin'  this 

varnish  hard  enough  to  hold  'em.     They  can't  no  dirt 

nor  water  get  into  them  coils  neither,  cause  they  will  be 

all  sealed  up  with  this  here  varnish." 

"He  tells  me  that  he  is  goin'  to  take  out  all  them 
armatures  and  heat  'em  up  and  put  on  new  bands,  and 
then  heat  'em  and  dip  'em  in  this  here  varnish  and  hang 
'em  up  to  dreen  and  then  bake  'em  till  the  varnish  is 
solid.  That's  what  he's  buildin'  that  tank  and  oven 
tor." 

"But  say,  Dad,  ain't  that  goin'  to  be  an  awful  lot 
o'  work?" 

"Sure  it  is,  son,  but  them  motors  has  run  two  or 
three  years  now  and  they  need  goin'  over,  and  the  dip- 
pin'  and  bakin'  ain't  goin'  to  be  much  more  work  when 
we  git  that  new  outfit.  Another  thing.  Jack,  me  and 
you  has  got  to  keep  these  cars  runnin'  this  winter  cause 
they  ain't  no  guys  that  knows  anything  about  motors 
around  lookin'  for  a  job  and  I'm  shy  two  men  now. 
The  old  man  says  after  he  gets  these  motors  dipped  and 
baked  that  me  and  you  can  take  care  of  'em  easy  and 
we  won't  have  so  much  luggin'  to  do,  neither. 

"Did  you  ever  stop  to  figger  that  this  traction  com- 
pany has  got  only  one  thing  to  sell  and  that  is  rides,  and 
people  can't  ride  on  cars  that  is  settin'  in  the  shop,  and 
my  pay  and  yours  comes  out  of  the  money  them  people 
pays  for  ridin'?  Anything  that  keeps  them  cars  ont' 
the  road  helps  you  and  me,  Jack." 

"But  Shultz  was  sayin'.  Dad,  that  he  bet  the  old 
man  was  gettin'  up  some  scheme  to  do  away  with  more 
men,  and  if  he  kept  on  we'd  all  be  out  of  a  job." 

"Boy,  that's  the  same  old  argument  some  guys  put 
up  when  Joseph  had  Hoover's  job  under  old  man 
Pharaoh,  and  wanted  to  use  a  jackass  to  pull  a  plow  in- 
stead of  a  man.  They  ain't  half  enough  man  savin'  ma- 
chinery in  this  shop  nor  no  other  shop  in  the  country, 
but  they  is  going  to  be  more,  boy,  they  is  going  to  be 
lots  more.  If  Shultz  wants  to  let  the  jackass  chaw 
thistles  and  rest  and  watch  Shultz  work,  let  him  go 
ahead,  but  you  figger  on  gittin'  the  jackass  to  do  all  of 
his  kind  of  work  you  can  so's  to  leave  you  loose  to  do 
somethin'  that  takes  a  man." 

"Well,  there  she  blows.     Let's  get  busy." 
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Winter  Operation  of  Railway  Motor  Equipments 


With  the  coming  of  the  winter  season  and  the  memory  of 
last  year's  experience  still  fresh  in  the  minds  of  railway  opera- 
tor.s,  ways  and  means  of  better  meeting  a  repetition  of  these 
conditions  are  being  considered  with  the  object  of  keeping  the 
cars  on  the  road  and  supplying  satisfactory  service  to  the  travel- 
ing public.  A  thorough  study  of  existing  conditions  during  the 
past  winter  on  a  number  of  railway  properties  throughout  the 
country  has  emphasized  the  importance  of  a  few  fundamental 
principles. 

SHOP    ORGANIZATION 

It  is  of  vital  importance  to  have  an  efficient  and  well-or- 
ganized Iiody  of  trained  men  to  take  care  of  all  repairs,  under 
the  supervision  of  a  competent  master  mechanic. 

REGULAR    INSPECTIONS 

In  order  to  catch  partial  defects  in  equipments,  before  they 
go  too  far  and  cripple  cars  in  service,  regular  and  frequent  in- 
spections should  be  made  at  stated  intervals  of  time  or  on  a 
mileage  basis  under  the  direction  of  experienced  foremen. 
MOTOR   WINDINGS 

Completely  wound  armatures  and  field  coils  that  have  been 
thoroughly  treated  by  dipping  and  baking,  using  a  good  grade 
of  baking  insiilating  varnish,  have  been  found  to  withstand  the 
water  and  moisture  encountered  during  the  winter  service  with 
less  resultant  troubles  than  untreated  windings.  This  treat- 
ment of  the  windings  is  highly  recommended  as  a  means  of  re- 
ducing trouble  due  to  grounds  and  short-circuits. 

PAINTING    INSIDE   OF    MOTOR    FRAMES 

Some  operators  have  experienced  less  trouble  due  to 
grounded  windings  by  painting  the  inside  of  the  motor  frame 
with  a  heavy  asphaltum  paint.  This  should  be  done  after  all 
dirt  and  grease  have  been  removed  from  the  frame. 

MOTOR    LEADS 

All  motor  leads  should  be  cleated  to  prevent  rubbing  and 
chafing  to  insure  against  broken  and  grounded  leads.  A  heavy 
coating  of  paint  protects  these  leads  against  snow  and  water  by 
making  them  moisture  proof. 

MOTOR    COVERS 

Suitable  tight  fitting  solid  commutator  and  hand  hole  covers 
should  be  placed  on  all  non-ventilated  motors  to  prevent  snow 
and  wheel  wash  from  getting  inside  of  the  frame  and  damaging 
the  windings  and  brushholders.  Armature  and  axle  bearing 
oil  well  covers  and  all  dust  shields  should  be  made  tight  fitting 
and  securely  fastened  to  keep  water,  dirt  and  snow  from  get- 
ting into  the  bearings  with  resultant  bearing  troubles. 

Motors  of  the  ventilated  type  that  ordinarily  operate  with 
perforated  covers  should  be  provided  with  solid  covers,  wholly 
or  in  part  for  winter  service,  to  keep  out  the  snow  and  water. 
The  application  of  solid  covers  to  these  motors  should  to  a 
large  extent  be  controlled  by  local  conditions,  such  as  maximum 
operating  temperatures  of  motors  and  the  severity  of  the  winter 
as  judged  from  the  average  yearly  snowfall.  In  general,  where 
operating  temperatures  are  as  low  as  55  to  60  degrees  rise,  solid 
covers  should  be  applied  during  the  winter  months  in  localties 
subject  to  snow.  If  operating  temperatures  are  high,  ("5  de- 
grees rise)  and  snowfall  is  light,  the  regular  perforated  covers 
should  be  used  all  the  year  round.  Where  snowfall  is  heavy, 
apply  solid  covers  during  the  winter  months,  disregarding  the 
motor  temperatures. 

MOTOR  DRAIN  HOLES 
These  holes  provided  in  the  bottom  of  the  motor  frame 
casting  to  allow  for  the  proper  drainage  of  water  from  the  in- 
side of  the  motor  quite  often  become  clogged  with  dirt,  snow 
or  ice.  During  the  regular  inspection  period,  these  holes  should 
be  cleaned  out  and  openings  cleared. 

GEAR   CASES 

Gear  cases  are  subjected  to  bumps  and  severe  strains  due 
to  snow  and  ice  between  the  rails,  and  for  this  reason  they 
should  be  made  to  clamp  securely  to  the  supporting  lugs,  by 
keeping  the  clamping  bolts  drawn  up  tight  and  securely  locked. 
The  two  halves  should  be  carefully  fitted  together  to  keep  out 
snow  and  water. 


■AXLE   CAP   AND    MOTOR    FRAME    BOLTS 

•  It  is  very  important  that  all  bolts  on  motors  be  kept  tight 
;ind  securely  locked  to  prevent  parts  from  working  loose,  thus 
allowing  water  to  enter  into  the  motor  frame  and  bearings. 
These  bolts  should  be  carefully  gone  over  and  tightened  at 
each  regular  inspection. 

BEARINGS 

By  giving  careful  attention  to  the  packing  and  oiling  of 
bearings,  using  a  clean  long  fibre  wool  waste  and  a  good  grade 
of  winter  car  oil,  bearing  troubles  will  be  reduced  to  a  mini- 
mum. A  further  great  saving  in  maintenance  and  a  reduction 
in  the  number  of  motor  failures  can  be  obtained  by  a  careful 
and  regular  gauging  of  armature  bearing  wear  with  feeler 
gauges  in  the  air-gap.  Bearings  that  are  worn  approximately 
1-16  inch  should  be  replaced  to  prevent  the  armatures  from  get- 
ting down  on  the  poles  and  damaging  the  windings. 

CAR    WIRING 

All  unprotected  car  wiring  should  be  well  cleated  to  pre- 
vent rubbing,  and  painted  with  a  heavy  asphaltum  paint  to 
keep  out  the  snow  and  water. 

DETAIL    APPARATUS 

The  windings  and  leads  of  all  detail  apparatus  should  be 
thoroughly  painted  with  a  good  grade  of  asphaltum  paint  and 
should  be  provided  with  suitable  tight  fitting  covers  and  guards 
properly  located  to  protect  them  from  snow  and  water. 

AVAILABLE    SPARE    PARTS 

It  has  been  found  b\'  experience  that  it  is  good  practice  to 
keep  in  stock  an  available  supply  of  spare  parts  of  all  appara- 
tus and  detail  parts  to  meet  emergencies.  This  is  especially  im- 
portant at  the  present  time,  owing  to  the  long  delivery  date  for 
spare  parts  forced  upon  the  manufacturer  on  account  of  the 
conditions  of  the  labor  and  material  markets.  It  is  also  well  to 
remember  that  during  these  times,  shipping  facilities  are  not 
very  reliable  and  although  the  material  may  be  available  for 
shipment,  its  delivery  may  be  delayed. 

SNOW   FIGHTING   APPARATUS 

Snow  plows,  sweepers,  ice-scrapers  etc.,  should  be  examined, 
put  in  good  working  condition  and  kept  ready  for  service  at  a 
moment's  notice.  Operators  who  depend  on  passenger  equip- 
ment to  keep  the  roads  clear  of  snow  and  ice  have  experienced 
a  large  number  of  pull-ins,  resulting  in  a  high  maintenance  and 
unsatisfactory'  service  to  the  public. 

Cars  that  are  used  in  bucking  snow  may  do  the  work  with- 
out showing  any  immediate  apparent  injury  to  the  motors,  but 
it  should  be  definitely  understood  that  the  excessive  overheating 
of  the  motors  by  this  overloading,  weakens  the  insulation  of 
the  windings  and  shortens  the  life  of  the  equipment.  This  is 
especially  true  in  the  case  of  cars  equipped  with  light  weig-it 
ventilated  type  motors  which  have  a  lower  overload  rating. 

SYSTEMATIC   PUBLICITY 

A  very  important  consideration  which  is  too  often  over- 
looked in  connection  with  the  operation  of  a  street  railway, 
especiallv  during  the  severe  winter  season,  is  that  of  keeping 
the  goodwill  of  the  traveling  public.  During  these  months 
there  are  a  number  of  existing  conditions  beyond  the  control 
of  the  operating  company,  such  as — 

Extremely   severe  weather. 

Surface   drainage   with   resultant   flooding   ot    streets   and    tracks. 

Congested   street  traflfic. 

Stranded    automobile   trucks. 

Abnormal   labor  conditions. 

Shortage  of  coal. 

These  factors  tend  to  disorganize  the  transportation  de- 
partment and  cripple  the  regular  operation  of  the  cars,  arous- 
ing the  indignation  of  the  public,  who  are  to  a  large  extent  ill- 
advised  or  ignorant  of  the  facts.  By  the  expenditure  of  a  little 
printer's  ink  in  the  form  of  posters,  private  publications  or  ad- 
vertisements in  the  daily  newspapers,  the  truth  regarding  these 
conditions  can  be  brought  forcibly  to  the  attention  of  the 
people,  which  will  result  in  securing  their  co-operation  rather 
than  their  condemnation.  J.  S.  Dean 
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Charging  of  Storage  Batteries  on  Interurban  and  Street 

Railway  Cars 


The  application  of  storage  batteries  for  the  operation  of 
such  apparatus  as  the  main  car  control,  conductor's  signals, 
passenger  buzzer  system,  governor  synchronizing,  marker  lights, 
etc.,  has  been  handicapped  to  some  extent  by  certain  prejudices 
apparently  due  to  the  difficulty  in  maintaining  the  batteries  at 
their  proper  charge. 

In  general,  the  use  of  a  storage  battery  is  only  warranted 
in  cases  where  a  sufficient  number  of  auxiliary  circuits  require 
power  at  a  low  voltage  or  where,  the  operating  conditions  per- 
mit of  the  charging  of  batteries  with  proper  facilities  for  in- 
spection at  road  terminals.  As  a  rule,  very  few  operating  com- 
panies are  equipped  with  the  necessary  apparatus  for  charging 
or  inspecting  batteries.  It  is  also  true  that  in  only  a  few  cases 
are  terminal  accommodations  available. 

CHARGING   ARRANGEMENTS 

Assuming  that  the  above  conditions  are  true  and  that  it  is 
absolutely  essential  that  a  storage  battery  be  used,  either  of  the 
following  schemes  can  be  employed.  In  choosing  one  of  these 
charging  methods,  there  are  several  conditions  which  either 
limit  or  prohibit  the  use  of  either  scheme. 
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In  Fig.  I  the  battery  is  connected  directly  in  the  ground 
side  of  the  compressor  circuit  with  a  double-pole  governor 
switch  breaking  both  sides  of  the  compressor  circuit.  A  hand 
operated  switch  with  its  fuse  is  connected  in  the  high  potential 
side  of  the  circuit  for  cutting  the  compressor  out  of  circuit. 

With  this  method  of  charging,  the  battery  is  cut  out  of  the 
compressor  circuit  by  means  of  the  double  pole  governor 
switch.  The  use  of  this  switch  is  made  necessary  bv  the  pos- 
sibility of  the  compressor  grounding.  Should  such  a  ground 
occur,  it  can  easily  be  seen  that  the  battery  would  soon  dis- 
charge Itself  through  this  ground  were  it  not  for  the  open  cir- 
cuit caused  by  the  double  pole  switch.  The  operation  of  this 
switch  is  controlled  by  the  air  governor. 

This  method  of  charging  has  two  inherently  poor  charac- 
teristics as  follows : — 

First,  when  the  compressor  is  running,  the  voltage  will 
be  somewhat  higher  than  it  is  with  the  compressor  cut  out 
due  to  the  difference  in  the  charging  and  discharging  vol- 
tages. 


Second,  it  is  necessary  for  the  battery  to  carry  the  total 
current  required  by  the  compressor,  which  in  some  cases 
may  be  higher  than  is  required  by  the  battery  for  charging. 
With  the  Edison  battery,  this  fault  is  not  so  serious  as  it  is 
with  a  lead  battery.  Where  the  compressor  current  is 
within  the  range  of  the  battery,  this  defect  disappears. 

The  second  method  of  charging,  as  shown  in  Fig.  2,  does 
not  require  the  double- pole  governor  switch,  but  uses  in  its 
place  a  battery  charging  relay  and  a  bank  of  resistance.  A 
single-pole  governor  switch  is  used  to  operate  the  compressor. 
The  operation  of  this  scheme  is  as  follows : — 

When  the  governor  switch  closes,  the  current  passes  down 
through  the  relay  series  coil  and  resistance  to  ground.  On  be- 
coming energized,  the  relay  coil  operates  a  plunger  on  which 
are  mounted  a  pair  of  contacts.  These  contacts  close  the  cir- 
cuit through  the  battery  to  ground  forming  two  parallel  cir- 
cuits for  the  compressor  current  to  ground.  The  value  of  the 
resistance  is  determined  by  the  compressor  current  and  the  total 
amount  of  charging  required.  This  charging  value  is  obtained 
by  the  amount  of  power  necessary  for  operation  of  apparatus 
for  a  predetermined  length  of  time  relative  to  the  time  the  com- 
pressor is  in  operation. 

As  a  general  rule,  the  compressor  operation  can  be  esti- 
mated at  a  value  some  where  between  35  and  70  percent  of  the 
total  time  the  car  is  in  service  depending  on  several  variables 
such  as  type  of  service,  the  condition  of  the  air  apparatus  and 
the  limit  settings  of  the  governor.  The  over-voltage  feature 
obtained  in  Fig.  i  is  also  obtained  in  this  scheme  as  power  is 
being  drawn  from  the  battery  during  charging. 

There  is  one  method  for  overcoming  the  disadvantage  of 
high  voltage  during  charging,  which  requires  two  batteries  in- 
stead of  one.  A  set  of  two  double-pole,  double-throw  battery 
switches  is  also  required.  With  this  arrangement,  however, 
some  such  scheme  of  operation  as  charging  one  battery  on  the 
even  days  of  the  month  and  the  other  on  the  odd  days  is  nec- 
essarj'.  It  can  be  seen  that  with  this  method  of  charging,  one 
of  the  batteries  will  probably  be  doing  all  of  the  work  any  way, 
as  the  operator  may  neglect  to  throw  the  switches. 

The  proposition  of  using  two  batteries  has  one  distinct  ad- 
vantage over  the  two  schemes  as  described  above  and  that  is 
the  possibility  of  overcharging  a  battery  is  not  so  great  as  with 
one  battery  connected  in  the  circuit  all  of  the  time  the  compres- 
sor is  running.  Overcharging  of  an  Edison  battery,  however, 
is  not  serious. 

The  double  battery  proposition  can  be  used  to  good  advan- 
tage on  properties  where  terminal  charging  facilities  are  avail- 
able. Charging  by  this  method  usually  requires  a  system  of 
records. 

It  sometimes  happens  that  the  compressor  current  is  in- 
sufficient to  give  the  required  charge  to  the  battery.  Where  the 
difference  between  the  charge  and  discharge  is  not  very  great  it 
has  been  found  possible  to  obtain  the  required  charge  by  util- 
izing the  current  from  the  lighting  circuits  connected  in  the 
Iiattery  circuit.  A  few  cases  have  been  noted  where  it  has 
been  found  advisable  to  arrange  an  auxiliary  charging  resist- 
ance of  small  current  capacity  to  be  used  for  charging  over 
night.  H,  R.  Meyer 
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Small  Drying  and  Baking  Ovens 


111  almost  every  industry,  there  is  the  necessity  for  the 
use  of  one  or  more  ovens  for  laboratory  or  experimental  work, 
such  as  for  making  tests  to  determine  the  best  manner  of  bak- 
ing lacquers  or  enamels,  for  drying  samples  of  ores,  ceramics, 
etc.  Usually  the  conditions  under  which  these  experiments 
are  made  are  such  that  space  is  limited  and  it  would  be  waste- 
ful and  expensive  to  use  the  large  ovens  manufactured  for 
commercial  use,  having  oven  heaters  of  standard  design  and 
large  capacity.  Instead,  small  ovens  are  used  which  are  usually 
too  small  to  permit  the  use  of  the  standard  oven  heaters. 

Usually  it  is  necessary  to  provide  for  a  greater  range  of 
temperatures   with   small   ovens   than   with   larger  ones   on   ac- 


walls  which  will  not  buckle,  yet  there  are  no  stiffening  bolts 
extending  through  the  oven  walls  to  conduct  heat  away  from 
the  oven  interior.  A  vent  is  provided  in  the  roof  for  ventila- 
tion, and  a  hole  is  provided  in  one  side  for  the  insertion  of  a 
thermometer 

Four  wide  type  steel-clad  heaters  are  placed  on  the  floor 
of  the  oven  and  four  against  the  roof.  Since  these  heaters 
are  only  three-sixteenths  inch  thick,  they  take  up  but  little  room. 
Each  heater  is  rated  at  igo  watts,  no  volts  and  the  oven  at 
1520  watts,  no  volts.  The  heating  equipment  is  sufficient  to 
provide  oven  temperatures  of  from  approximately  300  degrees 
maximum  to  100  degrees  C.  minimum. 

Automatic  temperature  regulation  by  means  of  a  thermo- 
stat and  magnet  switch,  as  illustrated  in  Fig.  2  is  preferable, 


FIG.    1 — TYl'lCAI.    SM,\LL    DRYING    AND    BAKING    OVEN 

count  of  the  experimental  uses  to  which  they  will  be  put.  Of 
course,  the  design  of  the  oven  depends  on  its  use,  the  need 
for  ventilation,  the  amount  and  kind  of  material  to  be  heated, 
the  temperature  to  be  maintained,  the  time  in  which  it  is  re- 
quired to  heat  the  material,  etc. 

An  example  of  a  typical  small  oven  for  drying  and  baking 
samples  of  ceramics  is  shown  in  Fig.  I.  It  is  18  inches  by  18 
inches  by  18  inches,  inside  dimensions.  It  consists  of  an  inner 
shell  of  one-thirty-second  inch  black  iron,  an  outer  one  of 
one-thirty-second  inch  galvanized  sheet  iron  with  a  three  inch 
space  between  the  two  shells  filled  with  thermal  insulation.  A 
door  occupies  the  entire  front  of  the  oven,  and  is  constructed 
with  an  inner  and  outer  wall  of  thin  sheet  iron  and  a  three 
inch  space  filled  with  thermal  insulation.  The  door  is  well 
constructed  so  as  to  leave  no  cracks  when  closed  for  the  escape 
of  heat.    The  entire  oven  is  so  constructed  as  to  have  strong 
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FIG.     2 — CONNECTIONS     FOR 
AUTOMATIC   CONTROL 


FIG.      3 — CONNECTIONS     FOR 
NON-AUTOMATIC    CONTROL 


since  any  temperature  up  to  the  maximum  obtainable  can  be 
obtained  and  automatically  maintained  simply  by  setting  the 
thermostat.  Since  the  thermostat  cost  is  appreciable  compared 
with  the  cost  of  the  oven  and  the  heaters  of  this  type,  some 
non-automatic  control  is  sometimes  preferred.  The  require- 
ments of  the  oven  are  such  that  the  maximum  rating  of  IS-'O 
watts  permits  the  use  of  an  auto-transformer  type  sign  light- 
ing economy  coil  and  the  switching  arrangement  shown  in 
Fig.  3  provides  a  satisfactory  temperature  control.  ^  Table  I 
indicates  the  approximate  inputs  obtainable  in  this  typical  oven. 
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r\V9.  subscribers  are  invited  to  use  this  department  as  a  mcms  of  sccunn,; 
^-lutSic  information  on  electrical  and  nncchanical  subjects  The  topics 
should  be  of  General  interest;  information  mx;<,lMni!  the  specific  dcs.«n  of 
ndividuaf  p°eces  of  apparatus  is,  no.  supplied  Care  should  be  used  to 
include  all  data  necessary  for  an  intelliKent  ansucr. 


A  PERSONAL  renly  is  mailed  to  eacli  questioner  enclosini;  a  stamped,  self 
addressed  en\'e[ope  as  soon  as  the  necessary  information  can  he  obtained. 
Anonymous  <)uestions  cannot  be  considered.  As  each  question  is  answered 
by  an  expert  on  the  subject  involved,  and  checked  by  at  least  two  others, 
a  reasonable  length  of  time  should  be  allowed  before  expectinj;  an  answer. 


1643— A  LTERNATOR    PHENOMENON— I 

notice  that  when  two  similar  12-pole 
alternators  are  so  located  that  a  liiie 
of  sight  can  be  had  through  their 
fields  there  is  apparently  no  relative 
movement  of  the  field  coils  at  syn- 
chronous speed.  Any  slight  variation 
in  speed  is  noticeable  by  the  move- 
ment of  poles  either  forward  or 
backwards.  I  further  notice  that  in 
shutting  down  either  machine  there 
is  the  same  phenomenon  as  at  syn- 
chronous speed,  this  happening  at 
least  three  times  before  the  final 
stopping  of  the  machines.  Please  ex- 
plain the  reason  for  the  above  action 
and  tell  what  the  other  speeds  are 
where  no  movement  is  noticeable. 
Will  higher  speeds  give  the  same  re- 
sults? J.H.B.   (WYO.) 

This  is  the  same  phenomenon  that  is 
produced  when  the  wheels  of  a  buggy 
or  automobile  are  seen  through  a  picket 
fence.  It  is  most  noticeable  in  a  power 
house  when  a  rotating  field  alternator 
is  seen  at  night  by  the  light  from  an 
enclosed  carbon  arc  lamp  which  is  fed 
from  the  bus-bars  to  which  the  alter- 
nator is  connected.  The  poles  appear 
to  stand  still,  although  the  spider  ap- 
pears to  be  rotating  as  usual.  If  several 
alternators  are  in  parallel  and  any  hunt- 
ing occurs,  the  poles  which  normally  ap- 
pear stationary  seem  to  swing  back 
and  forth,  making  the  hunting  evident 
visually.  This  phenomenon  is  fre- 
i^uently  made  use  of  by  the  engineer  in 
bringing  the  alternators  to  synchronism. 
This  is  also  the  principle  that  is  used  in 
stroboscopic  methods  of  measuring  the 
slip  of  induction  motors.  (See  article 
on  this  subject  in  the  Journal  for  July 
1913.  P-  699.)  It  is  produced  in  the 
case  of  the  arc  lamp  by  the  fact  that  the 
light  is  fluctuating  in  synchronism  with 
the  poles,  so  that  the  maximum  light 
occurs  always  at  the  same  instant  that  a 
pole  is  in  a  given  position.  The  pole, 
being  seen  less  clearly  in  other  positions, 
is  apparently  seen  in  only  the  one  posi- 
tion. Hence  it  apparently  stands  still. 
When  looking  between  the  poles  of  one 
alternator  at  those  of  another  when  the 
machines  are  in  synchronism  the  view 
of  the  farther  poles  is  cut  off  from  the 
vision  except  when  they  are  in  certain 
constant  positions.  This  is  independent 
of  the  number  of  poles  if  the  machines 
are  of  the  same  frequency,  as  the  same 
number  of  poles  pass  a  given  point  per 
second.  When  the  farther  machine  is 
slightly  below  synchronism  the  intervals 
at  which  the  poles  are  seen  occur  faster 
than  the  rotation  of  the  farther  poles, 
hence  these  poles  appear  to  rotate  back- 
ward. This  same  phenomenon  occurs 
with  less  distinctness  when  one  of  the 
machines  is  rotating  at  approximately 
half  synchronous  speed,  as  in  this  case 
every  other  pole  is  seen  or  else  each 
pole  is  seen  between  every  alternate 
space;  and  it  also  occurs  with  still  less 
distinctness  with  other  even  multiple 
speeds: — as  for  example  %,  %,  %,  or 
Vi  synchronism;  or  1%,  1%  or  2  times 


synchronism.  In  these  latter  cases  the 
machine  appears  to  be  rotating  forward 
when  it  is  slightly  above  an  even  frac- 
tion of  synchronous  speed  and  backward 
when  slightly  below  the  even  fraction. 

C.R.R. 

1644— Manufacture  of  Hydrogen — We 
are  about  to  build  a  plant  for  decom- 
posing water  to  furnish  gases  for  our 
oxy-hydrogen  welding  but  before  do- 
ing so  are  in  need  of  some  informa- 
tion. According  to  Faraday's  lawsof 
quantitive  electrolysis  the  following 
should  work  out.  If  one  cell  with 
five  ohms  internal  resistance  is  con- 
nected in  a  ten  volt  circuit,  a  current 
of  two  amperes  should  flow  through 
it  and  this  then  should  liberate  2  times 
0.000010352  equals  0.000020704  grams 
of  hydrogen  for  every  second  the  cur- 
rent is  on.  Is  this  correct?  Now  say 
five  electrolytic  cells  whose  internal 
resistance  is  one  ohm  each  are_  con- 
nected in  series  in  a  ten  volt  circuit. 
A  current  of  two  amperes  will 
flow  through  these  five  cells  ^  and 
0.000020704  grams  of  hydrogen  will  be 
liberated  in  each  of  these  cells  for 
every  second  the  current  is  on,  or 
0.000103520  grams  of  hydrogen  would 
be  liberated  by  the  five  cells  per 
second.  The  power  required  will  be 
the  same  (20  watts)  for  one  cell  as 
for  five  cells,  will  it  not?  Two  of  our 
engineers  claim  that  the  five  cells  will 
not  liberate  any  more  hydrogen  than 
the  one  unless  they  have  more  cur- 
rent and  that  is  not  true  I  believe. 

F.B.M.    (MICH.') 

The  figures  given  are  essentially  cor- 
rect. The  amount  of  hydrogen  evolved 
will  depend  on  the  current  per  pair  of 
plates.  A  number  of  low  resistance 
cells  in  series  will  of  course  produce  or 
evolve  more  gas  than  one  small  high 
resistance  cell  carrying  the  same  cur- 
rent. In  the  latter  case  the  remainder 
of  the  energy  would  go  into  heat  and 
evaporate  the  water  as  well  as  be  lost 
in  radiation.  There  must  of  course  be 
a  minimum  voltage  per  cell  which 
should  not  be  less  than  about  two  volts. 
This  is  due  to  the  fact  that  the  dissocia- 
tion of  water  requires  a  certain  e.m.f. 
in  addition  to  the  resistance  of  the  elec- 
trolyte which  produces  the  same  effect 
as  a  counter  c.ni.f.  Thus  at  least  1.5 
volts  per  cell  is  required  to  produce  any 
current  whatever;  and  voltage  in  excess 
of  this  produces  a  much  larger  increase 
of  current  than  is  proportional  to  the 
increase  in  voltage.  In  other  words  in 
determining  the  current  from  the  resist- 
ance of  the  circuit,  the  e.m.f.  required 
to  produce  dissociation  must  be  sub- 
tracted from  the  applied  e.m.f.  before 
using  Ohm's  law.  It  is  assumed  that 
the  above  example  is  to  bring  out  the 
principles  involved  rather  than  actual 
practice,  as  much  larger  currents  than 
stated  are  required  to  produce  gas  on  a 
commercial  basis.  r.p.j. 

1645 — Flexible  Coupling  for  Induction 
Motor — Where  the  question  of  start- 


ing current  is  important  would  the 
maximum  instantaneous  starting  cur- 
rent be  appreciably  reduced  by  con- 
necting a  squirrel-cage  induction 
motor  to  its  load  by  means  of  a 
flexible  coupling?  I  have  in  mind  a 
flexible  spring  coupling  which  would 
permit  considerable  angular  displace- 
ment between  its  two  halves.  In  rny 
opinion  energy  could  be  stored  up  in 
the  spring  for  a  very  short  interval  of 
time  until  the  point  of  motion  was 
reached  when  the  spring  could  assist 
the  motor  in  producing  motion  with 
less  current.  The  total  electrical  con- 
sumption would  probably  be  the  same 
but  I  am  very  anxious  to  get  your 
opinion  as  to  the  reduction  in  the 
starting  current  by  using  a  coupling 
of  this  type.  g.h.m.  (alberta) 

The  maxiinum  instantaneous  value  of 
the  current  would  not  be  aff'ected  by  the 
nature  of  the  mechanical  connection  to 
the  load.  The  only  effect  of  such  a 
coupling  as  described  would  be  to 
change  the  time  for  which  the  maximum 
value  existed.  The  locked  value  of  the 
current  would  be  reached  in  any  case 
but  it  might  decrease  at  a  faster  or 
slower  rate  depending  on  the  nature  of 
the  load,  friction,  connection  to  the  load, 
etc.  Devices  of  the  kind  mentioned  are 
of  no  practical  value  so  far  as  relieving 
the  supply  circuit  during  the  starting 
period  is  concerned.  a.m  d. 

1646 — Reversing  Rotation — We  desire 
to  reverse  the  direction  of  rotation  of 
a  IS  k.v.a.  alternator,  as  _  a  new 
engine  is  being  installed,  which  runs 
in  the  opposite  direction  from  the 
old  one.  The  position  of  the  alter- 
nator cannot  be  changed  without  re- 
arranging the  entire  plant.  The 
alternator  has  a  small  exciter  belted 
to  it.  Kindly  advise  what  changes 
are  necessary  so  that  the  alternator 
can  he  used  with  the  new  engine. 
G.L.H.    (ill.) 

If  the  above  generator  is  a  single- 
phase  machine,  or  if  it  is  a  polyphase 
machine  having  no  polyphase  motor 
load,  no  change  whatever  in  generator 
connections  is  necessary.  In  case  it 
does  supply  polyphase  motors,  a  change 
in  connections  should  be  made  to  avoid 
reversing  the  direction  of  rotation  of 
the  connected  motors;  if  three-phas'", 
interchange  any  two  of  the  .T;enerator 
leads;  if  two-phase  interchange  the  two 
leads  of  either  phase.  The  changed 
engine  rotation  will  affect  the  exciter. 
To  make  the  exciter  voltage  build  up 
with  the  reversed  direction  of  rotation 
and  to  maintain  the  correct  polarity  of 
the  series  winding,  it  would  be  neces- 
sary to  interchange  the  shunt  field  leads 
and  also  the  series  field  leads,  or  else 
reverse  the  exciter  armature  leads. 

F.L.M. 

1647 — CoMMLiTATiNG  PoLES — If  a  direct- 
currcnt  machine  is  "floated"  on  the 
circuit,  becoming  motor  and  generator 
alternately,  said  machine  having  com- 
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mutating  poles  connected  as  usual  in 
series  with  the  armature,  would  the 
commutating  poles  not  be  worse  than 
useless?  h.f.w.   (col.) 

Suppose  a  commutating-polc  dynamo 
has  been  operating  as  a  generator,  and 
now  changes  to  motor  operation  or 
vice  versa.  This  means  a  reversal  in 
the  direction  ol  flow  of  current  through 
the  machine.  Since  the  commutating 
winding  and  armature  are  in  series,  the 
magnetomotive  force  of  the  com- 
mutating coil  still  opposes  that  of  the 
armature.  The  excess  of  commutating 
coil  over  armature  ampere-turns,  being 
reversed  in  direction,  sets  up  a  reversed 
flux  across  the  commutating-pole  air- 
gap  ;  and  the  electromotive  force  gener- 
ated by  this  flux  is  reversed.  But  this 
reversal  is  just  what  is  required,  since 
the  reactance  voltage  in  the  coils  under- 
going commutation,  also  has  reversed. 
Hence,  the  commutating  pole  is  equally 
effective  daring  generator  action  and 
during  motor  action.  For  this  reason, 
the  commutating-pole  machine  is  just 
the  type  to  use  under  such  a  condition 
as  that  named  above.  The  action  of  a 
commutating-pole  winding  must  not  be 
confused  with  that  of  a  series  field 
winding.  f.l.m. 

1648 — COMMUTATTON — A     500     k.W.,     250 

volt  direct-current  generator  is 
coupled  directly  to  a  720  hp,  three- 
phase,  60  cycle,  2300  volt,  514  r.p.m. 
synchronous  motor.  It  is  desired  to 
run  them  inverted,  but  after  revers- 
ing the  series  w'indings  on  the  direct- 
current'  hiachine  it  runs  badly  at  the 
brushes  atid  th'rofws  fire  at  loads  above 
1200  amperes.  It  ran  badly  as  a  gen- 
erator, but  is  "woTSe  as  a  motor.  The 
pole  pieces  are  very  close  together 
and  the^  iIEuH*al  points  on  the  com- 
■  mutator  are  very  narrow.  At  240 
volts  on  brushes  and  all  resistance 
cut  out  of  the  shunt  field,  the  rna- 
chine  runs  at  a  speed  corresponding 
to  53  cycles  and  takes  1200  amperes. 
The  air-gaps  are  about  seven-sixteenth 
inch.  Do  you  not  think  comiuutation 
w-ould  be  improved  by  increasing  the 
air-gaps  to  one-half  inch?  The  ma- 
chine has  no  commutating  poles  nor 
is  there  room  to  put  them  on. 

H.F.W.  (COI-.) 

The  poorer  commutation  observed 
when  operating  the  machine  as  a  motor 
than  when  operating  it  as  a  generator, 
is  due  likely  to  the  flux  being  less  in 
motor  operation  and  therefore  the  field 
weaker.  Increasing  the  air-gap  would 
require  an  increase  in  the  field  strength, 
and  for  this  reason  it  would  tend  to 
improve  the  commutation.  From  the 
data  given  above,  it  would  appear  that 
the  bad  commutation  is  largely  due  to 
the  very  narrow  neutral  zone.  If  this 
is  true,  the  most  effective  way  to  ob- 
tain improvement  would  be  to  widen 
the  neutral  zone.  This  could  be  done 
by  cutting  a  notch  in  the  side  of  the 
pole  just  above  the  pole  tip,  or  by  put- 
ting a  strong  bevel  on  the  edge  of  the 
pole,  or  if  the  poles  are  of  the  cast-in 
type,  by  drilling  a  hole  through  the  pole 
near  to  the  tip.  The  manufacturer  of 
the  machine  should  be  consulted  before 
any  attempt  is  made  to  carry  out  these 
suggestions.  f.l.m. 

1640 — Reversal  of  Pol.vrity — Our  new 
1000  k.W.  turbine  gear-driven  direct- 
current  generator  having  commutat- 
ing poles  and  compensating  wind- 
ings, has  given  us  some  trouble  by 
suddenly   reversing  when   running   in 


multiple  with  other  machines.  Is  it 
not  true  that  direct-current  generators 
having  compensating  windings  pass- 
ing through  the  pole  pieces  very  near 
to  the  armature,  are  very  sensitive  to 
reversals  of  their  polarity  by  a  re- 
versing current  from  another  machine 
passing  through  their  compensating 
windings?  h.f.w.   (col.) 

We  understand  the  writer  to  mean  a 
sudden  change  from  gc-nerator  operation 
to    motor    operation,    instead    of    a    re- 


Armaturc  Current 
FIG.    1649(a) 

versal  of  polarity  at  the  generator  ter- 
minals. The  action  that  really  occurs 
is  that  one  or  more  of  the  non-com- 
pensated machines  in  parallel  with  the 
compensated  machine,  suddenly  changes 
from  generating  to  motoring,  upon  a 
large  falling  off  in  load.  This  is  due 
to  the  inherent  difference  in  the  com- 
pounding characteristics  of  the  two 
types  of  machines.  The  compounding 
curve  of  the  non-compensated  machine 
is  not  a  straight  line,  but  is  curved  as 
indicated  at  AB,  Fig.  (a).  On  the 
other  hand,  the  compounding  curve  of 
a  compensated  generator  is  practically 
a  straight  line,  as  indicated  by  CD. 
Suppose  the  load  at  one  moment  is  such 
that  one  machine  is  operating  at  the 
point  E,  and  the  other  at  the  point  P. 
and  then  the  load  falls  to  a  low  value, 
the  voltage  of  the  non-compensated 
generator  then  drops  below  that  of  the 
other,  which  causes  a  circulating  cur- 
rent between  the  two  machines,  increas- 
ing the  load  on  the  compensated  gener- 
ator and  causing  the  other  machine  to 
operate  as  a  motor.  Thus,  this  pheno- 
menon is  not  due  to  a  sensitiveness  in 
the  compensated  generator,  but  is  due 
to  its  better  inherent  compounding  char- 
acteristics. F.L.M. 

,650— Field  Discharge  Switch— Is  it 
possible  to  use  a  two-pole,  double- 
throw  reversing  switch  in  the  field  of 
a  225  hp  motor  arranged  with  dis- 
charge clips  and  connected  in  such  a 
way  that  only  one  discharge  resistance 
is  used  to  absorb  the  vicious  arc  that 
results  when  the  circuit  is  interrupted, 
bearing  in  mind  of  course,  that  the 
motor    rotation    is    changed    by    this 


Field  Dis-harpe  Resistor 
FIG.    1650(a) 

switch?  If  this  cannot  be  accom- 
plished by  the  use  of  a  double-pole, 
double-throw  switch,  please  show  how 
it  can  be  accomplished.  f.g.f.  (ohio) 
As  the  motor  rotation  is  to  be  re- 
versed by  reversing  the  field  excitation 


it  is  assumed  that  the  motor  is  a  shunt- 
wound  direct-current  machine.  The 
two  pole,  double  throw  field  switch  with 
one  discharge  resistance  should  be 
connected  as  indicated  in  Fig.  (a),  which 
shows  onl\-  the  connections  for  field  re- 
versing without  regard  to  other  control 
connections.  It  is  assumed  that  a  field 
discharge  resistance  suitable  for  the  ser- 
vice will  be  used.  .  l.v.h. 

1651— Copper  Zixc  Solder — In  the 
answer  to  1525,  a  copper-zinc  alloy 
was  suggested  as  a  good  high  melting 
point  solder  for  use  in  alternating- 
current  rotor  work.  Can  you  advise 
the  composition  of  this  material,  also 
the  method  of  application,  whether 
with  blow  torch  or  solder  iron  ? 

g.b.w.  (Utah) 
The  copper  zinc  alloy  referred  to  is 
probably  50  percent  zinc  and  50  percent 
copper,  or,  in  other  words,  ordinary 
brazing  solder.  It  is  customary  to  use 
a  flux  of  borax  and  on  account  of  the 
high  melting  point  of  the  solder,  solder 
iron  cannot  be  used  but  the  work  must 
be  done  with  a  blow  torch.  The  flux  is 
dissolved  in  water  and  used  as  a  water 
solution  because  if  it  is  used  as  a 
powder  too  much  is  generally  used  and 
the  excess  is  diflicult  to  remove  from 
the  brazed  joint.  Jl.J. 

1652  —  Resistance  of  Metals  —  The 
writer  is  interested  in  learning  the  re- 
lative resistance  of  the  following 
metals; — copper;  steel — o.io  to  0.15 
percent  carbon ;  steel — 0.50  to  0.75  per- 
cent carbon  ;  steel — 3.5  percent  nickel 
and  0.35  percent  carbon.  Also  how- 
does  the  resistance  of  vanadium  steels 
compare  with  carbon  steels? 

j.B.c.     (Ohio") 

The  resistance  of  standard  copper  as 
adopted  by  the  Bureau  of  Standards  is 
1.724  microhms  per  centimeter  cube. 
Steel  containing  o.io  to  0.15  percent 
carbon  will  have  a  resistivity  between 
II  and  13  microhms  per  centimeter  cube 
depending  upon  the  nature  and  amount 
of  other  elements  present,  such  as 
manganese,  silicon,  etc.  Steel  with  0.5 
to  0.7  percent  carbon  will  have  a  re- 
sistivity between  14  and  16  microhms 
per  centimeter  cube  depending  as  above 
upon  the  nature  and  amount  of  other 
elements  present.  Nickel  steel  with  3.5 
percent  nickel  and  0.35  percent  carbon 
will  have  a  resistivity  between  20  and  22 
microhms  per  centimeter  cube.  The 
usual  commercial  vanadium  steels  con- 
tain only  fractional  percentages  of  vana- 
dium, and  the  increase  in  resistivity  due 
to  the  vanadium  is  slight.  The  values 
given  above  are  for  annealed  steels  at 
ordinarv  temperatures  in  (20  degrees 
C  )  More  exact  figures  cannot  be 
given,  for  the  resistivity  is  influenced 
by  impurities  and  heat  treatment. 
Quenching  from  a  high  temperature  in 
general  increases  the  resistivity.  The 
changes  will  range  from  three  to  five 
percent  in  low  carbon  steels,  and  in 
high  carbon  steels  may  reach  more  than 
100  percent.  Tempering  lowers  the  re- 
sistance of  hardened  steels.  p.h.b. 

1653 — Totalizing  Meter — Is  it  possible 
without  appreciable  error  to  record 
the  total  energy  in  two  or  more 
feeders  with  one  watthour  meter  as 
shown  in  Fig.  (a)  ?  The  motors  will 
varv  in  size  and  will  not  all  operate 
at  the  same  time,  the  service  being 
intermittent.  It  is  not  possible  to 
combine  all  feeders  to  a  common  bus- 
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bar  and  use  one  set  of  current  trans- 
formers due  to  the  excessive  cost  of 
the  wiring.  The  energy  to  all  motors 
is  supplied  from  one  generating 
system.  One  meter  to  each  feeder 
would  require  too  many  meters  as 
there  will  be  about  twenty  groups. 

C.T.P.     (CAL.) 

This  question  is  answered  completely 
with  diagrams  by  No.  1466.  The  dia- 
grams in  No.  1466  are  for  single-phase 
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circuits  but  the  same  principles  apply 
also  to  polyphase  circuits.  The  most 
satisfactory  scheme  is  to  put  current 
transformers  of  the  same  ratio  of  cur- 
rent transformation  in  all  of  the  differ- 
ent feeders  and  then  connect  the  trans- 
former secondaries  in  parallel  through 
the  meter  coils.  In  this  case  it  is  neces- 
sary to  have  a  meter  of  sufficient  cur- 
rent capacity  to  carry  the  sum  of  the 
currents  in  the  transformer  secondaries. 
It  is  of  course  necessary  that  all  the 
transformers  be  of  the  same  ratio  and 
that  the  transformers  which  are  con- 
nected in  parallel  should  be  in  the  same 
phase  of  the  feeder  circuit.  It  is  neces- 
sary to  asume  that  the  voltage  is  the 
same  in  all  the  feeders  in  which  case 
the  potential  coils  of  the  meter  can  be 
connected  to  any  feeder.  c.r.r. 

1654 — Short-Circuit  Test — A  test  was 
run  on  one  of  our  13  500  k.v.a.,  60 
cycle,  6600  volt  generators.  The  first 
test  was  made  with  all  three  phases 
short-circuited.  These  generators  are 
Y  connected  and  voltage  during  this 
test  was  measured  beween  the  neutral 
and  the  short-circuit.  The  voltmeter 
showed  approximately  300  volts.  The 
short-circuit  test  was  then  made  with 
a  single-phase  short-circuit  and  the 
voltage  was  again  measured  both 
from  the  neutral  to  the  short-circuit 
and  also  to  the  open  circuited  ter- 
minal. The  voltage  from  the  neutral 
to  the  short-circuited  terminal  was 
approximately  1200.  The  voltage 
from  the  neutral  to  the  open-circuited 
terminal  was  about  1800  volts.  The 
question  now  arises,  why  was  there 
any  voltage  on  the  three-phase  short- 
circuit  test  since  it  would  appear  that 
the  voltage  generated  would  all  be 
consumed  in  forcing  current  through 
the  winding  itself  and  would,  there- 
fore, not  show  in  the  voltmeter.  I 
might  further  say  that  the  reactance 
y°]tagc  was  approximately  600  volts. 
Why  should  there  be  so  much  differ- 
ence between  the  single-phase  and 
three-phase  voltages? 

S.A.F.       (ALA.) 

(i)  In  an  alternating-current  gener- 
ator, the  resultant  of  the  main  field 
and  the  armature  field  is  a  field  form 
which  may  generate  a  large  third  har- 
mcDnic  voltage,  depending  upon  the  re- 
lative strength  of  the  armature  and  the 
field.  This  third  harmonic  voltage 
exists     in     each     phase,     and     can     be 


measured  frmn  miitral  to  terminal  but 
across  the  termiiuiK  the  third  harmonic 
voltages  oppose  each  other  and  cancel 
out.  Thus,  when  the  terminals  are 
short-circuited,  the  third  harmonic 
voltages  do  not  circulate  current  and 
these  voltages  still  appear  between 
neutral  and  terminal.  (2)  On  a  single- 
phase  short-circuit,  in  addition  to  the 
third  harmonic  generated  by  the  re- 
sultant field,  there  is  another  third 
harmonic  voltage  set  up  by  the  double 
frequency  current  in  the  rotor,  the  re- 
sult of  the  single-phase  pulsating  load. 

TABLE  I. 
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This  explains  the  higher  voltage  ob- 
tained on  sigle-phase  than  on  polyphase 
short-circuit.  (3)  This  voltage  from 
neutral  to  terminal  on  short-circuit  ex- 
ists in  many  generators.  Results  on 
two  machines  tested  on  single-phase 
short-circuit  with  full-load  current  are 
given  in  Table  I.  These  figures  would 
indicate  that  on  the  machine  in  question 
the  voltage  from  neutral  to  the  short- 
circuited  terminal  was  high  as  compared 
with  the  voltage  from  neutral  to  the 
open-circuited  terminal.  Otherwise,  the 
results  are  as  should  be  expected. 

R.A.M.    AND    S.L.H. 

1655— Meter  Connection — With  two 
transformers  connected  open  delta  as 
shown  in  Fig.  (a),  will  the  power 
consumed  by  the  motor  be  equal  to 
V7~timcs  the  reading  on  the  single 
wattmeter?  e.m.b.    (w.\sh.) 

The  power_  consumed  by  the  motor 
will  equal  VJ~  times  the  reading  on  the 
wattmeter  shown  in  Fig.  (a)  only  if  the 
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load  is  balanced  and  the  power-factor 
is  unity.  It  is  impracticable  to  measure 
three-phase  power  with  only  one  single- 
phase  wattmeter.  c.r.r. 

1656 — Synchronous  Motor — We  have 
tried  to  operate  a  75  kw,  60  cycle,  220 
volt  alternator  as  a  synchronous 
motor,  starting  it  as  an  induction 
motor  with  the  direct-current  fields 
short-circuited.  It  stuck  at  half  speed 
and  we  have  been  imable  to  get  it  by 
that  point.  It  has  six  field  poles  and 
approximately  40  slots  in  the  stator. 
If  the  field  should  be  provided  with 
copper  grids  for  assistance  in  start- 
ing, would  there  be  any  guarantee 
that  the  motor  would  come  up  to  1200 
r.p.m.  ?  Can  you  suggest  any  other 
way  than  belting  a  small  induction 
motor  to  the  larger  motor  and  using 
it  for  starting  s.a.f.  (ala.) 

The  fact  that  the  machine  comes  up 
to  one-half  speed,  and  no  further,  indi- 
cates that  the  action  may  be  similar  to 
an  induction  motor  with  a  three-phase 
primary  winding  and  a  single-phase 
secondary  winding,  which  will,  under 
this    condition,    actually    run    at    one- 


half  normal  speed.  The  short-circuited 
direct-current  field  windings  form  a 
single-phase  secondary  winding.  At 
the  instant  voltage  is  applied  to  the 
armature  of  the  machine,  when  it  is 
started  as  an  induction  motor,  a  pulsat- 
ing voltage  and  hence  current  is  in- 
duced in  the  short-circuited  field  wind- 
ings which  is  of  normal  line  frequency. 
This  pulsating  current  sets  up  a  pulsat- 
ing magnetic  field  corresponding  in  fre- 
quency to  the  slip,  or  difference  in  the 
actual  and  synchronous  speed  of  the 
machine.  Therefore,  as  the  machine 
speeds  up,  the  frequency  of  this  pulsat- 
ing field  gradually  decreases  from  line 
frequency  at  stand-still  to  zero  fre- 
quency at  synchronous  speed.  Then  at 
one-half  speed,  there  will  be  a  pulsating 
field  of  one-half  frequency  set  up  by  the 
short-circuited  field  windings.  This 
pulsating  field  alone  will  generate  a 
counter  e.m.f.  of  one-half  normal  fre- 
quency in  the  armature  winding.  Since 
the  field  poles  are  also  rotating  me- 
chanically at  one-half  normal  speed, 
with  respect  to  the  armature  an  addi- 
tional voltage  of  one-half  normal  fre- 
quency will  be  generated  in  the  arma- 
ture windings.  Hence,  the  result  is  a 
counter  e.m.f.  of  normal  frequency  gen- 
crated  in  the  armature  winding.  This 
may,  perhaps  be  more  readily  appre- 
hended by  considering  (according  to  a 
well-known  theorj')  the  single-phase 
pulsating  field  to  be  resolved  into  two 
fields  of  the  same  frequency  and  one- 
half  the  magnitude  of  the  pulsating  field, 
and  to  be  rotating  in  opposite  djrfictions. 
Then  the  revolving  field.  ,rota ting  in  the 
opposite  direction  to  %ine~  mechanically 
rotating  field  magnet,  will  have  a  fre- 
quency of  one-half  nornial  minus  one- 
half  normal  equals  zero. with  respect  to 
the  armature,  while  the  revolving  field 
rotating  in  the  same  direction  as -the' 
mechanically  rotating  field  magnet  will 
have  a  frequency  of  one-half  normal 
plus  one-half  normal  equals  normal 
with  respect  to  the  armature.  Hence 
one  field  ceases  to  exist  while  the  other 
field  rotates  at  normal  frequency  with 
respect  to  the  armature  winding  and 
generates  a  counter  e.m.f.  of  normal 
frequency  in  it.  Tharefore,  the  ma- 
chine will  run  at  one-half  speed  as  a 
synchronous  motor,  unless  the  torque  as 
an  induction  motor,  with  the  pole  face 
as  the  secondary  winding  is  sufficient  to 
pull  it  by  this  point.  It  seems  then 
that  it  may  be  possible  to  bring  the 
machine  up  to  synchronous  speed  by 
having  the  field  windings  open-circuited, 
so  as  to  eliminate  the  action  of  the 
single-phase  secondary  winding.  How- 
ever, there  is  danger  of  excessive  volt- 
age being  generated  in  the  field  wind- 
ings which  may  damage  the  insulation. 
It  may  be  possible  to  bring  the  machine 
up  to  speed  by  short-circuiting  the  field 
through  a  very  high  resistance,  which 
would  be  preferable  in  view  of  the  high 
voltage  which  may  he  generated,  to  hav- 
ing the  field  entirely  open-circuited.  Or 
it  may  even  be  possible  to  start  the  ma- 
chine with  the  field  windings  short-cir- 
cuited, so  as  to  prevent  a  dangerous 
voltage  with  an  arrangement  to  open 
the  field  circuit  (through  a  discharge 
resistance)  when  the  machine  reaches 
anproximately  one-half  speed.  If,  after 
starting  the  machine  as  just  outlined,  it 
still  fails  to  come  tin  to  speed,  it  would 
seem  that  the  trouble  is  simplv  due  to 
insufficient  torque.  The  alternator  with- 
out a  damper  winding  in  its  pole  face, 
is  comparable  to  an  induction  motor 
with  a  high  resistance  secondary  wind- 
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ing,  and  hence  may  have  its  maximum 
starting  torque  at  a  low,  or  possibly 
negative  speed.  Therefore,  when  the 
machine  is  started  as  an  induction 
motor,  its  torque  falls  off  as  the  speed 
increases,  and  to  such  an  extent  that  it 
is  not  sufficient  to  bring  the  machine  up 
to  synchronous  speed.  If  this  is  the 
case,  the  trouble  could  probably  be 
remedied  by  the  construction  of  a  suit- 
able damper  winding  in  the  pole  faces 
of  the  mnchine.  This  winding  should 
consist  of  copper,  or  brass  bars  in  the 
pole  faces  bolted  to  copper  end  rings, 
which  arc  themselves  bolted  together 
between  poles.  A  winding  of  this  con- 
structiifti  should  be  of  low  enough  re- 
sistance to  give  sufficient  torque  to  pull 
the  machine  by  the  one-half  speed  point, 
and  up  to  synchronism  and  also  still  be 
of  high  enough  resistance  to  give  suffi- 
cient torque  to  start  it,  provided  it  does 
not  have  to  deliver  any  excessive  start- 
ing or  pull-in  torque,  due  to  load  condi- 
tions. M.w.s. 

1657 — Induction  Motor  Windings — 
What  are  the  comparative  advantages 
of  star  and  delta  connections  for  the 
primary  windings  of  three-phase  in- 
duction motors?  When  are  wave 
windings  used  for  induction  motor 
primaries?  A  series  delta  connected 
induction  motor  has  an  open  circuit 
in  the  winding  of  one  phase.  Will  the 
motor  operate  open  delta  and  how  will 
its  performance  be  affected? 

G.F.   (III.) 

The  advantages  claimed  for  delta  con- 
nection are  for  the  most  part  not 
practical  and  as  a  result  the  greater  per- 
centage  of   motors    are   star   connected. 


It  is  claimed  for  a  delta  connection  that 
the  motor  can  be  operated  with  one 
phase  burned  out  and  that  squirrel-cage 
motors  can  be  connected  in  star  for 
starting  and  delta  for  running,  thus 
getting  away  from  the  use  of  autotrans- 
formers.  The  disadvantage  of  the  delta 
connection  is  that  it  required  1.73  times 
as  many  conductors  in  the  coils  as  does 
the  star  for  a  given  voltage  and  this 
results  in  a  more  expensive  coil  and  one 
less  rugged  mechanically.  The  use  of 
the  star-delta  connection  for  starting  is 
limited  for  the  reason  that  the  starting 

torque  developed  is  only  (       —  )  =  % 

of  the  value  when  full  voltage  is  applied 
and  this  restriction  confines  its  use  to 
applications  where  the  starting  condi- 
tions are  fairly  easy.  Wave  windings 
are  seldom  employed  in  primaries  for 
the  reason  that  they  are  not  readily 
paralleled  and  in  general  are  confined 
to  conditions  involving  two  or  four 
active  conductors  per  slot.  Also  they 
are  not  readily  chorded  and  whether  full 
pitch  or  chorded  their  overall  dimension 
in  an  axial  direction  is  greater  than  that 
of  a  chorded  polar  grouped  winding. 
They  are  used  where  the  number  of 
poles  is  large  and  where  the  number  of 
active  conductors  required  may  be  re- 
duced to  exactly  two  or  four  per  slot. 
Wave  windings  are  preferred  on  rotors 
because  of  the  greater  simplicity  of  the 
group,  or  cross  connections  and  because 
a  full  pitch  winding  is  desired  'on  a 
rotor  rather  than  a  chorded  winding. 
The  reason  for  the  latter  statement  is 
that  the  output  of  a  motor  is  measured 
by  the  carrying  capacity  in  amperes  of 
its  rotor  winding  and  the  voltage  gener- 


ated or  induced  between  the  collector 
rings.  Since  the  copper  cross-section  is 
fixed  it  is  obviously  desirable  to  have 
the  maximum  possible  voltage  generated 
and  this  is  accomplished  by  a  full  pitch 
winding  of  which  the  wave  winding  is 
the  best  practical  type.  Also  it  is  not 
necessary  to  have  the  rotor  voltage  any 
certain  fixed  value  since  it  is  not  con- 
nected to  a  commercial  circuit  but  is 
applied  only  to  the  starting  or  regulating 
resistance.  A  delta  wound  motor  will 
operate  with  one  phase  dead  at  about 
two-third  output.  The  performance  will 
be  slightly  decreased  at  this  load  for  the 
reason  that  the  induced  voltages  do  not 
quite  balance  with  one  phase  missing 
and  the  corrective  currents  which  flow 
in_  the  secondary  windings  to  balance 
this  discrepancy  cause  a  small  loss  in 
efficiency,  power-factor  and  torque. 
This  brings  out  another  reason  against 
the  delta  winding  in  general.  If  there 
are  any  electrical  or  magnetic  or 
mechanical  dissymmetries  in  the  wind- 
ings or  in  the  air-gap  there  is  a  tendency 
for  corrective  currents  to  flow  in  the 
delta  to  correct  the  effect  of  such  dis- 
symetry  and  these  circulating  currents 
cause  lower  performance  and  heating. 
This  point  is  not  of  great  importance, 
but  should  be  considered  in  comparing 
star  and  delta  connections.  a.m.d. 


CORRECTION 

The  next  to  last  sentence  in  the  sub- 
title to  Fig.  41,  p.  361,  in  the  Journal 
for  Sept.  '18  should  read  "The  ratio  of 
torque  to  weight  of  moving  element  is 
high,  and  the  accuracy  of  the  instrument 
is  not  affected  by  ordinary  fluctuations 
in  the  exciting  circuit." 


Protect  Not  Only  Your  Equipment  iCN 
But  Also  Your  Workers  vL^ 

You  have  more  inexperienced  help  in  your  shops  now  than 
,  ever  before;  most  concerns  have  in  thesedaysof  labor  scarcity. 

It  is,  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  only  those  'green"  men.  but  also  the  equipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 

''Safety  Service''  Motor  Starting  Switcli 

In  Steel  Box  Operaied  from  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here   are   the  Reasons— Switch    is   entirely    enclosed    and 

operated    from  outside.       Box    cannot    be    opened  until 

switch  is  in   "off"  position. 
Here  is  the   Result — Workers   and    Equipment    are    Both 

Protected. 
Send  for  Our  Bulletin  describing  "Safety  Service"  Knife  SHifches 
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In  the  last  issue  of  the  Journal,  the 

How  to  deplorable    condition    of    our    street 

Increase  the       railway  companies  was  ably  discussed 

Revenue  of  our   ^y     several     competent    autliorities. 

Street  Rail-        Government  regulation  and  an  unfair 

ways  and         attitude  on  the  part  of  the  public  are 

Satisfy  the        ygj-y  largely  blamed  for  the  bankrupt 

rublic  condition  of  the  companies.     The  im- 

portance of  these  industries  to  the  life  of  the  country  is 
well  set  forth,  and  admirable  pleas  are  made  for  them. 
Confidence  is  expressed  in  the  ultimate  fairness  of  the 
public,  when  once  they  learn  the  facts,  to  give  the  street 
railways  a  square  deal,  but  the  outstanding  fact  remains 
that  they  must  have  increased  revenues  or  go  into  bank- 
ruptcy. 

The  trouble  may  be  in  regulation  but,  after  all,  this 
is  only  a  reflection  of  the  attitude  of  the  public,  so  that, 
if  public  opinion  can  be  changed,  the  regulation  will  be 
a  help  rather  than  a  hindrance;  but  granting  that  the 
Public  Service  Commissions  were  willing  to  give  the  in- 
creases in  fares  (which  seem  to  have  been  the  desid- 
erata of  all  companies)  is  that  going  to  have  the  desired 
result?  Apparently  it  will  not,  if  we  may  judge  from 
the  results  being  secured  where  fares  have  been  in- 
creased. It  is  now  well  known  that  on  these  roads  the 
traffic  has  fallen  off  to  such  an  extent  that  the  increase 
in  revenue  is  very  slight.  It  would  therefore  seem  that 
some  other  scheme  must  be  tried,  and  we  note  with  sat- 
isfaction that  the  zone  or  section  plan  is  being  seriously 
considered.  This  has  many  advantages  that  comm.end 
it,  not  only  to  the  companies,  but  to  the  public. 

In  plain  language,  the  day  for  the  flat  rate  fare  has 
passed.  Whatever  may  have  been  its  advantages  when 
railways  were  only  two  or  three  miles  long,  it  is  mani- 
festly impossible,  under  present  conditions,  where  they 
extend  for  many  miles  in  all  directions  from  the  center 
of  the  city,  for  the  flat  rate  to  give  satisfaction  to  both 
the  public  and  the  company.  Any  flat  rate  giving  suffi- 
cient revenue  to  meet  operating  expenses  and  pay  a  fair 
return  on  invested  capital  would  be  an  intolerable  bur- 
den on  rnany  of  those  patrons  who  have  to  ride  on  the 
street  cars,  and  it  would  be  practically  prohibitive  to 
short  haul  traffic.  To  that  extent,  it  would  deprive  a 
very  large  proportion  of  the  people  of  the  service  they 
have  a  right  to  expect  from  a  railway  occupying  the 
city  streets,  and  it  would  cut  ofif  the  best  paying  traffic. 
More  than  that,  the  cost  of  hauling  each  passenger 
would  increase,  due  to  the  greater  average  length  of 
ride.  Increasing  the  flat  rate,  therefore,  not  only  fails 
to  give  the  necessary  revenue,  but  limits  the  usefulness 
of  the  railway  to  the  people  and,  therefore,  still  further 
alienates  them. 


If  the  favor  of  the  public  is  to  be  secured,  there 
is  one  thing  particularly  essential — they  must  be  con- 
vinced that  they  are  getting  their  money's  worth  when 
they  pay  street  car  fare,  and  it  is  going  to  be  a  difficult, 
if  not  impossible  task,  to  convince  the  average  person 
who  wants  to  ride  from  one-half  mile  to  two  miles  that 
he  is  getting  his  money's  worth  when  he  has  to  pay  from 
6  to  8  cents.  As  long  as  such  conditions  e.xist,  there 
will  be  bad  feeling  generated  that  will  in  no  wise  be 
counteracted  by  those  who,  by  riding  five  or  ten  miles, 
get  more  than  they  pay  for.  To  do  its  full  duty  by  the 
public,  a  street  railway  should  make  it  possible  for  any- 
one who  wants  to  ride  to  do  so  and  get  his  money's 
worth. 

It  is  just  as  necessary  that  the  public  should  be  con- 
vinced that,  to  do  their  full  duty  by  the  railway  com- 
pany, they  should  pay  for  the  service  rendered  a  price 
which  will  make  it  a  financial  success.  It  is  impossible 
to  do  this  with  a  flat  rate  system,  and  some  form  of  zone 
system  is  the  only  alternative.  The  Glasgow  Tram- 
ways reported,  in  presenting  a  check  that  paid  off  their 
indebtedness  early  in  1917,  that  they  had  carried 
362  000  000  passengers  in  1916,  66  perc-ent  of  whom  paid 
only  one  cent  fare.  This  is  a  case  where  everybody  is 
getting  the  fullest  possible  benefit  and  still  the  company 
has  made  money  and  paid  off  its  indebtedness. 

A  one  cent  fare  is  entirely  too  low,  of  course,  to  be 
considered  in  this  country,  but  it  would  seem  that  a 
rate  of  three  cents  cash  or  two  tickets  for  a  nickel  for 
the  first  mile,  with  one  cent  for  each  additional  mile,  or 
two  cents  for  each  two  miles,  or  fraction  thereof,  would 
go  a  long  way  toward  producing  the  necessary  revenue, 
as  well  as  bringing  about  better  relations  between  the 
public  and  the  company,  which  are  so  essential  to  both. 
The  railways  may  claim  that  it  costs  more  than  one  cent 
per  mile  to  carry  passengers.  That  may  be  true  at  this 
time,  but  it  must  be  admitted  that  it  is  based  largely  on 
hauling  empty  seats,  a  condition  that  would  be  radi- 
cally changed  by  the  zone  system.  There  may  also  be 
objections  on  account  of  the  assumed  difficulty  of  col- 
lecting fares,  but  a  system  which  has  been  working  so 
successfully  in  other  parts  of  the  world  should  certainly 
be  operative  in  this  country.  The  principal  thing  nec- 
essary to  bring  about  is  to  convince  the  companies  that 
it  will  increase  their  revenues  without  increasing  their 
operating  expenses.  If  that  were  done,  there  would  at 
once  be  ways  provided  that  would  do  the  trick. 

One  big  advantage  to  the  railway  companies 
would  lie  in  the  abolition  of  the  transfer  system  with 
all  its  abuses.  By  arranging  zones  so  that  transfer 
points  coincide  with  zone  limits  any  hardships  result- 
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ing  from  lack  of  transfers  will  be  avoided,  particularly 
if  the  initial  fare  is  low  enough. 

There  are,  of  course,  places  in  this  country  where 
so-called  zone  systems  have  been  attempted,  but  these 
are  in  no  sense  of  the  type  here  suggested.  Any  suc- 
cessful zone  system  must  have  a  low  initial  fare,  and  the 
zones  should  not  exceed  two  miles  in  length.  Such  a 
zone  system,  thoroughly  worked  out  and  applied  after 
a  campaign  of  education  had  been  carried  on  in  the 
newspapers,  would  meet  with  great  favor  on  the  part  of 
the  traveling  public.  Its  justice  could  not  but  be  rec-- 
ognized,  and  it  would  be  disliked  only  by  those  long- 
haul  passengers  who  are  now  getting  more  than  they 
pay  for;  people  would  get  their  money's  worth  and 
would  recognize  it.  The  effect  on  tlie  street  railways 
would  be  an  immediate  large  increase  in  short-haul 
traffic  that  might  require  additional  cars  tlirough  the 
thickly  populated  sections  of  the  city,  but  it  would  go 
a  long  way  towards  filling  the  vacant  seats  that  are  now 
hauled  around,  and  would  give  a  great  increase  in  reve- 

N.  W.  Storer 


nue. 


Induction  motors,  as  applied  commer- 
Power-  cially,   are   simple  in   their  construc- 

Factor  tion,   reliable   in  their  operation  and 

Correction  in  general  have  few  undesirable  feat- 
ures. They  would  be  even  more 
favorably  regarded  were  it  not  for  the  fact  that  their 
magnetizing  current  must  be  drawn  from  the  power 
supply  circuits  and,  since  this  current  is  wattless,  the 
result  is  a  decrease  in  the  power-factor  at  which  the 
total  load  is  supplied.  Any  .increase  in  the  wattless 
current  of  a  system  has  the  effect  of  adding  to  the 
burden  on  both  the  generator  and  the  distributing  line. 
As  a  result  of  this  condition  many  metliods  have  been 
proposed  for  correcting  the  power-factor  of  induction 
motors. 

From  a  theoretical  point  of  view  none  of  these  is 
more  interesting  than  the  oscillating  phase  advancer 
originally  proposed  by  Dr.  Gisbert  Kapp  and  described 
by  Mr.  C.  W.  Kincaid  in  this  issue  of  the  Journal,  for 
the  reason  that  it  accomplishes  the  very  curious  result 
of  converting  mechanical  inertia  into  electrical  phase 
displacement.  The  article  is  worthy  of  careful  attention 
for  this  point  alone. 

Because  it  offers  an  improvement  in  induction  mo- 
tor operation,  this  type  of  phase  advancer  is  of  wide  in- 
terest, but  a  word  of  caution  is  advisable  as  to  its  limi- 
tations. The  most  serious  of  these  is  that  it  cannot  be 
employed  in  connection  with  a  squirrel  cage  motor  but 
only  in  connection  with  wound  rotor  machines.  A 
further  consideration  is  that  the  results  secured  depend 
upon  mechanical  reciprocation,  which  means  that  the 
slip  of  the  motor  to  which  it  is  connected  cannot  be 
much  greater  than  four  percent  on  25  cycles  or  one  and 
two-thirds  percent  on  60  cycles.  This  condition  elimi- 
nates reversing  motor  installations,  and  all  cases  where 
the  speed  of  the  main  motor  must  vary  over  a  wide 


range,  as  it  does  in  hoisting  work.  Since  this  limits  its 
use  to  constant  speed  work,  some  applications  which 
are  suitable  for  the  combination  of  induction  motor  and 
phase  advancer  can  also  be  taken  care  of  by  using  a 
synchronous  motor  to  drive  the  load,  provided  the 
starting  conditions  are  not  prohibitive.  With  a 
synchronous  motor,  the  power-factor  of  a  system  can  be 
corrected  by  a  constant  amount,  regardless  of  the  load 
on  the  motor  itself,  and  for  this  reason  a  synchronous 
unit  is  preferred  where  use  can  be  made  of  this  char- 
acteristic. Again,  since  the  phase  advancer  is  inserted 
in  series  with  the  motor  secondarj',  it  must  be  designed 
to  fit  the  secondary  voltage  and  current  of  that  motor 
and  cannot  be  applied  indiscriminately  to  other  motors. 
Where  a  number  of  units  are  being  operated  and 
some  of  the  units  are  operating  at  varying  speeds,  a 
synchronous  condenser  floating  on  the  line  and  operat- 
ing at  relatively  high  speed  would  give  a  more  economi- 
cal and  flexible  means  of  power-factor  correction. 

If  the  motor,  to  which  the  phase  advancer  is  ap- 
plied, is  originally  designed  for  use  with  an  advancer  a 
saving  in  material  may  be  accomplished  to  offset  the 
cost  of  the  advancer  but,  where  the  advancer  is  an 
afterthought,  its  cost  is  additional  to  that  of  the  motor 
and  should  be  balanced  by  the  increase  in  the  torque 
and  capacit}'  of  the  motor  and  in  the  benefits  to  the  sys- 
tem as  a  whole  resulting  from  the  improved  power- 
factor. 

This  is  a  unique  application  whose  theory  is  more 
than  ordinarily  interesting  and,  where  suitably  applied 
with  the  interests  of  both  tlie  motor  user  and  power  sup- 
plier in  vi,ew,  phase  advancers  will  undoubtedly  demon- 
strate their  usefulness.  A.  M.  Dudley 


.  An  oil   circuit   breaker  differs   from 

jj  other  electrical  apparatus  in  that  its 

_.     .  bulk  is  only  partly  dependent  on  its 

Ratings  ,    ,      u        ^ 

rated  voltage  and  current  carrj-mg  ca- 
pacity. Because  its  size  is  dependent  also  on  the  ca- 
pacity of  the  generators  and  intervening  transformers 
which  feed  the  circuit,  the  selection  of  a  unit  having  a 
suitable  breaking  capacity  rating  is  of  increasing  impor- 
tance in  the  larger  plants  and,  in  these  days  of  inter- 
connected stations  and  substations,  is  becoming  increas- 
ingly complicated.  The  methods  for  determining  the 
proper  breaking  capacity  rating,  as  well  as  the  funda- 
mental principles  upon  which  a  successful  circuit 
breaker  structure  must  be  based,  are  discussed  fully  by 
Mr.  J.  N.  Mahoney  in  this  issue  of  the  Journal.  A 
circuit  breaker  which  meets  tlie  requirements  outlined 
in  this  article  will  be  successful,  not  necessarily  regard- 
less of  detail,  but  because  correct  details  are  thereby 
ensured.  Hence  in  selecting  a  circuit  breaker  one  needs 
to  know  only:  What  is  the  maximum  current  possible 
at  the  point  of  application ;  will  the  circuit  breaker  open 
this  maximum  current;  how  quickly  will  it  do  it;  will 
it  then  be  able  to  do  it  again?  Chas.  R.  Riker 


45  000  K vv  Cross-Compoimd  CSioain  Tiii'l)LiD 

©f  Tiie  Du^iiesne  Liglbt  CompaBy,  Pllisburgb 

J.  p.  RiGSBY 

THERE  has   recently  been  put  in  service   in   the      long  blades  on  a  large  drum 
Brunots  Island  power  station  of  The  Duquesne 
Light  Company  at  Pittsburgh,  a  45  000  kw  cross- 
compound  turbine-generator  unit,  whose  sei-vice  is  most 
opportune,  coming  at  a  moment  when  electrical  energy 
is  so  urgently  needed  in  the  Pittsburgh  district  in  all 

lines  of  war  endeavor. 

The  cross-compound  idea  is  not  new,  of  course, 
even  in  steam  turbine  practice,  a  most  successful  ex- 
ample being  the  three  30  000  kw  units  which  have  been 
in  operation  for  some  years  in  the  74th  street  power 
station  of  the  Interborough  Rapid  Transit  Company, 
New  York,  while  in  the  same  power  station  has  just 


If  these  are  all  put  on 
one  spindle  it  is  inevitable  tliat  considerable  compromise 
must  be  made  at  the  extreme  ends,  with  a  resultant  loss 
in  efficiency;  and  furthermore,  the  wide  range  of  tem- 
perature in  the  same  cylinder  may  cause  troublesome 
distortions.  With  the  use  of  two  or  more  cylinders, 
the  expansion  is  divided,  making  it  unnecessary  to  re- 
sort to  a  compromise  in  blading  distribution  or  veloci- 
ties. The  high  temperature  can  be  confined  to  one  cyl- 
inder of  smaller  size  and  simpler  construction,  and  not 
endanger  the  necessarily  large  size  low-pressure  sec- 
tions. This  may  result  in  a  more  expensive  construc- 
tion, but  is  warranted  by  a  greater  efficiency  and  de- 
pendability. 


FIG.    I — 45  000    KILOWATT   CROSS-COMPOUND    STEAM    TURBINE 

Showing  the  high-pressure  turbine  and  generator  with  throttle  valve  and  steam  chest  in  the  foreground,  and  the  low-pressure 

turbine  and  generator  beyond. 


been  installed  the  largest  turbine  yet  constructed,  a 
three-cylinder,  cross-compound  unit  of  70  000  kw  ca- 
pacity. 

This  new  45  000  kw  Pittsburgh  unit  consists  of 
separate  high  and  low-pressure  elements,  each  coupled 
directly  to  its  own  generator.  The  high-pressure  ele- 
ment is  a  single-flow,  reaction-type  turbine,  running  at 
1800  r.p.m.  and  expanding  to  atmosphere.  The  low- 
pressure  element  is  a  double-flow  turbine  of  the  same 
type,  running  at  1200  r.p.m.  and  e.xpanding  to  vacuum. 


Steam  is  supplied  through  a  24  inch  main  to  the 
high-pressure  turbine.  It  passes  first  through  an  auto- 
matic throttle  valve,  a  steam  strainer,  and  a  governor 
controlled  primary  valve,  and  then  enters  the  high-pres- 
sure cylinder  from  below.  The  steam  chest,  strainer 
etc.  are  spring  supported  and  are  carefully  aligned  to  re- 
move the  possibility  of  outside  forces  being  exerted  on 
the  turbine  cylinder,  sufficient  to  cause  distortions  when 
the  parts  are  expanding  and  contracting  under  load. 
Steam  is  exhausted  from  the  opposite  end  of  the  high- 
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The  reason  fo.   dividing  a  large  capacity  turbine  pressure  cylinder  at  about  atmospheric  pressure,  when 

into  two  or  three  elements  running  at  different  speeds  running   at    full    load.     The   exhaust   steam    from   the 

is  obvious.  A  certain  quantity  of  steam  has  to  be  passed,  high-pressure  cylinder  passes  into  a  cast  iron  overhead 

which  may  increase  in  volume  one  hundred  and  fifty  receiver  pipe,  which  leads  to  the  center  of  the  low-pres- 

times,  between  inlet  and  exhaust,  and  drop  five  hundred  sure  turbine  where  it  divides,  flowing  either  way  into 

degrees   in   temperature.     This   means   beginning   with  surface  condensers  below, 
very  short  blades  on  a  small  drum  and  ending  with  very  In  connection  with  the  marked  increase  in  the  ca- 
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pacity  of  steam  turbines  of  late  years,  it  is  interesting 
to  note  that  the  size  of  the  turbine  has  not  increased  in 
proportion  to  its  capacity,  owing  to  the  development  of 
the  high-speed  alternating-current  generator;  whereas 
the  steam  pipes  have  proportionately  increased.  This 
presents  the  problem  of  so  arranging  the  header,  that 
it  will  have  a  maximum  flexibility  at  the  point  of  con- 
tact with  the  turbine,  and  will  not  disturb  the  alignment 
or  distort  the  cylinder  by  its  expansion  or  contraction. 

A  66  inch  gate  valve  is  located  in  the  receiver  pipe 
midway  between  the  two  turbines,  for  the  purpose  of 
isolating  the  one  from  the  other  in  case  of  a  shut  down. 
Provision  is  made  for  the  valve  to  be  closed  automati- 
cally in  case  either  element  should  get  into  difficulty, 
and  the  necessity  arise  for  its  immediate  removal 
from  the  line,  without  disturbing  the  other.  This  is  ac- 
complished by  a  specially  equipped  governor  on  the  low- 
pressure  turbine,  which  will  be  described  later. 

The  turbine  is  designed  to  operate  with  200  lbs. 
gauge   steam  pressure,   200  degrees  superheat  at   the 


each  element.  They  are  heavy  cast  iron  shells  lined 
with  babbitt  and  split  horizontally,  the  upper  half  fit- 
ting into  the  lower,  to  prevent  any  side  movement  be- 
tween the  two  halves.  The  bearings  are  self-aligned, 
being  supported  on  spherical  keys  with  sheet  metal 
liners  of  definite  thickness  underneath,  for  horizontal 
or  vertical  adjustment.  Oil  for  lubrication  is  admitted 
to  the  bearing  casing  at  the  bottom,  is  conducted  through 
internal  pipes  to  the  top  and  distributed  over  the  length 
of  the  journal  through  an  oil  groove.  The  sides  of  the 
bearing  are  eccentrically  relieved  for  a  space  of  about 
35  degrees  above  and  below  the  center  line,  to  within 
an  inch  of  each  end,  thus  providing  a  reservoir  of  oil 
along  each  side.  The  journal  is  thus  supported  on  an 
arc  of  about  no  degrees.  It  has  a  peripheral  speed  of 
75  feet  per  second  and  a  pressure  of  no  lbs.  per  sq.  in. 
on  the  projected  area  of  the  bearing. 

Both  turbines  are  equipped  with  Kingsbury  thrust 
bearings  capable  of  taking  load  in  either  direction, 
though  when  running  the  thrust  is  toward  the  generator. 


FIG.   2 — 45000    KILOWATT   CROSS-COMPOUND    STEAM    TURBINE 

Showing  the  low-pressure  turbine  and  generator  with  auxiliary  exhaust  steam  connection  in  the  foreground.     The  overhead 

receiver  pipe  can  be  seen  on  top. 


throttle,  and  an  absolute  pressure  in  the  exhaust  of  one 
inch  of  mercury.  The  pressure  in  the  receiver  pipe  is 
12  lbs.  absolute  at  30  000  kw.  The  generators  are  each 
23  600  k.v.a.,  three-phase,  60  cycles,  excitation  being 
provided  separately.  A  double  condenser  is  provided 
containing  28000  sq.  ft.  cooling  surface  in  each  shell 
and  capable  of  maintaining  a  29  inch  vacuum  with  a 
load  of  35  000  kw,  and  60  degrees  cooling  water. 

This  big  unit  is  not  radically  different  from  the 
others  of  the  same  type.  A  distinctly  new  feature  is 
the  automatic  device  for  cutting  out  either  turbine  if, 
for  any  reason,  its  immediate  removal  from  service  be- 
comes necessar}'.  By  this  means  all  tlie  economic  ad- 
vantages of  a  45  000  kw  machine  are  obtained  with  the 
flexibility  of  a  22  500 ;  that  is,  it  is  necessary  to  carrj-  in 
reserve  only  22  500  kw  rather  than  45  000,  as  would  be 
the  case  if  it  were  a  single  cylinder  or  tandem  machine. 
Each  turbine  and  generator  rotor  is  supported  in  its 
own  bearings,  so  that  four  bearings  are  required  for 


Under  normal  operation  they  are  loaded  to  about  300 
lbs.  per  sq.  in.,  but  are  capable  of  safely  carrying  twice 
as  much.  The  peripheral  speed  is  about  100  feet  per 
second.  These  bearings  are  not  only  immersed  in  oil, 
but  are  supplied  with  a  circulation  of  fresh  oil  through 
internal  passages  which  deliver  it  nearer  the  shaft.  The 
couplings  are  of  the  flexible  pin  type*  providing  suffi- 
cient flexibility  to  take  'care  of  any  ordinary  misalign- 
ment due  to  improper  setting  or  to  deflection  of  shafts. 
The  shafts  are  sealed  with  a  water-gland  which  op- 
erates on  the  principle  of  a  centrifugal  pump,  maintain- 
ing a  water  seal  with  a  head  greater  than  atmosphere, 
thus  preventing  air  from  leaking  through  the  water 
filled  chamber  and  into  the  exhaust.  A  steam  seal  is 
provided  in  an  additional  chamber  along  side  the  one  in 
which  the  paddle  wheel  revolves,  into  which  steam  is 
admitted  at  a  pressure  of  about  five  pounds  gauge,  or  a 

*See  article  on  "The  New  Commonwealth  Turbine"  by  Mr. 
J.  F.  Johnson  in  the  Journal  for  June  1918,  p.  I94- 
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little  above  atmospheric  pressure  when  starting  up.  This 
prevents  air  from  leaking  through  the  gland  into  the 
turbine  while  it  is  being  brought  up  to  speed  or  until  the 
gland  becomes  operative.  When  running  the  steam  is 
turned  off. 

The  high-pressure  turbine  is  of  the  single-flow  re- 
action type.  The  entire  cylinder  or  casing  except  the 
exhaust  end  is  made  of  cast  steel.  The  internal  blade 
rings  are  separate  and  bolted  in  place. 

High-pressure  steam  is  admitted  to  the  cylinder 
from  below  through  the  primary  inlet,  as  shown  in  Fig. 
3.  It  passes  through  the  successive  rows  of  blades  and 
out  through  an  overload  exhaust  to  the  low-pressure 
turbine.  This  particular  turbine  is  arranged  to  carry 
30000  kw  on  the  primary  valve  with  175  lbs.  steam  and 
100  degrees  superheat  at  the  throttle  and  28.5  inches 
vacuum  in  the  exhaust.     For  a  load  between  30  000  and 


thoroughly  secure  and  rigid  construction  with  a  calcu- 
lated deflection  at  the  center  of  not  over  seven  thous- 
andths inch  and  a  critical  speed  of  2300  r.p.m.  The 
normal  speed  being  1800,  there  is  left  an  ample  margin 
to  insure  smooth  running  when  properly  balanced. 

The  low-pressure  turbine  is  of  the  double-flow 
type  as  shown  in  Fig.  4.  Steam  enters  tlie  center  sec- 
tion and  flows  both  ways,  passing  through  eight  rotating 
pnd  eight  stationary  rows  in  each  end,  varying  in  length 
from  six  to  eight  inches,  then  passes  into  the  exhaust 
chamber  and  down  into  the  condensers  below.  As  the 
load  is  divided  equally  between  the  high-pressure  and 
low-pressure  turbines  at  full  load,  the  steam  enters  the 
low-pressure  turbine  at  about  atmospheric  pressure. 

The  cylinder  or  stationary  part  is  of  cast  iron  and 
is  composed  of  center  and  end  sections,  the  blade  rings 
being  cast  integral  with  the  cylinder.     The  three  sec- 


FIG.    3 — SECTION    THROUGH    THE    HIGH-PRESSURE    SINGLE-FLOW   TURBINE 


40000  kw  steam  is  admitted  through  the  secondary 
valve,  thus  by-passing  the  first  five  rows  of  four  inch 
blades  and  entering  the  second  stage  which  has  five  inch 
blades.  This  gives  greater  capacity  but  at  a  reduced 
efficiency.  Similarly  for  loads  above  40  000  kw  steam 
is  admitted  directly  to  the  third  stage,  starting  with  six 
inch  blades.  The  limit  of  capacity  is  approximately 
50000  kilowatts. 

There  are  24  moving  and  the  same  number  of  sta- 
tionary rows  of  blades  in  the  high-pressure  turbine,  be- 
ginning with  four  inch  blades  one  inch  wide  on  a  36  inch 
drum  and  ending  with  10.5  inch  blades  1.25  inch  wide 
on  a  50  inch  drum. 

The  rotor  is  composed  of  three  main  parts,  the 
body  and  two  ends,  besides  which  there  are  two  blade 
rings  on  one  end  and  two  dummy  rings  on  the  other. 
The  ends  are  pressed  into  the  body  on  long  taper  fits 
and    secured    by    tee-headed    shrink    links,  making  a 


tions  are  bolted  and  spigoted  together  and  all  are  split 
horizontally.  The  upper  three  pieces  are  handled  as 
one,  the  vertical  joints  never  being  disturbed  after  they 
have  been  once  assembled. 

The  turbine  rests  on  four  supports  applied  directly 
below  the  horizontal  joints,  on  each  side. of  the  exhaust 
chamber,  and  in  line  with  the  center  of  the  exhaust 
opening.  It  is  free  to  expand  axially,  sliding  on  these 
supports,  with  the  turbine  anchored  to  the  inboard  gen- 
erator pedestal.  A  system  of  radial  and  axial  stays  in 
the  exhaust  chamber  gives  ample  support  for  the  spindle 
bearings  and  produces  extreme  rigidity  in  the  whole 
structure,  minimizing  the  possibility  of  distortions  with 
change  of  load,  or  due  to  external  pressure. 

The  low  pressure  rotor  is  composed  of  a  central 
hollow  drum  rigidly  secured  to  spindle  ends  on  each  of 
which  is  pressed  two  blade  rings  or  discs  carrying  the 
low-pressure  blades.     The  maximum  mean  velocity  of 
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the  blades  is  only  515  feet  per  second  which  precludes 
the  necessity  of  using  other  than  a  good  grade  of  cast 
steel  in  the  blade  rings,  as  the  rotative  stresses  do  not 
exceed  20000  lbs.  per  square  inch  at  20  percent  over- 
speed.  This  has  a  distinct  advantage  over  a  design  con- 
taining special  grade  steels,  which  are  not  only  hard  to 
get,  even  in  normal  times,  but  in  the  use  of  which  a  cer- 
tain hazard  is  always  taken,  through  the  possibility  of 
an  undetected  flaw,  or  some  part  not  being  up  to  speci- 
fication, and  besides  a  little  abuse  in  the  way  of  im- 
proper heat  treating  on  a  highly  stressed  part  may  re- 
sult in  a  costly  failure.  Owing  to  the  double  flow  fea- 
ture, ample  blade  area  is  provided  to  take  full  advan- 
tage of  a  high  vacuum  and  still  maintain  a  reasonable 
blade  length  in  the  last  rows.     Phosphor  bronze  blades 


control  of  the  low-pressure  governor,  in  case  the  low- 
pressure  turbine  should  overspeed.  The  high-pres.sure 
turbine  is  provided  with  an  emergency  exhaust  which 
will,  in  such  an  event,  open  to  atmosphere  through  a  re- 
lief valve,  the  turbine  still  continuing  to  carry  load. 
Similarly  if  the  two  turbines  are  running  together  and 
the  high-pressure  element  should  lose  its  load,  steam 
will  be  shut  off  by  its  governor,  when  it  will  continue 
to  run  with  no  load,  or  if  it  should  overspeed,  the  steam 
will  be  entirely  shut  off  by  the  overspeed  governor.  In 
either  case,  through  lack  of  steam,  the  low-pressure  tur- 
bine will  slow  down  a  certain  percentage  below  normal 
speed,  when  the  governor  on  the  low-pressure  element 
will  open  the  governor  valve  and  admit  live  steam  di- 
rectly. 


FIG.   4 — SECTION    THROUGH    THE    LOW-PRESSURE    DOUBLE-FLOW    TURBINE 


are  used,  except  in  the  last  three  rows  of  the  spindle, 
which  are  drop  forged  steel. 

One  of  the  principal  features  of  interest  on  this 
turbine  is  the  means  whereby,  in  case  of  necessity, 
either  machine  may  be  automatically  or  manually  cut 
out  of  service  without  disturbing  the  other.  Each  tur- 
bine is  provided  with  an  over-speed  stop  governor  which 
will  shut  off  steam  to  that  unit  in  case  the  speed  should 
rise  ten  percent  above  normal.  Each  unit  also  has  a 
speed  control  governor.  The  one  on  the  high  pressure 
turbine,  which  normally  controls  the  steam  supply  to 
the  whole  system,  is  of  the  customary  form.  The 
governor  on  the  low  pressure  element,  while  essentially 
the  same,  has  some  special  features. 

A  gate  valve  is  placed  in  the  66  inch  receiver  pipe, 
connecting  the  high  and  low-pressure  cylinders,  which 
is  automatically  closed  by  a  hydraulic  piston,  under  the 


The  go\ernor  on  the  high-pressure  turbine  is  ad- 
justed for  the  usual  close  regulation  of  about  three  per- 
cent over  the  full  range  from  no  load  to  full  load.  The 
governor  on  the  low-pressure  turbine  during  this  time 
must,  of  course,  be  inactive,  neither  admitting  high- 
pressure  steam  through  the  steam  chest,  nor  closing  the 
valve  of  tlie  receiver  pipe.  In  this  way,  the  travel  of 
the  low-pressure  governor  is  divided  into  three  zones : — 
the  outer  position,  in  which  the  gate  valve  admitting 
steam  from  the  high  is  operated ;  the  inner  in  which  is 
controlled  the  admission  of  high-pressure  steam,  when 
other  source  has  failed ;  and  the  middle  position,  or  neu- 
tral, where  the  high-pressure  governor  is  controlling  the 
svstem,  and  the  low-pressure  governor  has  no  effect  on 
the  admission  of  steam,  but  is  simply  running  idle. 

It  is  desirable  of  course  that  the  low-pressure 
governor  should  not  be  called  upon  to  perform  any  of 
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its  functions,  except  in  the  case  of  an  emergency,  and 
in  order  that  this  position  may  be  maintained  properly 
by  the  switchboard  operator,  a  system  of  signal  lamps  is 
arranged  to  show  its  position  in  the  neutral  zone.  By 
changing  the  tension  of  the  speed  changer  spring,  the 
governor  may  be  kept  in  its  middle  position,  so  that  a 
normal  fluctuation  of  frequency  will  not  cause  the  gov- 
ernor to  function.  The  spring  on  the  low-pressure  gov- 
ernor is  designed  to  give  a  total  speed  range  of  twelve 
percent  which  is  divided  up  as  follows :  Starting  from 
the  central  position,  if  the  speed  rises  four  percent  the 
governor  is  on  the  verge  of  tripping  the  low-pressure  in- 
let valve.  With  a  furthrr  rise  of  less  than  one  percent 
the  valve  will  be  tripped  shut,  one  more  percent  travel 
being  provided  for  clearance.  From  the  central  position 
downward,  should  the  speed  decrease  two  percent  the 
high  pressure  valve  will  begin  to  open  and  will  be  full 
open  after  three  percent  more  decrease.  Another  one 
percent  is  also  provided  at  this  end  for  over-travel. 


^\\ 


IflTED  SIGNALS  TO  BE  LOCATeP  AT  SWITCHBOABO 
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FIG.    5 — LOW-PRESSURE    TURBINE    GOVERNOR 

Showing  diagramatically  the  method  of  indicating  the  position 
of  the  governor. 

The  signal  lamps  in  the  switch  board  gallery.  Fig. 
5,  are  controlled  from  the  low-pressure  governor  by  a 
system  of  contacts  operated  by  an  extension  on  the 
governor  lever.  As  the  governor  moves  between  its 
inner  and  outer  position  this  lever  travels  across  the 
contacts,  registering  its  position  on  the  illuminated  sign. 

To  review  the  system  briefly: — If  the  circuit 
breaker  on  the  low-pressure  element  should  open  due  to 
a  short-circuit,  the  turbine  .will  speed  up  and  close  the 
steain  inlet  from  the  high-pressure  cylinders.  The  high 
pressure  turbine  will  continue  to  run,  carrying  its  load 
and  exhausting  to  atmosphere,  while  the  low-pressure 
turbine,  with  its  source  of  steair.  cut  ofif,  will  fall  in 
speed  until  reaching  two  percent  below  normal,  vhen 
the  governor  valve  will  admit  high-pressure  steam.  In 
the  meantime,  if  the  line  has  been  cleared  the  unit 
may  be  synchronized  and  reconnected  to  the  bus  bars, 
the  gate  valve  opened,  and  the  low-pressure  cylinder  re- 
ceive its  steam  as  before.     If  the  low-pressure  turbine 


for  similar  reasons  should  overspeed  ten  percent  and 
the  automatic  stop  operate,  it  will  result  in  the  automatic 
closing  of  the  high  and  low-pressure  steam  inlets,  and 
the  opening  of  the  circuit  breaker,  and  thus  this  half  of 
the  turbine  will  be  entirely  shut  down.  The  high  pres- 
sure element,  however,  will  continue  to  run  non-con- 
densing and  carrying  its  load  as  usual. 

If  the  circuit  breaker  on  the  high-pressure  turbine 
should  open  and  the  load  be  dropped,  the  supply  of 
steam  to  the  system  would  diminish,  and  the  speed 
would  fall  until  the  low-pressure  governor  valve  opened, 
admitting  high-pressure  steain  to  carry  load.  The  con- 
nection from  the  high  to  the  low-pressure  cylinder 
would  reinain  open,  the  no-load  steam  on  the  high-pres- 
sure element  continuing  to  help  run  the  low.  After  the 
electric  difficulties  have  been  removed  the  high-pressure 
generator  can  be  synchronized  and  placed  back  on  the 
line  and  the  load  carried  as  before. 

If  the  high-pressure  turbine  should  overspeed  ten 
percent  through   some   local   cause,   and   the   automatic 


FIG.    6 — TWO    28  000    SQ.    FT.     SURF.\CE    CONDENSERS 

Showing  the  divided  water  box  with  double  connections, 
and  the  method  of  spring  supporting. 

stop  operate,  the  main  throttle  a  ad  governor  valve  would 
close,  shutting  oft"  all  steam  to  the  system.  The  circuit 
breaker  would  open  and  the  machine  shut  down.  The 
speed  of  the  low-pressure  element  would  immediately 
drop  until  its  governor  valve  opened  to  admit  high-pres- 
sure steam  to  carry  the  load.  In  this  case  the  steam 
seal  on  the  high-pressure  glands  should  at  once  be 
turned  on  to  prevent  an  air  leak  into  the  system  unless, 
however,  the  inlet  pressure  is  kept  above  atmosphere. 
In  case  it  is  necessary  to  run  the  low-pressure  turbine 
alone  for  any  length  of  time,  the  gate  valve  in  the  re- 
ceiver pipe  should  be  closed. 

Attached  to  each  throttle  valve  and  operated  by  it  is 
a  switch  whose  function  is  to  operate  the  main  circuit 
breaker.  The  throttle  valve  is  tripped  out  by  the  emer- 
gency stop  and  in  this  way  not  only  is  the  turbine  ab- 
solutely isolated,  but  the  generator  also.  The  opera- 
tion of  the  throttle  valve  by  hand,  however,  does  not 
operate  this  switch. 

The  low-pressure  element,  is  served  by  two  28000 
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sq.  ft.  surface  condensers  or  a  total  area  of  56  000 
sq.  ft.,  which  are  shown  in  Fig.  6.  The  condensers  are 
spring  supported,  there  being  no  expansion  joints  be- 
tween the  low-pressure  turbine  and  condensers.  They 
depart  from  the  standard  construction  in  that  the  cir- 
culating system  of  each  condenser  is  divided  into  two 
parts,  so  that  one  half  can  be  in  operation,  whiTe  the 
tubes  in  the  other  are  being  cleaned.  Each  condenser 
is  equipped  with  two  water  inlets  and  outlets,  and  also 
has  two  air  off-takes,  one  on  each  side  of  the 
condenser  shell.  The  condenser  is  supplied  with  74  000 
gallons  of  cooling  water  per  minute,  by  three  circulat- 
ing pumps  of  the  double  impeller  type.  All  the  cir- 
culating pumps  are  turbine-gear  driven.  The  air  re- 
movel  apparatus  consists  of  two  sets  of  Westinghouse- 
LeBlanc  wet  air  pumps,  shown  in  Fig.  7,  each  of  which 
is  capable  of  completely  removing  the  air,  so  long  as  the 
leakage  is  normal. 

The  water  supply  for  the  air  pumps  is  taken  from  a 
steel  tank.  Both  sets  of  pumps  discharge  into  one  tank, 
and  the  air  pump  water  is  used  over  and  over  again. 


FIG.    7 — TURBINE    DRIVEN    AIR    AND    CONDENSATE    PUMPS 

Of  course  this  arrangement  requires  a  certain  amount 
of  make-up  water  to  keep  the  temperature  of  the  air 
pump  water  down  to  normal.  This  is  taken  from  the 
semce  line.  The  overflow  from  the  air  pump  tank  is 
ordinarily  discharged  into  a  sump.  Due  to  the  fluctu- 
ating water  conditions  at  Brunots  Island  Station, 
booster  pumps  were  also  supplied  in  order  to  take  care 
of  the  overflow  during  periods  of  high  water  in  the 
river.  The  condensate  is  removed  by  means  of  cen- 
trifugal pumps,  each  of  which  is  capable  of  handling  the 
maximum  condensate.  The  air  and  condensate  pumps 
are  driven  by  the  same  turbine,  but  are  not  on  the  same 
shaft,  there  being  a  coupling  between  the  air  and  con- 
densate pumps. 

The  circulating,  air  and  condensate  piping  is  con- 
nected to  give  a  very  flexible  arrangement.  Since  the 
auxiliary  pumps  are  in  duplicate,  it  is  possible  to  remove 
any  one  of  them  for  inspection  or  repair. 

The  two  three-phase,  60  cycle,  12000  volt  gener- 
ators are  designed  for  the  same  output  at  full  load.  The 
one  connected  to  the  high-pressure  turbine  has  four 
poles  and  runs  at  1800  r.p.m.,  while  the  one  connected  to 
the  low-pressure  turbine  has  six  poles  and  runs  at  1200 
r.p.m.     In  spite  of  this  considerable  difference  in  speed 


the  D'L  as  measured  at  the  outside  diameter  of  the 
punchings,  as  well  as  the  length  of  tlie  core,  is  almost 
the  same  in  both  cases,  it  being  but  3.5  percent  higher 
in  the  low-speed  generator.  On  the  other  hand,  the 
D'L  measured  on  the  active  diameter  and  length  of  the 
rotor  is  45  percent  higher  in  the  low-speed  machine. 
The  reason  for  the  D'L  being  nearly  the  same  at  the 
outside  diameter  is  due  to  the  fact  that  the  high-speed 
machine  has  a  considerably  greater  depth  of  punching 
back  of  the  slots,  because  of  the  larger  flux  per  pole  per 
inch  of  length  axially. 

Each  generator  requires  approximately  70000  cu. 
ft.  of  air  per  minute  for  cooling.  With  this  large 
volume  of  air,  the  air  temperature  rise,  and  the  iron 
temperature  rise  are  both  comparatively  low.  The  air 
is  supplied  from  separate  blowers,  and  the  two  machines 
require  approximately  the  same  pressure  to  circulate  the 
needed  air  through  them,  this  pressure  being  about  4.25 
in.  of  water.  All  the  air  is  washed  before  it  enters  the 
generators,  thus  insuring  against  clogging  of  air  ducts 
and  tending  to  decrease  danger  of  burnout.  Air  to  the 
amount  of  one  and  one-third  times  the  weight  of  the 
generators  passes  through  them  per  hour.  Also  ap- 
proximately 1.4  times  the  weight  of  steam  needed  to 
drive  the  generators  with  full 

load  of  40  000  kw,  is  required   1 — Qvtojwv 

in  air  for  cooling.  '  '— □— ' 

The  stator  insulation  in 
the  buried  portion  in  both  ma- 
chines is  mostly  mica,  and  is 
capable  of  withstanding  con- 

.  FIG.   8 — DIAGRAM     OF     GENER- 

tmuous   temperatures   of    150  ^tor  connections 

degrees  C.  The  rotor  insula- 
tion in  both  machines  also  is  mostly  of  mica,  and 
is  capable  of  withstanding  the  same  temperatures  as 
the  stator.  The  stator  coils  of  both  machines  have  but 
one  turn  each,  there  being  parts  of  two  coils  in  each 
slot.  That  only  one  turn  per  coil  is  needed  with  12000 
volts  is  due  to  the  fact  that  the  generators  are  so  large, 
and  a  small  number  of  turns  in  series  is  required  to  gen- 
erate the  total  voltage.  With  one  turn  per  coil,  there  is 
no  danger  of  break-down  between  turns,  which  is  an 
important  item  with  over  200  volts  per  turn,  and  a 
breakdown  between  turns  would  mean  not  only  the  de- 
struction of  the  insulation,  but  would  also  probably  be 
accompanied  by  great  damage  to  the  core.  In  order  to 
reduce  the  eddy  curent  loss  in  the  stator  coils  to  a 
point  where  the  temperature  will  not  become  dangerous, 
the  coil  is  well  stranded,  and  the  strands  are  transposed 
from  one  coil  to  the  next,  thus  bringing  the  top  set  of 
strands  of  the  first  coil  in  series  with  the  second  set  of 
strands  of  the  second  coil,  the  third  set  of  strands  of 
the  third  coil,  etc. 

In  order  to  protect  the  generators  in  case  of  fire,  ar- 
rangements have  been  made  to  inject  steam  into  the  air 
intake  just  below  the  entrance  to  the  end  bells  and,  in 
addition,  there  is  provision  for  shutting  off  the  air  as 
soon  as  fire  is  discovered.  This  means  has  been  found 
to  be  quite  effective. 
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The  generator  fields  were  designed  to  have  ap- 
proximately the  same  exciting  voltage  at  full  load  as 
that  required  by  the  other  generators  previously  in- 
stalled in  this  station,  and  with  which  this  unit  is  to  op- 
erate in  parallel.  This  enables  fairly  efficient  operation, 
as  very  little  external  resistance  is  needed  in  series  with 
the  field  windings  of  the  generators  when  an  automatic 
regulator  is  used.  It  also  permits  the  use  of  a  common 
storage  battery  for  emergency  excitation  of  this  and  the 
other  units. 

The  scheme  whereby  the  two  generators  are  paral- 
leled is  given  in  Fig.  8,  in  which  ^  is  a  switch  which  is 
manually  operated  and  is  used  only  to  connect  the  two 


generator  windings  together  when  the  unit  is  started. 
When  starting,  with  this  switch  closed,  the  fields  of  the 
two  generators  are  excited  so  that  the  two  units  are 
kept  in  step  from  a  standstill.  When  the  machines  are 
up  to  speed,  the  switch  A  is  opened.  £>  is  a  nonauto- 
matic  circuit  breaker,  7?  is  a  reactance,  and  F  is  a  cir- 
cuit breaker  which  opens  in  case  there  is  a  short-circuit 
on  either  side  of  the  line.  In  case  of  a  short-circuit  the 
reactance  R  prevents  a  prohibitively  high  current  from 
flowing  from  the  second  machine  to  the  point  of  break- 
down. B  and  C  are  differential  automatic  protective  de- 
vices for  the  two  generators. 


5aviiiij  Coal  fer  Victory 

G.  N.  Allen 
Acting  Director,  Conservation  Bnreau, 
United  States  Fuel  Administration 


INDUSTRIAL  production  is  almost  entirely  de- 
pendent on  coal.  So  rapidly  is  our  war  machine 
growing  that  it  will  require  100  000  000  more  to*.is 
of  coal  this  year  than  were  mined  last  year,  Even  in 
times  of  peace  such  a  coal  production  has  never  been 
reached ;  how  can  we  look  for  it  now  when  mine  labor 
has  been  inducted  into  the  army  and  when  railroads  are 
burdened  beyond  their  capacity  to  transport  troops  and 
army  provisions  ?  Is  it  not  astounding  that,  in  the  face 
of  these  difficulties,  the  United  States  Fuel  Administra- 
tion speeded  up  production  to  the  extent  that  last  year 
50  000  ODD  more  tons  were  mined  than  in  the  year  pre- 
vious to  the  war  and  that  this  year  this  total  will  be  in- 
creased by  50000000  additional  tons.  Still  we  shall 
lack  50000000  tons  of  the  required  100  000  000.  Yet 
because  the  war  depends  on  steel  and  steel  depends  on 
coal  we  must  have  inore  coal  than  can  be  mined. 

Conservation  of  35  000  000  tons  in  industrial  and 
15000000  tons  in  household  consumption  has  been  the 
means  of  diverting  to  the  steel  mills  a  sufficient  fuel 
supply  essential  to  winning  the  war. 

In  some  instances,  power  plants  haye  wasted  fif- 
teen percent  of  their  fuel  energ}',  most  of  which  waste 
can  be  redeemed  without  replacement  of  machinerj', 
merely  through  efficient  operation  and  correct  super- 
vision. The  United  States  Fuel  Administration, 
through  competent  and  efficient  departmental  organiza- 
tion, is  co-operating  with  industry,  in  order  that  the  best 
interests  of  economy  may  obtain. 

A  field  for  great  economy  exists  in  the  conservation 
of  coal  used  for  the  generation  of  electrical  energy.  The 
methods  suggested  involve  little  inconvenience  and  fre- 
quently result  in  reducing  the  cost  of  operation  of  the 
individual  power  plant  while  saving  coal  to  be  divetted 
to  war  industries.  Managers  of  buildings  operating 
isolated  power  plants,  frequently  can  obtain  economies 
by  substituting  central  station  service.  In  the  large 
central  station  the  unit  cost  of  production  per  kilowatt- 
hour  is  very  low.  and  the  generation  of  electrical  en- 


ergy can  be  accomplished  with  a  far  greater  economy 
than  in  smaller  and  less  efficient  plants.  The  cost  of 
the  service  connection  is  usually  borne  by  the  central 
station,  and  the  electric  generators  and  auxiliary  ap- 
paratus may  be  utilized  by  the  private  plant  on  the  re- 
turn to  normal  conditions. 

It  is  estimated  that  in  round  numbers  there  are  be- 
tween 25  000  and  30  000  private  electric  generating 
plants.  Among  a  few  important  centers  nearly  two 
hundred  private  plants  are  purchasing  electrical  energy, 
resulting  in  a  probable  saving  of  more  than  150  000  tons 
of  coal  a  year.  It  is  hoped  that  these  cases  will  give 
impetus  to  a  national  movement  favoring  central  sta- 
tion service  wherever  possible  and  economical. 

The  interconnection  of  power  systems  which  paral- 
lel each  other  is  another  measure  which  will  result  in 
large  fuel  economies,  because  when  the  load  is  suffi- 
ciently light  only  one  of  the  power  houses  need  operate  ; 
in  such  a  case  it  would  be  the  more  efficient  plant.  A 
power  plant  depending  on  coal  can  be  connected  with 
one  of  hydroelectric  development  so  that,  except  in 
times  of  peak  load,  the  power  may  be  supplied  by  the 
hydroelectric  system.  The  majority  of  hydroelectric 
developments  are  not  able  to  take  on  extra  loads.  Yet 
there  are  some  stations  which  could  generate  more  kilo- 
watt-hours by  securing  secondary  customers.  In  order 
to  do  so,  it  would  be  necessary  to  rearrange  their  pres- 
ent contracts  or  secure  certain  new  rights.  Some  hydro- 
electric power  plants  have  no  storage  capacity  and  there 
is  a  resultant  water  waste  over  the  dam  at  night,  on 
holidays  and  at  light  load.  If  a  secondary  load  were 
transferred  from  a  steam  power  plant  at  these  times 
the  fuel  economy  would  be  considerable.  As  an  illus- 
tration, the  Mississippi  River  Power  Company,  a  hydro- 
electric development,  sold  "when  available"  electrical 
energy  to  the  Union  Electric  Light  &  Power  Company 
of  St.  Louis,  and  by  this  means  effected  an  economy  at 
certain  seasons  of  the  year,  as  shown  by  the  conserva- 
tion of  20  000  tons  of  coal  a  month. 
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A  desirable  conservation  measure  is  the  more  uni- 
versal construction  of  storage  reservoirs  w^hich  wrill  take 
care  of  excess  water  and  lay  up  the  supplies  of  the 
spring  floods  to  be  used  in  seasons  of  drouth  and  of 
heavy  loads.  The  power  plant  of  the  Western  Ver- 
mont Power  Company  has  availed  itself  of  the  storige 
facilities  of  Bomoseen  Lake.  The  power  conserved  by 
this  storage  reservoir  is  the  equivalent  of  what  would  be 
produced  by  approximately  2500  tons  of  coal  in  a  year. 

Many  power  plants  are  operating  with  defective 
machinery.  Everj'  leaky  valve  means  wasted  power 
and  all  inefficient  apparatus  should  be  replaced.  When 
complete  replacements  of  equipment  become  es- 
sential to  greater  efficiency  in  production,  the  high 
costs  of  labor  and  material,  and  delayed  deliveries  of 
apparatus  by  the  manufacturer  are  usually  effective 
arguments  against  new  installations  at  this  time,  par- 
ticularly when  an  absolute  shut  down  is  involved.  Coal 
priorities  permit  partial  operation  of  power  plant  dur- 
ing the  period  of  replacement  and  reconstruction. 

Where  a  stream  has  not  been  too  highly  developed 
already,  the  addition  is  often  possible  of  one  or  more 
units  which  will  supply  secondary  power  at  certain 
times  of  the  year.  These  add  nothing  to  the  mininuun 
power  of  the  plant,  but  only  to  its  secondary  capacity 
and  may  be  open  to  economic  objections  except  where 
the  original  construction  anticipated  the  changes  and 
built  with  them  in  view.  Investigations  of  plants  are 
under  way  to  determine  in  which  it  is  wise  to  make  such 
changes ;  river-flow  data,  load  curves,  steam  stations 
and  other  determining  factors  must  be  considered  and 
weighed  before  decisions  are  reached. 

It  happens  sometimes  that  plants  are  partially  con- 
structed and  then  abandoned  owing  to  financial  and 
legal  difficulties.  In  many  cases,  financial  assistance  or 
the  clearing  up  of  some  complexity  in  the  law  will  re- 
sult in  the  rapid  completion  of  the  project.  The  Blue 
Ridge  Power  Company,  for  instance,  by  securing 
needed  supplies  of  coal  and  current  was  able  to  complete 
a  valuable  development,  which  will  replace  about  30  000 
to  35  000  tons  of  coal  a  year. 

The  labor,  material  and  time  required  for  new 
hydroelectric  developments  render  impracticable  their 
construction  on  a  large  scale  at  the  present  time, 
although  the}'  would  yield  large  ultimate  returns.  In- 
vestigations are  made  of  promising  and  possible  cases 
of  water  development  as  soon  as  they  become  known 
to  the  State  Fuel  Administrator.  Thus  where  the  dis- 
trict engineer  of  the  United  States  Geological  Survev  is 
affiliated  with  the  States  conservation  work,  as  is 
usually  the  case,  he  is  asked  to  make  the  investigations 
and  the  report.  According  to  his  findings  the  impor- 
tant question  is  answered :  "Will  this  use  of  labor  and 
materials  contribute  more  toward  winning  the  war  than 
some  other  measure  in  which  less  labor  and  material 
could  be  used?"  If  this  is  answered  negatively,  the 
project  is  abandoned.  The  second  question  is:  "Will 
it  be  financially  attractive?"  When  both  questions  are 
answered    affirmatively,    the    Fuel    Administration    is 


ready  to  give  assistance  of  whatever  kind  is  advisable. 

There  is  a  difficulty  which  interferes  often  with 
these  projects.  Measures  designed  for  the  fuller  use  of 
water  power  as  a  substitute  for  coal  must  be  under- 
taken by  the  public  utilities  companies.  These  have  not 
shared  in  war  prosperity  and  are  not  in  a  position  to 
finance  improvements  and  extensions.  The  War  Fi- 
nance Corporation  occasionally  can  lend  assistance  but 
usually  is  obliged  to  confine  its  help  to  coal-construction 
projects.  The  Emergency  Power  Bill  has  been  intro- 
duced in  Congress  to  meet  this  situation. 

Where  plans  for  the  development  of  additional 
storage  or  other  improvements  are  blocked  by  inability 
to  secure  land  or  permissions,  the  Fuel  Administrator 
can  intervene  in  behalf  of  a  friendly  settlement.  Legis- 
lative enactments  have  not  made  it  easy  for  financial  in- 
terests to  secure  rights  for  water  developments.  The 
Water  Power  Bill  is  intended  to  make  possible  a  num- 
ber of  developments  which  ai'e  now  inactive.  The  Fuel 
Administrator  can  sometimes  recommend  to  the  Priori- 
ties Board  favorable  action  with  regard  to  equipment  or 
supplies  needed  for  construction,  or  to  secure  needed 
commodities  which  are  not  the  subject  of  priorities. 
The  Emergency  Power  Bill  will,  if  passed,  make  pos- 
sible the  undertaking  of  enterprises  not  remunerative 
enough  to  attract  private  capital,  but  which  would  speed 
up  the  winning  of  the  war. 

Economy  is  not  confined  to  new  and  improved  con- 
struction. Much  fuel  is  wasted  by  neglect  of  machinerj' 
and  careless  methods  of  operation  in  factories.  Parts 
which  are  not  clean  and  thoroughly  lubricated,  slipping 
belts,  excessive  sparking,  erratic  speed,  the  running  of 
motors  when  machines  are  idle,  the  faulty  grouping  of 
machines  so  that  more  motors  operate  than  would  be 
necessary  if  distances  between  machines  were  reduced 
— all  these  tilings  waste  coal  which  could  produce  the 
steel  our  armies  must  have  in  vast  quantities  to  make 
their  courage  and  skill  effective  against  the  enemy. 

Coal  wasted  in  the  careless  use  of  current  used  for 
light  should  be  conserved.  If  windows  were  kept  clean 
sunshine  could  enter  the  rooms  at  certain  hours,  supply- 
ing without  c«st  the  best  kind  of  lighting.  At  other 
hoifrs  economy  can  be  effected  by  the  grouping  of  lights 
so  that  the  fewest  burners  may  supply  illumination  to 
the  greatest  number  of  people.  Where  this  is  not  pos- 
sible workers  may  sometimes  be  grouped  favorably  un- 
der the  clusters.  Efficient  burners  must  replace  less 
efficient  ones,  tungstens  take  the  place  of  carbon  fila- 
ment lamps  and  nitrogen-filled  ones  the  place  of  arc 
lights.  Drafty  doors  and  windows  and  unprotected 
staircases  result  in  the  consumption  of  fuel  a  large  part 
of  which  is  wasted  because  it  does  not  heat  adequately 
the  apartments  which  drafts  are  continually  chilling. 
Factory  operatives  should  be  urged  to  wear  warm  cloth- 
ing as  a  coal-conservation  ineasure.  In  order  to  set  in 
motion  all  possible  economies  in  the  operation  of  fac- 
tories the  Fuel  Administration  recommends  the  appoint- 
ment of  a  shop  committee  in  every  factory  which  shall 
keep  in  touch  with  all  details  in  the  operation  of  the 
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plant  where  economies  could  be  installed  and  make 
records  of  savings. 

America  has  been  renowned  among  nations  for  its 
lavish  use  of  ice.  The  unhealthfulness  of  ice  water  and 
other  chilled  drinks  and  frozen  foods  has  been  preached 
to  us  without  much  result.  Now  the  conservatiorx  of 
ice  is  a  patriotic  measure  because  ice,  like  almost  every- 
thing else,  is  made  by  coal  power.  Its  wasteful  use 
and  its  employment  for  purposes  of  display  should 
cease.  Several  plans  are  under  consideration  as  means 
of  conserving  fuel  in  refrigerating  plants.  It  is  sug- 
gested that  coal  be  allotted  to  them  on  the  basis  of  a 
ten  or  fifteen  percent  reduction  over  their  consumption 
last  year.  The  closing  of  certain  plants  in  the  winter, 
which  in  summer  would  operate  again,  is  another  plan. 
It  would  carry  with  it  a  proviso  permitting  the  owners 
of  inoperative  plants  to  buy  at  wholesale  from  those 
which  have  not  been  closed,  thus  protecting  them 
against  loss.  Power  is  used. for  agitation  in  raw- water 
plants,  merely  in  order  to  manufacture  the  clear  trans- 
parent block  to  which  we  are  accustomed.  If  ice  were 
marketed  as  a  white,  opaque  substance,  this  fuel-con- 
suming power  would  be  eliminated. 

The  skip-stop  is  becoming  a  familiar  method  of 
fuel  economy.  The  United  States  Fuel  Administration 
hopes  that  all  cities  with  populations  of  25  000  or  over 
will  adopt  it  as  an  immediate  act  of  patriotism.  This 
is  the  skip-stop  slogan : — 

It  will  save  i  500000  tons  of  coal  per  year. 


More  coal  means  more  steel. 

More  steel  means  more  guns  and  ammunition. 

More    guns    and    ammunition,    a    shorter    war    and    fewer 

casualties. 

The  skip-stop  will  save  coal  because  six  or  eight 
times  as  much  current  is  used  to  start  a  car  as  to  keep  it 
in  operation.  The  old  system  of  stopping  on  signal  re- 
sulted in  as  many  as  twelve  or  fourteen  stops  a  mile ; 
whereas  the  skip-stop  stations  are  placed  approximately 
one-eighth  of  a  mile  apart  in  business  districts,  one- 
sixth  in  residential  and  a  quarter  of  a  mile  apart  in 
open  country.  Moreover,  this  system  eliminates  stops 
on  the  sides  of  hills  and  around  curves  requiring  exces- 
sive power.  Cities  where  this  system  is  in  operation 
report  that  the  inconvenience  occasioned  to  passengers 
is  compensated  for  by  the  more  rapid  service  which  the 
cars  give.  Far  more  important,  however,  than  Ihis 
compensation  for  slight  personal  inconvenience  is  the 
fact  that  were  this  system  established  the  country  over 
I  500000  tons  of  coal  would  be  set  free  for  distribution 
in  war  factories. 

The  conservation  program  of  the  United  States 
Fuel  Administration  is  worked  out  logically  from  re- 
liable statistics  and  with  the  principle  always  before  it 
of  bringing  about  the  greatest  saving  of  coal  with  the 
least  sacrifice  of  comfort.  If  the  public  co-operates  in- 
telligently and  heartily  with  the  Administration,  we 
shall  be  able  to  supply  our  splendid  men  abroad  with 
the  arms  and  ammunition  which  will  enable  them  to 
hasten  the  day  of  freedom. 


'  r.l  1 0  or  0 1  i  0  <vl  ^  t  a  n  c  I  ivoiiTj: 


G.  I.  Gilchrist  and  T.  A.  Klinefelter 

IT  IS  evident  from  iireceding  papers*  that  the  pro- 
ducton  of  a  satisfactory  porcelain  insulator  is 
dependent  largely  upon  the  quality  of  the  porcelain 
body.  The  characteristics  of  porcelain  of  different 
proportions  of  ingredients  were  not  given  due  consid- 
eration in  the  first  high  voltage  pin  type  designs,  due 
primarily,  to  a  lack  of  knowledge  of  these  properties. 
A  study  of  present  commercial  designs  indicates  that 
the  theoretical  principles  have  been  approached  in  cer- 
tain cases,  but  that  these  principles  have  not  been 
thoroughly  understood  nor  carefully  applied.** 


STATEMENT   OF   A    PRINCIPLE    OF    ELECTROSTATIC   THEORY 

If  a  region  in  any  particular  electric  field  be 
isolated  by  any  number  of  closed  surfaces  and  if  the 
potentials  at  all  points  on   the  enclosing  surfaces  are 


*Published  in  the  Journ-AL  for  February  and  March,  1918, 
pp.  36  and  77. 

**The  subject  is  more  thoroughly  covered  in  papers  appear- 
ing in  the  1913  Transactions  of  the  A.I.E.E.,  upon  which  a 
portion  of  the  matenial  in  this  Article  is  based:— "Air  as  an 
Insulator  when  in  the  Presence  o."  Insulating  Bodies  of  Higher 
Specific  Inductive  Capacity,"  bv  C.  Fortescue  and  S.  W.  Farns- 
worth,  Vol.  XXXII,  p.  893;  and  "The  Application  of  a  Theorem 
of  Electrostatics  to  Insulation  Problems,"  by  C.  Fortescue,  Vol. 
XXXII,  p.  907. 


maintained  at  their  original  values,  then  the  electric 
field  in  this  region  will  remain  unchanged,  whatever 
change  may  take  place  in  the  external  electric  field. 
It  follows-  from  this  that  the  intensity  at  each  point  of 
the  region  due  to  the  surface  distribution  will  be  the 
same  as  that  of  the  assumed  electric  field.  As  the  poten- 
tial in  such  a  region  is  entirely  determined  by  the  sur- 
face potential  distribution,  which  remains  unchanged, 
it  will  be  unaffected  by  any  change  in  position  or  elec- 
trification of  external  bodies. 

Also  it  is  obvious  from  this  principle  that  two  or 
more  regions,  separated  from  one  another  by  any  num- 
ber of  surfaces,  may  each  have  a  different  electric  field 
if,  at  every  point  of  the  dividing  surfaces  between  am' 
two  of  the  regions,  the  fields  in  these  regions  have  the 
same  potential. 

The  truth  of  the  principle  just  stated  is  almost  self- 
evident,  for  it  is  known  that,  when  the  potentials  of  a 
system  of  conductors  are  given,  there  is  only  one  pos- 
sible solution  of  the  electric  field  consistent  with  the 
given  conditions.  If,  therefore,  a  solution  be  known 
that  will  give  the  same  potential  at  each  point  of  the 
bounding  surfaces  of  a  given  region  as  the  assigned 
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potentials,  then  this  must  be  the  only  possible  solution. 
1 1  is  not  so  easy  to  see  that  the  field  within  the  region 
is  independent  of  any  external  influences.     This  may 
be  deduced  from  the  fact  that,  in  order  to  produce  a 
given  potential  at  each  point  of  the  surfaces,  (with  the 
potentials  at  the  surfaces  assumed  constant)  the  effect 
of    external    bodies   within    the    region   must   be    zero. 
Changes  in  the  external  electric  field  have  the  effect, 
however,  of  altering  the  charges  at  each  point  of  the 
surface.     In  other  words,  the  effect  of  any  change  in 
the  external  system  is  to  produce  a  change  in  the  cap- 
acity of  the  system  of  charged  bodies  at  the  surfaces 
of  the  region,  in  such  a  v.ay  that  there  is  a  change  in 
the  surface  charges  (the  potentials  remaining  constant) 
of  such   a  nature  as  to   completely  annul,   within   the 
region,  the  effect  of  the  change  in  the  external  system. 
Of  course,  in  this  particular  discussion  air  and  por- 
celain are  the  dielectrics  considered.     The  breakdown 
strength   of   air  between   metal   terminals   of   different 
sizes  and  shapes,  when  expressed  in  kilovolts  per  unit 
distance  of  separation,  is  a  variable  value  and  of  litde 
significance.     The  variation  is  due  to  the  influence  of 
such  factors  as  the  shape  and  size  of  the  electrodes,  and 
the  position  and  potential  of  the  electrodes  relative  to 
neighboring    bodies,    and    not    to    differences    in    the 
strength  of  air,  which  is  a  physical  constant.     The  case 
of  comparative  breakdown  distances  between  spheres 
or    needle    points    furnishes    an    excellent    illustration. 
With  25  centimeters  between  spheres  25  cm.   (10  in.) 
in  diameter,  air  breaks  down  at  260000  volts,  whereas 
with  the  same  voltage  between  needle  points  a  separa- 
tion of  67.3  cm.  (26.5  in.)  is  required.     The  maximum 
efficiency  of  air  has  been  determined  by  various  inves- 
tigators  as   ranging  between   30  and   38   kilovolts   per 
centimeter. 

Of  course,  in  the  design  of  insulators,  the  problem 
is  complicated  by  the  presence  of  other  dielectric  media 
having  a  higher  specific  mductive  capacity  than  that  of 
air.  There  is,  in  general  a  false  conception  of  the 
parts  played  by  the  two  media,  namely,  the  solid  die- 
lectric and  air,  in  performing  their  functions  in  the  in- 
sulator. With  increased  voltage,  the  part  the  air  plays 
becomes  more  and  more  important.  While  the  break- 
down voltage  of  air  alone,  as  expressed  in  volts  per  cm., 
is  a  quite  variable  quantity,  the  breakdown  voltage  of 
air  over  the  surface  of  a  solid  dielectric  when  expressed 
in  the  same  terms  (a  value  commonly  called  "creepage" 
voltage)  is  still  more  variable. 

As  there  are  ways,  as  illustrated  by  the  sphere  gap, 
of  using  air  alone  more  efficiently  then  is  ordinarily 
done,  so  there  are  ways  of  using  the  combination  of  air 
and  a  solid  dielectric  more  efficiently.  The  following 
discussion  shows  the  conditions  that  determine  the  dis- 
laiptive  strength  of  an  air  path  along  the  surface  of  a 
solid  dielectric  of  higher  specific  inductive  capacity  and 
what  steps  must  be  taken  to  insure  the  most  efficient 
use  of  the  two  dielectrics  in  combination. 


THE   ELECTRIC   FIELD    IN    THE    PRESENCE   OF    SOLID 
DIELECTRICS 

The  effect  of  introducing  an  insulating  body  into 
the  static  field  between  two  conductors  is  to  increase  the 
stress  in  the  air  path  at  the  surface  of  the  conductor 
and  at  the  surface  of  the  insulating  body,  unless  certain 
laws,  which  will  be  stated  later,  governing  the  proper 
shaping  of  the  body  are  observed.  This  statement  may 
easily  be  verified  experimentally,  by  placing  a  glass 
sphere  in  an  electrostatic  field  between  two  parallel 
plates  maintained  at  different  potentials.  If  the  static 
field  is  intense  enough,  the  introduction  of  the  sphere 
will  cause  corona  to  form  at  the  surface  of  the  sphere 
and  at  the  contiguous  parts  of  the  two  plates.  Conse- 
quently the  air  between  the  plates  will  break  down  at  a 
much  lower  voltage  than  if  the  glass  sphere  were  absent. 
The  condition  of  the  static  field  before  the  introduction 
of  the  glass  ball  is  shown  in  Fig.  i,  while  Fig. 
2  gives  an  idea  of  the  field  after  the  glass  ball  has  been 
introduced.  The  lines  of  force  concentrate  on  the  glass 
ball  and  are  more  dense  at  its  surface  and  at  the  portion 
of  the  surface  of  the  two  plates  nearest  the  ball  than 
anywhere  else. 


FIG.       I  —  UNIFORM 

STATIC    FIELD   BE- 
TWEEN TWO  PLATES 


FIG.    2 — STATIC 

FIELD    WITH    GLASS 

BALL    INTRODUCED 


A  close  analogy  to  the  action  which  takes  place 
when  the  glass  sphere  is  introduced  into  the  electric 
field  is  obtained  by  placing  a  steel  ball  in  the  magnetic 
field  between  two  large  magnetic  poles  of  opposite  polar- 
ity. In  this  case  the  field  may  be  mapped  out  with 
iron  filings. 

There  are  several  methods  of  determing  the  direc- 
tion of  electrostatic  field  and  its  equipotential  surfaces 
experimentally  as  follows: — ■ 

a — Directly  calculate  by  the  process  of  cut  and  try. 
This  method  is  theoretically  possible  but  is  laborious  for 
any  but  the  simplest  shapes. 

b — Obtain  experimentally  the  isothermal  surfaces  in  the 
related  heat  flow  problem.  The  radiation  and  conduction 
of  heat  and  the  difficulty  entailed  in  the  obtaining  of  bodies 
of  the  proper  heat  conductivity  make  this  method  rather 
impractical. 

c — Determine  the  equipotential  surfaces  in  the  equiva- 
lent electrical  conduction  problem. 

d — Determine  the  direction  of  the  electrostatic  field 
under  application  of  usual  working  voltage  by  means  of 
dielectric  particles,  such  as  asbestos,  etc. 

Of  course,  methods  b  and  c  necessitate  the  use  of 
materials  other  than  the  commercial  porcelain.  Method 
d  is  obviously  rather  approximate  but  the  designs  inves- 
tigated may  be  made  of  the  same  material  as  the  com- 
mercial insulators.  During  the  investigations  discussed 
methods  c  and  d  were  both  used. 

The  conditions  that  exist  at  the  surface  of  a  dielec- 
tric of  high  specific  inductive  capacity  in  a  field  of  force 
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in  air  are  brought  about  as  follows: — A  given  difference 
of  potential  will  cause  a  much  greater  electric  flux  in 
the  solid  dielectric  than  in  the  air.  At  the  surface  of 
separation  of  the  air  and  the  solid,  the  tangential  com- 
ponent of  the  intensity  must  be  the  same  in  the  air  as 
in  the  solid.  Since  it  requires  K  times  the  force  to  pro- 
duce the  same  dielectric  flux  in  the  air  as  in  the  solid, 
where  K  is  the  value  of  the  specific  inductive  capacity 
of  the  solid  dielectric,  the  component  of  intensity  in  the 
air  rormal  to  the  surface  will  be  K  times  that  in  the 
solid  dielectric.  The  intensity  at  each  point  of  the  sur- 
face of  separation  is  increased  from  what  it  was  before 
the  introduction  of  the  dielectric  and  is  more  nearly 
normal  to  the  surface.  If  the  solid  body  extends  from 
one  conductor  to  the  other,  a  condition  may  be  produced 
in  which  the  tangential  component  of  the  intensity  will 
be  nearly  uniform,  but  the  maximum  intensity,  being 
in  a  direction  more  nearly  normal  to  the  surface  than 
before  the  introduction  of  the  solid,  is  greater  at  every 


Rain 
Sheds 


FIG.      3 — EXPERIMENTAL        FIG.   4 — DIAGRAM     OF    LINE     INSULATOR 

INSULATOR  Whose  outline  similarly  follows  the 

Whose  outline  follows  lines  of   force, 

the  electrostatic  lines  of 
force. 

point.  The  air  path  along  the  surface  is,  therefore, 
weaker  than  before  the  introduction  of  the  dielectric. 
If,  however,  the  dielectric  is  so  formed  that  its  surface 
is  tangential  to  the  lines  of  force  at  every  point,  then 
there  will  be  no  normal  component  of  intensity;  the 
tangential  intensity  at  each  point  of  the  surface  will  be 
the  same  as  before  the  introduction  of  the  solid  and  the 
strength  of  the  air  path  will  remain  unchanged. 

In  Fig.  3  is  shown  a  design  using  a  confocal  system 
of  ellipsoids  and  hyperboloids  of  revolution  having  foci 
which  are  5.09  cm.  (2  in.)  apart.  A  piece  was 
turned  out  of  hard  rubber  to  the  given  dimensions  and 
the  average  breakdowns  over  the  surface  were  above 
160000  volts,  thus  giving  an  average  of  9.4  kilovolts 
per  cm.  (23900  volts  per  in.)  for  a  surface  distance 
of  17  cm.  (6.7  in.)  These  values  are  striking  when 
compared  with  the  breakdown  voltage  of  usual  line  in- 
sulators. This  piece  was  then  placed  where  it  would 
collect  dust  and  dirt  such  as  it  would  be  likely  to  in 
indoor  service  and  was  tested  after  three  months.  It 
showed  no  deterioration  in  breakdown  strength,  even 
with  this  heavy  coating  of  dust. 

In  the  design  of  a  transmission  line  insulator  the 
first  question  that  arises  is  "What  is  its  function"  ?     Of 


course,  the  function  of  an  insulator  is  to  prevent  a  loss 
of  electrical  energy  by  conduction  between  wires,  from 
wire  to  ground,  etc.  Because  of  the  stresses  from  wire 
tension,  wind,  etc.,  the  insulator  should  be  a  good  me- 
chanical support.  From  mechanical  consideration  it  is 
advantageous  to  keep  the  line  wire  and  the  pin  close 
together  and  hence  a  material  having  a  higher  dielectric 
strength  than  air  such  as  porcelain,  is  advantageous. 

From  a  consideration  of  the  elements  of  design  it 
is  obvious  that  the  most  satisfactory  line  insulator  con- 
sists of  an  air  insulator  rather  than  of  a  porcelain  in- 
sulator. That  is,  the  porcelain  under  electrical  stress, 
if  the  proper  limitations  of  dielectric  strength  are  as- 
sumed, can  easily  be  made  sufficiently  thick  to  resist 
puncture.  The  problem  is  to  shape  the  air  path  so  that 
the  flashover  voltage  will  be  sufficient  under  all  service 
conditions.  As  a  matter  of  fact  the  principles  of  theo- 
retical design  have  been  approached  in  certain  cases  by 
practical  experience.  The  designing  engineer  has  grad- 
ually changed  certain  designs  by  replacing  highly 
stressed  air  sections  with  porcelain. 

With  these  factors  in  mind  the  evolution  of  a  pin 
type  insulator  design  was  attempted.  A  step  in  this 
evolution  is  illustrated  in  Fig.  4.  The  heavy  solid  line 
shows  a  pin  type  insulator  roughly  sketched  from  a  con- 
sideration of  the  electrostatic  field.  The  dotted  outline 
shows  a  design  similar  to  Fig.  3.  Lines  aa,  bb,  etc.  are 
in  equipotential  planes.  The  rain  sheds  added  to  the 
porcelain  surface  conform  to  the  equipotential  planes 
and  are  relatively  thin  as  compared  to  the  length  of  the 
porcelain  surface  in  the  direction  of  the  electrostatic 
flow  lines.  In  general,  the  porcelain  body  has  been 
added  so  that  the  surface  of  contact  between  the  air  and 
porcelain  conforms  to  the  equipotential  planes  or  to  the 
direction  of  the  dielectric  field. 

SUMMARY   AND    CONCLUSIONS 

From  a  theoretical  standpoint,  a  conception  was 
formed  of  the  functions  which  air  and  solid  dielectrics 
perform  when  used  in  combination  for  insulating  pur- 
poses. Based  on  this  conception,  a  large  number  of 
tests  have  been  made  under  commercial  conditions, 
which  show  that  it  is  possible  to  use  air  more  efficiently 
than  has  been  customary  in  the  past.  Breakdowns  of 
an  air  path  over  a  surface  have  been  obtained  which 
average  as  high  as  9.4  kv.  per  cm.  effective  value, 
(23900  volts  per  in.)  over  a  distance  of  17.0  cm.  (6.7 
in.)  The  conditions  of  design  are  such  that  these  same 
averages  may  be  maintained  at  any  voltage  by  increas- 
ing all  dimensions  of  the  structure  proportionately. 

A  maximum  efficiency  of  air  path  over  a  surface 
is  obtained  when  the  surface  of  the  dielectric  is  made 
to  conform  to  the  flow  lines  between  the  terminals. 
The  strength  of  such  a  path  is  independent  of  the  spec- 
ific inductive  capacity  of  the  dielectric.  The  principal 
thing  to  be  considered,  therefore,  is  the  proper  shaping 
of  the  terminals  in  order  that  points  of  high  intensity 
may  be  eliminated  and  a  high  average  intensity  obtained 
for  the  given  path. 


AltQnmtmg^CiiTrQut  GDiicraior  Wavo  li'oriii 


F.  D.  Newbury  and  S.  L.  Henderson 

THE  FORM  of  the  voltage  wave  of  an  alternating- 
current  generator  is  determined  mainly  b}'  the 
arrangement  and  connections  of  the  armature 
winding,  by  the  distribution  of  flux  in  the  air-gap,  and 
finally  by  the  shape  and  relative  value  of  the  armature 
reaction.  The  first  two  factors  determine  the  wave 
form  at  no  load  and  the  third  determines  the  change  in 
wave  form  caused  by  the  load  current. 

If  the  armature  winding  were  concentrated  in  one 
coil  of  full  pitch  then  the  voltage  wave  form  would  be 
determined  entirely  by  the  shape  of  the  flux  in  the  air- 
gap,  or  "field  form,"  as  it  is  commonly  called.  If,  on 
the  other  hand,  there  are  a  number  of  armature  coils 
connected  in  series  and  covering  an  appreciable  part  of 
the  armature  surface  corresponding  to  one  pole  pitch, 
the  voltage  wave  form  is,  for  most  practical  purposes, 
independent  of   the  field  form.     Obviously,  the  latter 
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ordinate,  or  36*.  The  effect  of  various  arrangements 
of  armature  conductors  on  the  wave  form  can  be  in- 
vestigated by  this  simple  method,  using  the  field  form  o 
of  Fig.  I.  Curve  /  of  Fig.  2  is  the  wave  form  of  con- 
ductor /,  doubled.  This  wave  form  and  the  field  form 
are  identical  in  shape.  Curve  2  is  the  wave  form  of 
conductors  /  and  2  connected  in  series;  curve  J  of  con- 
ductors /  and  J ;  curve  4  of  conductors  /  and  4  and  so 
on.  In  every  case  there  are  two  conductors  in  series 
(or  the  equivalent  as  in  curve  i)  and  the  only  varying 
condition  is  the  spread  of  the  pair  of  conduc- 
tors. In  these  various  cases  it  is  assumed  that  the  coils 
have  a  throw  or  span  equal  to  the  pole  pitch  so  that  the 
other  sides  of  the  coils  occupy  the  same  relative  posi- 
tions under  the  adjacent  pole,  and  may  be  neglected  in 
determining  the  shape  of  the  wave  form. 

The  various  wave   forms  gradually  lose  the  flat- 
topped  shape  of  the  field  form  until,  with  the  particular 
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FIG.   I — FIELD  FORM   CURVES 

a — Typical  alternator  field  form. 

h  and  c — The  fundamental  and  triple  harmonic  of  which  a 
is  composed. 

condition  is  the  one  that  applies  to  alternators  of  usual 
types,  and  the  first  factor,  mentioned  above,  is  the  most 
important  in  determining  wave  form. 

The  voltage  induced  in  a  moving  conductor  at  any 
instant  is  proportional,  among  other  things,  to  the 
strength  of  the  field  in  which  it  is  located;  that  is,  it  is 
proportional  to  the  ordinate  of  the  field  form  in  line 
with  it.  The  instantaneous  voltage  induced  in  any 
number  of  conductors  is  the  algebraic  sum  of  the  ordi- 
nates  of  the  field  form  in  line  with  the  several  conduc- 
tors. Thus  in  Fig.  i,  conductor  /  has  zero  voltage  gen- 
erated in  it  in  the  armature  position  shown.  If  the 
armature  is  assumed  to  move  to  the  right,  an  angle  of 
15  degrees  (equivalent  to  one  armature  slot),  conductor 
I  has  moved  to  the  position  of  conductor  2  (Fig.  i) 
and  will  have  a  voltage  proportional  to  the  field  form 


♦This  method  of  calculation  was  first  developed  by  Mr. 
B.  G.  Lamme  about  189.-^  and  is  quite  generally  used  by  design- 
ing engineers  whose  training  has  been  directly  or  indirectly 
influenced  by  Mr.  Lamme's  work. 


FIG.   2 — WAVE   FORMS    OF   TWO    CONDUCTORS    IN    SERIES 

field  form  selected,  the  wave  form  of  conductors  /  and 
5  is  a  sine  curve.  When  the  conductors  are  more  widely 
separated,  the  wave  form  becomes  more  peaked  than  the 
sine  and  has  a  lower  maximum  value.  Field  form  a  is 
purposely  drawn  to  be  the  resultant  of  the  sine  curve  h 
and  the  sine  curve  c,  having  three  times  the  frequency 
of  b. 

Curve  a  is  quite  closely  the  field  form  that  would 
be  obtained  with  a  cylindrical  radial-slot  turbo-rotor,  al- 
though an  actual  field  form  would  also  contain  har- 
monics other  than  the  third.  Practically  all  commer- 
cial types  of  generators  have  a  flat-topped  field  form 
and  contain  a  lai'ge  third  harmonic  that  will  appear  in 
the  voltage  wave  form  for  certain  coil  groupings.  The 
voltage  of  any  combination  of  conductors  will  be  pro- 
portional to  the  sum  of  the  ordinates  of  curves  h  and  c. 
With  conductors  i  and  5,  the  voltage  due  to  curve  c  is 
zero  since  positive  ordinates  of  conductor  i  are  bal- 
anced by  negative  ordinates  of  conductor  5  and  the  re- 
sult is  a  voltage  wave  due  only  to  the  sine  field  form  b. 

Referring  again  to  Fig.  i,  conductors  i,  2,  3  and  4 
of  each  pole  would  be  connected  together  to  form  one 
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leg  of  a  three-phase  Y-connected  winding,  (neutral 
to  terminal),  and  conductors  i  to  8  would  form  one 
phase  (terminal  to  terminal).  It  is  assumed  that  the 
two  sides  of  each  coil  are  one  pole  pitch  apart.  If  the 
wave  form  of  conductors  /,  2,  3  and  4  is  calculated  it 
will  be  found  to  contain  a  large  third  harmonic,  but  the 
wave  form  of  the  conductors  j  to  5  inclusive  will  be 
found  to  contain  no  third  harmonic.     The  reason  for 
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FIG.    3 — A   WA\'E   FORM    CONTAINING   A   FIFTH    HARMONIC 

this  is  that  the  third  harmonic  voltage  in  each  conductor 
of  the  group  /  to  .^  is  opposed  by  an  equal  and  opposite 
third  harmonic  voltage  in  one  of  the  conductors  of  the 
group  5  to  8.  For  example,  the  third  harmonic  voltage 
generated  in  conductor  /  is  neutralized  by  that  in  con- 
ductor 5;  the  third  harmonic  in  conductor  2  is  neutral- 
ized by  that  in  conductor  6;  etc.  Thus  in  the  voltage 
wave  of  a  leg  of  a  three-phase  winding,  there  is  a 
considerable  part  of  whatever  third  harmonic  that  ex- 
ists in  the  field  form;  but  with  the  phase  voltage  star- 
connected  the  third  harmonic  is  eliminated. 

If  such  a  thing  as  a  five-phase  machine  existed,  it 
would  be  found,  referring  to  Fig.  3,  that  the  voltage 
across  terminals  i  and  ?  or  any  similar  pair  of  legs 
would  contain  no  fifth  harmonic,  because  the  fifth  har- 
monic in  each  conductor  of  group  i  is  opposed  by  an 
equal  and  opposite  fifth  harmonic  voltage  in  group  2. 

In  three-phase  Y-connected  alternators  with  neu- 
trals paralleled,  the  third  harmonic  and  multiples  there- 
of are  present  in  the  circuits  connected  together  and 
these  cases  require  additional  care  for  this  reason.  It 
has  been  explained  why  the  third  harmonic  appears  in 
the  leg  voltage  of  Y-connected  windings.  Unless 
the  generators  are  of  the  same  design,  it  is  probable 


FIG.   4 — THREE-PHASE  FUNDAJIENTAL  AND  TRIPLE  HARMONIC  WAVES 

that  the  voltages  from  terminal  to  neutral  will  vaiy  in 
the  several  generators,  since  the  field  forms  are  apt  to 
vary  much  more  than  the  phase-voltage  wave  forms.  If 
these  voltages  vary,  there  will  be  circulating  current  in 
the  neutral  bus  that  may  be  objectionable.  This  diffi- 
culty may  be  avoided  by  connecting  only  one  generator 
to  the  neutral  bus,  which  will  usually  be  sufficient.     But 


if  there  is  an  appreciable  divergence  from  the  sine  in 
the  field  form  of  the  generator,  with  neutral  connected 
to  ground  or  to  a  neutral  main  in  a  four-wire  distribut- 
ing system,  the  generator  will  be  more  likely  to  cause 
telephone  trouble  than  if  the  neutral  were  not  brought 
out. 

In  a  delta-connected  armature,  conductors  /  to  .^ 
inclusive  form  the  complete  phase  (terminal  to  ter- 
minal) and  the  third  harmonic  voltage  will  be  present, 
for  reasons  already  given,  in  the  voltage  of  each  sepa- 
rate phase. 

The  difficulty  in  connection  with  delta-wound 
alternators  is  one  that  concerns  the  designer  only. 
The  delta-wound  armature  is  a  closed  series  circuit 
within  the  generator.  No  normal  frequency  current 
flows  in  this  closed  circuit  (unless  current  flows  in  the 
external  circuit)  because  the  three  voltages  are  out  of 
phase  in  such  a  relation  tliat  their  sum  is  always  zero. 
But  this  condition  does  not  hold  for  the  third  harmonic 
or  for  multiples  of  tlie  third.  The  third  harmonic  volt- 
age, or  any  odd  multiple  of  it  in  any  phase,  is  in  phase 
with    the    same    frequency    voltage    in    the    other    two 
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FIG.    5 — FIELD  FORM   CONTAINING  AN   ELEVENTH    HARMONIC  OF  TEN 
PERCENT 

phases.  Therefore,  these  higher  frequency  voltages  are 
greatly  augumented  and  circulate  currents  in  the  closed 
winding,  that  may  cause  objectionable  heating.  These 
phase  relations  of  the  fundamental  and  triple  fre- 
quency three-phase  voltages  are  shown  in  Fig.  4.  These 
higher  frequency  voltages  tliat  exist  in  the  separate 
legs  of  the  winding  will  be  consumed  in  circulating 
current  in  the  closed  delta  and  will  not  appear  in  the 
external  circuit.  This  circulating  third  harmonic  cur- 
rent not  only  increases  the  copper  loss  in  the  stator,  but 
since  it  is  a  single-phase  current,  it  also  increases  the 
losses  in  the  rotor  by  circulating  a  sixth  harmonic  cur- 
rent in  the  pole  faces  or  damper  winding  if  there  is  one. 
That  this  is  a  sixth  harmonic  current  follows  from  the 
fact  that  the  magnetomotive  force  of  the  armature,  due 
to  the  circulating  third  harmonic  current,  produces  a 
reaction  of  three  times  the  number  of  poles  of  the  ma- 
chine and  is  single-phase  and  is  therefore  a  pulsating 
field.  This  field  can  be  split  up  into  two  rotating  fields 
each  of  the  synchronous  speed  of  the  third  harmonic. 
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one  running  in  the  same  direction  as  the  rotor  and  at 
the  same  speed,  since  it  has  three  times  the  number  of 
poles  of  the  fundamental  reaction,  and  one  running  op- 
posite to  the  rotor  and  cutting  the  rotor  at  double  the 
frequency  of  the  third  harmonic  or  six  times  the  fun- 
damental, 

The  field  form  in  Fig.  i  represents  a  simple  case 
since  it  can  be  resolved  into  the  fundamental  and  only 
one  harmonic  sine  curve.  Any  field  form  can  be  re- 
solved into  a  number  of  sine  components  and  what  has 
been  shown  to  be  true  in  the  case  of  the  field  form 
chosen  is  true  in  regard  to  the  third  harmonic  compon- 
ent of  any  field  form. 

The  number  of  slots  per  phase  group,  while  not 
affecting  the  percentage  magnitude  of  the  third  har- 
monic, and  multiples  of  the  third,  may  be  quite  effective 
in  reducing  the  effect  of  other  harmonic  components  of 
the  field  form.  For  instance,  in  Fig.  5  a  field  form  is 
shown  containing  an  eleventh  harmonic  of  ten  percent. 
For  a  three-phase  winding  with  two  slots  per  phase  per 
pole  there  would  be  generated  in  coils  /  and  3  an 
eleventh  harmonic  voltage  of  ten  percent.  If  the  slots 
per  phase  per  pole  are  increased  to  four,  the  eleventh 
harmonic,  in  the  coils  from  terminal  to  neutral,  is  re- 
duced to  1.3  percent  and  if  there  are  six  slots,  the 
eleventh  is  reduced  to  1.06  percent.  If  at  the  same  time 
there  was  a  third  harmonic  in  the  field  form,  there 
would  be  generated  in  the  coils  from  terminal  to  neutral, 
a  third  harmonic  of  7.07  percent,  6.54  percent  and  6.46 
percent  for  the  respective  combinations,  thus  showing 
very  little  difference  in  the  third  harmonic  voltage  for 
the  different  groupings.  In  Fig.  5  it  is  seen  that  with 
two  slots  per  pole  per  phase  (conductors  i  and  j)  the 
slots  are  so  placed  with  respect  to  the  eleventh  harmonic 
that  the  voltages  add.  When,  however,  more  slots  are 
added,  some  of  the  slots  are  generating  voltages  in  op- 
posite directions  and  consequently  the  harmonic  voltage 
is  decreased.  With  reference  to  the  third  harmonic 
voltage,  the  phase  span  of  the  coils  is  equal  to  the  span 
of  the  third  harmonic  and  adding  more  slots  does  not 
introduce  any  negative  components  tending  to  decrease 
the  third  harmonic  voltage.* 

The  statement  is  often  made  that  even  harmonics 
never  appear  in  the  wave  form  if,  as  is  usually  the  case, 
north  and  south  poles  are  identical.  Fig.  6  illustrates 
this  condition.  It  is  evident  that  there  can  be  no  even 
harmonics  in  the  field  form  unless  each  field  is  unsym- 
metrical  and  also  unless  adjacent  fields  are  different  in 
shape.  Neither  of  these  conditions  exist  unless  the  field 
structure  is  unsymmetrical.     If,  however,  due  to  such 


*This  phenomenon  has  been  mathematically  treated  by 
Smith  &  Holding  in  the  February  1915  issue  of  the  Journal  of 
Institution  of  Electrical  Engineers  (British)  and  they  have 
found  that  any  harmonic  in  the  field  form  will  be  reproduced 
in  the  phase  voltage  provided  that  2  n  s  ±1  I  equals  the  degree 
of  the  harmonic,  where  n  =  the  integers  I,  2,  3,  etc.,  and  j  — 
slots  per  pole.  All  other  harmonics  will  only  exist  to  a  neg- 
ligible extent  with  the  exception  of  the  third  harmonic  and 
multiples  of  the  third  corresponding  to  2ns  ±  3.  The  magni- 
tude of  the  third  and  multiples  of  the  third  is  practically  con- 
stant irrespective  of  the  number  of  slots  and  ranges  between 
60  and  70  percent  of  their  value  in  the  field  form. 


construction,  the  field  form  did  contain  even  harmonics, 
they  still  would  not  appear  in  any  voltage  wave  if  tlie 
winding  were  pitch  as  in  coil  4-4.  With  this  arrange- 
ment it  is  seen  that  the  voltage  generated  by  any  even 
harmonic  flux  in  one  side  of  the  coil  is  neutralized  by  an 
equal  and  opposing  voltage  generated  in  the  other  side 
of  the  same  coil. 

If,  with  the  field  form  of  Fig.  i,  the  armature  coils, 
instead  of  having  a  throw  of  slot  /  to  slot  JJ,  have  a 
shorter  throw  of  slot  /  to  slot  p  or  two  thirds  of  full 
pitch,  there  will  be  no  third  harmonic  in  any  combina- 
tion of  conductors  since  there  will  be  an  equal  and  op- 
posite voltage  generated  in  the  two  sides  of  each  coil 
by  the  third  harmonic  component  of  the  field  form. 
Thus  chording  is  in  many  cases  an  important  means  of 
improving  wave  form.  There  is  one  value  of  chording 
that  will  completely  eliminate  any  given  harmonic.  It 
has  been  shown  that  a  two  thirds  chord  ratio  will  elimi- 
nate the  third  harmonic;  similarly  a  four-fifths  ratio 
will  eliminate  the  fifth  harmonic  and  a  six-sevenths 
ratio  will  eliminate  the  seventh  harmonic* 

It  is  not  always  possible,  of  course,  to  obtain  the 


FIG.    6— TYPICAL    WAVE     FORM      (a),     CONSISTING    OF    THE    FUNDA- 
MENTAL   (b)    PLUS    A   THIRD    HARMONIC    (c) 

*A  general  expression  for  the  ratio  of  generated  voltage 
with  a  short  pitch  winding  to  the  voltage _  of  any  frequency 
that  would  be  generated  with  a  full  pitch  winding  is : — 

.         /  '^  M 

Ratio  {or  chord  factor)  =  sm  n  I  —  X  —  I 

where: — n  =  order  of  harmonic  (for  the  fundamental 
n  =  i)  ;  t  ■=  slots  throw;  and  i  =  slots  per  pole. 

Thus,  with  a  throw  two-thirds  of  full  pitch  the  chord  factor 
for  the  third  harmonic  is  :— 

/     T  ^    \ 

Sin  3  I  —  X  —  j  or  sin  x  =  zero. 

As  an  interesting  example  of  a  value  of  chording  that  is 
very  effective  from  the  standpoint  of  good  wave  form,  con- 
sider a  winding  having  a  throw  of  10  slots  in  an  armature 
having  12  slots  per  pole ;  that  is,  a  chording  five-sixths  of  full 
pitch.  Using  the  above  general  expression,  there  is  obtamed 
at  each  frequency,  the  following  ratio  of  the  voltage  generated 
in  the  chorded  winding  to  the  voltage  which  would  be  generated 
were  the  winding  full  pitch. 

Fundamental O.906 

3rd   harmonic    0.707 

5th  harmonic  O.258 

7th   harmonic    0.258 

pth  harmonic  0.707 

Ilth   harmonic    O.966 

13th   harmonic    O.966 

iSth   harmonic    0.707 

17th   harmonic    O.258 

19th   harmonic    0.258 

If  this  generator  were  three-phase  star-connected,  the 
third  and  multiples  of  the  third  harmonic  would  be  eliminated 
from  the  phase  voltage,  the  fifth,  seventh,  seventeenth  anj 
nineteenth  would  be  reduced  to  one-quarter  of  the  value  they 
would  have  with  a  pitch  winding  and  only  the  eleventh  and 
thirteenth  would  appear  at  approximately  full  value. 
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throw  most  desirable  for  reducing  harmonics  in  the 
voltage  wave.  To  obtain  a  throw  of  four-fifths  the 
armature  must  have  15  or  30  slots  per  pole  and  a  throw 
of  six-sevenths  requires  an  armature  of  21  slots  per 
pole,  and  these  large  numbers  of  slots  are  seldom  feas- 
ible except  in  turbogenerators  having  two  or  four  poles. 


I  11  11  M  ■  P' 

injiMTLMMniLTi 


FIG.    7 
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FIG.  8 
FIGS.    7    AND   8 — THE   EFFECT   OF   TOOTH    FLUX 

It  has  already  been  pointed  out  that,  in  a  delta-con- 
nected armature,  the  third  harmonics  are  present  in 
each  phase  and  will  cause  a  circulating  third  harmonic 
current  inside  the  delta.  This  third  harmonic  voltage 
can  be  eliminated  by  the  expedient  of  the  two-thirds 
chord  just  described. 

In  the  preceding  discussion,  the  effect  of  open  slots 
on  the  field  form  and  voltage  wave  form  is  neglected. 
With  a  large  ratio  between  width  of  slot  and  length  of 
air-gap,  open  slots  may  cause  higher  harmonics  due  to 
a  cyclic  variation  of  the  reluctance  of  the  air-gap  path 
and  by  ji  shifting  of  the  flux  back  and  forth  across  the 
pole. 

In  Fig.  7  is  shown  one  pole  of  an  alternator  with 
twelve  slots  per  pole  in  the  armature.  At  the  instant 
shown  at  A  there  are  seven  teeth  under  the  pole  and  at 
instant  B  eight  teeth.  This  then  causes  the  total  flux 
to  pulsate  between  a  maximum  and  a  minimum  at  a  fre- 
quency equal  to  the  number  of  slots  per  pair  of  poles. 
This  will  usually  be  an  even  pulsation  in  the  nature  of 
12,  18  or  24  times  normal  frequency.  As  every  station- 
ary pulsating  field  can  be  considered  as  the  resultant  of 
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FIG.   9 — HARMONIC    VOLTAGE    IN     A     GENERATOR     HAVING     12     SLOTS 
PER   POLE 

two  fields  of  constant  value  rotating  in  opposite  direc- 
tions, there  will  result  one  field  rotating  against  the  di- 
rection of  rotation  of  the  rotor  and  one  with,  which  will 
generate  in  the  armature  winding  two  voltages,  one  at  a 
frequency  corresponding  to  twice  the  number  of  slots 
per  pole  plus  one;  and  the  other  at  a  frequency  corre- 


sponding to  twice  the  number  of  slots  per  pole  minus 
one. 

The  harmonics  set  up  by  a  variation  of  die  air-gap 
reluctance  is  seldom  of  much  moment  as  the  flux  must 
pulsate  in  the  entire  magnetic  circuit,  and  as  there  is 
usually  some  solid  iron  in  this  path,  such  as  the  yoke 
and  the  spider,  eddy  currents  are  generated  in  these 
parts  which  damp  out  this  pulsation.  The  tendency'  to 
pulsate  is  also  reduced  by  fringing  to  the  teeth  not  di- 
rectly under  the  pole.  In  Fig.  7  for  instance,  the  pul- 
sation would  not  be  between  the  limits  expressed  by  the 
reluctance  of  seven  teeth  and  eight  teeth,  but  between 
seven  plus  a  large  fringe  and  eight  plus  a  smaller  fringe. 

The  generation  of  harmonics  by  a  swinging  or  slid- 
ing of  the  flux  across  the  pole  is  generally  of  more  im- 
portance than  the  pulsation  due  to  a  change  in  the  total 
reluctance.  In  Fig.  8  are  shown  several  positions  of 
the  armature,  the  first  being  in  the  position  of  zero  volt- 
age and  with  the  flux  evenly  distributed  over  the  pcle ; 
that  is,  just  as  much  flu.x  on  the  right  side  as  the  left. 
As  the  armature  rotates,  the  flux  first  bunches  up  to  the 
right  hand  side  and  then  later  slides  back  and  piles  up 
on  the  left  hand  side.  There  results  therefore  a  period 
when  the  voltage  is  generated  at  a  faster  rate  than  by 


FIG.    10 — HARJIONIC    VOLTAGE    DUE    TO    DAMPER    SLOTS    IN    THE 
POLE    F.\CE 

rotation  and  then  at  a  slower  rate.  In  Fig.  9  is  shown 
such  a  voltage  generation  by  a  machine  with  twelve 
slots  per  pole,  assuming  sine  wave  flux  distribution.  It 
will  be  noted  that  the  amplitude  of  the  harmonic  volt- 
ages decreases,  owing  to  the  fact  that  the  amplitude  of 
the  main  flux  decreases  correspondingly  and  therefore 
does  not  generate  as  much  voltage  as  when  the  phase 
group  is  in  the  center  of  the  pole.  The  magnitude  of 
these  harmonics  can  be  reduced  by  making  the  ratio  of 
air-gap  to  slot  opening  high,  by  using  closed  slots,  skew- 
ing the  slots,  or  skewing  the  poles,  although  the  last  two 
methods  present  mechanical  difficulties  which  make  it 
impossible  to  apply  except  on  small  machines  or  for  ex- 
perimental work. 

The. harmonic  voltage  appearing  here  will  also  be 
equal  to  two  times  the  slots  per  pole  -  i.  In  connec- 
tion with  the  generation  of  harmonics  by  flux  swinging 
and  by  the  selective  action  of  the  armature  when  h.Tr- 
monics  exist  in  the  main  field  form,  it  is  not  evident  at 
once  that  an  even  number  of  slots  per  pair  of  poles  or 
an  even  number  of  damper  slots  in  the  field  will  pro- 
duce odd  harmonics.  Even  in  examining  the  voltage 
wave  form  on  an  oscillogram  one  would  be  led  to  be- 
lieve that  there  existed  an  even  harmonic.     In  Fig.  9 
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there  is  represented  a  harnioiiic  voltajje  due  to  a  swing- 
ing flux  and  in  Fig.  lo,  a  harmonic  voltage  due  to 
damper  slots  in  the  field  equal  to  twelve  with  twelve 
slots  per  pole  in  the  stator.  In  each  of  these  cases  the 
spacing  of  the  rijiples  and  the  number  would  indicate  a 
twenty-fourth  harmonic.  It  should  be  noted,  however, 
that  the  am])lilude  of  the  ripi)les  is  varying,  which  can- 
not be  detected  on  the  oscillogram,  and  also  that  the 
rii)ple  is  un.symmetrical  near  zero  of  the  voltage  wave. 

Referring  to  Fig.  lo  (and  the  same  argument  will 
hold  for  Fig.  6)  A  represents  the  ripple  in  the  flux 
wave,  B  the  voltage  generated  by  a  group  of  four  con- 
ductors in  this  harmonic  flux.  It  would  ajipear  that  this 
represented  a  twenty-fourth  harmonic  voltage.  In  the 
lower  part  of  Fig.  to  is  a  diagram  showing  a  twenty- 
third  and  twenty-fifth  harmonic,  each  of  half  the  mag- 
nitude of  the  maximum  rii)ple  in  B  and  also  the  sum  of 
the  twenty-third  and  twenty-fifth  shown  as  C  and  this 
is  seen  to  be  an  exact  duplicate  of  B.  Therefore  the 
true  harmonic  voltages  are  the  twenty-third  and  twenty- 
fifth,  which  equal  twice  the  number  of  slots  per  ])nle 
±  I. 

A  field  form  and  voltage  wave  form  is  shown  in 
Fig.  II  on  a  machine  which  has  eight  damper  slots 
spaced  as  eleven  in  the  field,  and  six  slots  per  pole  in 
the  stator.     According  to  the  rule,  there  could  be  an 


nC.    II — EFFECT    ON    THE    WAVE    FORM 

Of  eight  damper  slots  in  the  pole  face  and  six  per  pole  in 
the  stator. 

eleventh  or  thirteenth  harmonic  due  to  the  stator  slots 
or  a  twenty-first  or  twenty-third  due  to  the  damper 
slots.  The  field  form  shows  that  the  damper  slots  do 
produce  a  ripple  and  the  voltage  wave  form  shows  a 
twenty-third  harmonic,  so  that  the  biggest  factor  for 
producing  the  harmonic  voltage  is  the  fact  that  the  slots 
per  pair  of  poles  plus  two  in  the  field  is  a  multiple  of 
the  slots  per  pair  of  poles  in  the  stator. 

The  wave  form  obtained  from  a  loaded  alternator 
usually  diiifers  from  that  of  an  unloaded  machine  on 
account  of  the  effect  of  armature  reaction.  The  elTect 
of  the  armature  reaction  flux  is  to  distort  the  main  field 
and  shift  it  in  the  direction  of  motion  (relative)  of  the 
armature  conductors.  Fig.  12  shows  no-load  and  the 
load  waves  at  rated  current  and  80  percent  power-fac- 
tor. The  distortion  and  shift  noticeable  in  Fig.  12  will 
be  absent  with  zero  power-factor  lagging  or  leading 
since  the  main  and  armature  fields  are  then  in  phase  or 
in  phase  opposition.     The  effect  of  load  on  wave  form 


in  the  single-]ihase  alternator  will  be  nearly  the  same  as 
in  the  iiol\]ihase  alternator  providing  the  field  has  a 
suitable  dam[)ing  winding.  The  pulsating  nature  of  the 
armature  field,  which  is  never  completely  changed  by 
the  cage  winding,  tends  to  make  the  load  wave  form  of 
single-phase  alternators  depart  from  the  no-load  Vv^ave 
to  a  greater  extent  than  in  polyphase  alternators. 

In  the  majority  of  cases  the  wave  form  obtained 
with  ordinary  design  proportions  and  types  of  construc- 
tion is  well  within  the  limit  of  10  percent  -variation  from 
the  sine  approved  by  the  A.  I.  E.  E.  standardization 
rules  and  for  the  majority  of  alternator  applications  this 
standard  satisfactorily  meets  the  conditions.  Special 
applications  of  alternators  sometime  require  much  closer 
approach  to  the  sine  and  these  cases  demand  special  at- 
tention on  the  part  of  the  designer.  The  most  import- 
ant cases  of  this  kind  are : — 

a — Alternators  connected  to  transmission  lines  that  parallel 
telephone  lines   for  considerable  distances. 

li — Three-phase  Y-connccted  alternators  operated  with 
neutrals  connected  in  parallel,  as  in  three-phase  four-wire  dis- 
tribution. 

c — Three-phase  alternators  with  delta-connected  armature 
windings. 

d — Alternators  used  for  cable  testing  or  for  experimental 
work  requiring  a  sine  voltage. 

From  the  stand-point  of  inductive  interference  with 

l)aralleling   telephone   lines,    the   higher  harmonics   are 

those  to  be   avoided.     The   telephone   receiver   is   most 


FIG.    12 — TYIMC.\L    NO-l.OAU    WAVE    AND    FULL-LOAD    8o    PERCENT 
rOVVER-FACTOR  WAVE 

sensitive  to  frequencies  in  the  neighborhood  of  1100 
cycles  per  second  or  to  the  fifteenth  to  the  twenty-third 
harmonics  in  sixty  cycle  generators.  Since  nine  to  fif- 
teen slots  per  pole  are  commonly  used  in  the  largei'  al- 
ternators, trouble  from  tooth  ripples  may  be  experienced 
unless  the  designer  takes  precautions  to  obtain  good  pro- 
portions between  slot  opening  and  air-gap  (particularly 
necessary  in  alternators  wound  for  high  voltage)  and  to 
obtain  the  best  arrangement  of  the  armature  winding. 
This  is  usually  not  difficult  in  the  larger  alternators  u.sed 
for  i)Ower  transmission  and  such  machines  are  usually 
specially  designed  to  meet  the  purchasers  requirements 
so  that  the  necessary  precautions  can  be  taken.  In  the 
smaller  machines,  and  particularly  in  those  wound  for 
high  voltages  (in  which  wide  slots  are  necessary)  and 
those  directly  connected  to  low-speed  engines  or  water 
wheels  (in  which  the  air-gaps  are  normally  relatively 
small)  and  when  insurance  against  telephone  interfer- 
ence is  neces.sary,  a  considerable  increase  in  first  cost 
mav  be  involved. 
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OSCILLATING  phase  advancers  are  used  in  con- 
nection widi  wound-rotor  induction  motors  to  in- 
crease the  power-factor  of  the  current  taken 
from  the  Une  by  the  motor.  They  are  distinguished 
from  other  types  of  phase  'advancers  in  that  they  do  not 
rotate  continuously  in  the  same  direction,  but  rotate 
only  a  few  revolutions  in  one  direction  before  they  re- 
verse and  rotate  in  the  opposite  direction.  The  fre- 
quency of  reversals  is  dependent  on  the  frequency  of 
tlie  current  supplied  by  the  rotor  of  the  induction  mo- 
tor in  whose  circuit  they  are  connected. 

In  its  elementary  form  such  a  phase  advancer  con- 
sists of  a  permanent  bar  magnet  suspended,  as  shown  in 
Fig.  I,  inside  an  iron  ring,  on  which  is  a  field  winding 
so  placed  as  to  produce  a  flux  in  the  direction  XX  when 
excited  witli  direct  current.  The  bar  magnet  is  con- 
strained to  a  normal  or  zero  position  along  the  axis  YY, 
this  directing  force  being  negligible  in  comparison  with 
the  force  exerted  by  the  winding.  Then  a  low  fre- 
quency alternating  current  in  the  winding  will  set  the 
bar   magnet    into    oscillation    about    its    zero    position, 

whereby  an  interaction  is 
set  up  between  the  alter- 
nating-current and  the  in- 
ertia of  the  oscillating 
magnet.  The  angle  of  os- 
cillation depends  upon  the 
mass  of  the  magnet  which, 
with  a  bar  magnet,  must  be 
such  that  the  oscillation  is 
less  than  i8o  degrees. 
On  account  of  the  limited  angle  of  oscillation,  the 
mass  of  the  magnet  necessary  to  produce  a  given  re- 
sult would,  in  this  elementary  form,  be  so  great  tha*^  the 
phase  advancer  would  be  inefficient.  In  actual  practice 
the  relative  positions  of  the  elements  are  interchanged 
in  order  to  allow  an  angle  of  oscillation  greater  than 
i8o  mechanical  degrees,  with  corresponding  mass  re- 
duction of  the  vibrating  element,  the  magnet  being  made 
stationary,  in  which  case  its  weight  is  immaterial,  and 
the  exciting  winding  being  placed  on  the  oscillating  cle- 
ment and  provided  with  a  commutator. 

These  machines  thus  resemble  two-pole  direct-cur- 
rent machines  but  are  diflferent  in  general  proportions 
irom  standard  direct-current  motors.  They  must  be 
separately  excited,  as  the  field  required  is  constant,  the 
same  as  in  direct-current  motors,  whereas  low-fre- 
quency alternating  current  is  applied  to  the  armature. 

INDUCTION   MOTOR  CHARACTERISTICS 

In  order  to  understand  what  characteristics  tlie 
phase  advancer  must  have  to  give  the  desired  effect  on 
the  induction  motor,  some  of  the  fundamental  principles 
of  the  induction  motor  will  be  reviewed. 

The  field  of  an  induction  motor  is  set  up  by  the 
same  winding  that  carries  the  load  current,  but  the  cur- 
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rent  which  produces  the  field  is  90  electrical  degrees  out 
of  phase  with  the  load  current.  (By  load  current  is 
meant  that  current  which  is  in  phase  with  the  counter 
e.m.f.  of  the  motor  and  is  proportional  to  the  motor  in- 
put). The  combination  of  the  load  current  with  the 
magnetizing  and  leakage  currents  at  right  angles  1.^  a 
measure  of  the  power-factor  of  the  motor;  the  power- 
factor  being  low  when  the  magnetizing  current  is  a  large 
percentage  of  the  load  current  and  high  when  the  per- 
cent magnetizing  current  is  low.  If  in  a  given  motor 
the  magnetizing  current  could  be  decreased,  the  power- 
factor  at  all  loads  would  be  increased,  becoming  lOO 
percent  if  all  the  wattless  component  of  current  cculd 
be  eliminated. 


FIG.    2 — OSCILLATING    PHASE    ADVANCER 

For  raising  the  power-factor  of  a  2600  hp,  81  r.p.m. 
from  84  to  g8  percent. 


motor 


Suppose  in  a  wound  rotor  induction  motor  only 
the  load  current  be  allowed  to  flow  in  the  primary 
winding.  The  power-factor  of  this  current  is  100  per- 
cent, which  is  just  what  is  wanted,  but  there  is  no  mag- 
netizing current  to  produce  a  field  against  which  the 
load  current  could  react  to  produce  torque.  In  other 
words  it  is  a  motor  without  a  field.  Since  this  motor 
has  a  phase  wound  rotor  the  lacking  part,  the  field,  ci^uld 
be  supplied  by  applying  the  correct  value  of  current  at 
the  right  frequency  and  phase  displacement  to  the  col- 
lector rings.  The  ampere-turns  required  will  agree 
with  the  wattless  ampere-turns  taken  from  the  line 
when  operating  as  a  straight  induction  motor,  and  will 
be  in  the  same  phase  relation  with  the  counter  e.m.f.  of 
the  primary,  i.e.  lagging  90  degrees.  The  frequenc}'  of 
the  magnetizing  current  supplied  to  the  rotor  will  be 
equal  to  the  percent  slip  of  the  motor  times  the  line  fre- 
quency,  being   line    frequency   when   the   motor   is   at 
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standstill,  and  zero  or  direct  current  when  the  motor  is 
at  synchronous  speed. 

The  reactance  of  the  primary  and  secondary  of  an 
induction  motor  are  approximately  equal,  so  that  the 
voltage  required  to  send  a  certain  current  through 
either  rotor  or  stator  would  be  the  same  if  the  frequen- 
cies were  the  same.  (  A  one  to  one  ratio  is  assumed). 
But  the  frequency  in  the  rotor  is  proportional  to  the 
slip  of  the  motor,  being  one-half  line  frequency  at  one- 
half  speed  or  50  percent  slip,  and  full  line  frequency  at 
zero  speed  or  100  percent  slip,  so  that  the  voltage  re- 
quired to  force  the  magnetizing  current  through  the 
rotor  winding  would  be  proportional  to  the  slip  of  the 
motor.  Hence  the  volt  amperes  required  to  magnetize 
an  induction  motor  from  the  rotor  winding  would  de- 
pend on  the  slip  of  the  motor,  and  at  normal  full  speed 
might  be  approximately  two  to  five  percent  of  the  volt 
amperes  required  if  the  magnetizing  current  was  sup- 
plied from  the  primary  winding  at  full  frequency  and 
line  voltage. 

THE   PHASE   ADVANCER 

It  is  known  that  if  a  very  low  frequency  voltage  is 
applied  to  the  armature  of  a  separately-excited  direct- 
current  motor,  the  armature  will  accelerate  in  one  di- 
rection, decelerate  and  repeat  the  action  in  the  opposite 
direction,  passing  through  zero  speed  twice  each  cycle 
or  once  each  alternation.  When  the  current  pa.'^.ses 
through  zero,  it  has  changed  its  direction  in  the  arma- 
ture and  changes  from  an  accelerating  force  which  in- 
creases the  speed,  to  a  regenerative  or  braking  force 
which  decreases  the  speed.  From  this  it  is  evident  that 
the  speed  has  reached  a  maximum  value  when  the  cur- 
rent is  passing  through  zero.  From  its  zero  value  the 
current,  and  with  it  the  braking  force,  increases  ac- 
cording to  the  sine  law  and  brings  the  rotor  to  rest  just 
as  the  current  reaches  its  maximum  value.  The  cur- 
rent, as  it  decreases  from  the  maximum  value  to  zero, 
accelerates  the  rotor  to  its  maximum  speed  in  the  op- 
posite direction. 

Since  the  current  is  maximum  when  the  speed  is 
zero  and  the  speed  is  maximum  when  the  current  is 


FIG.   3 — WAVES    OF    INDUCED    AND    APPLIED    E.M.F. 

zero,  the  speed  and  current  are  in  quadrature.  The  ro- 
tation will  induce  a  voltage  in  phase  with  it  and  since 
the  speed  and  current  are  in  quadrature,  the  induced 
voltage  and  induced  current  are  in  quadrature  with  the 
load  current  which  accelerates  the  rotor.  This  shows 
that  the  induced  current  is  in  quadrature  with  the  load 
current,  but  does  not  show  whether  it  is  lagging  or  lead- 
ing. 

This  machine  acts  as  a  motor  when  the  speed  is  be- 
ing increased,  i.e.  when  it  is  receiving  energy  and  stor- 


ing it.  It  acts  as  a  generator  when  the  stored  energy  is- 
being  given  out  to  produce  the  quadrature  k.v.a.  When 
a  machine  is  acting  as  a  motor,  the  induced  e.m.f.  of  the 
armature  opposes  the  applied  voltage,  while  as  a  gen- 
erator the  induced  e.m.f.  is  in  the  same  direction  as  the 
terminal  e.m.f. 

This  induced  e.m.f.  and  the  applied  e.m.f.,  i.e.  the 
voltage  to  force  the  load  current  through  the  armature, 
are  plotted  with  respect  to  time,  making  both  curves 
positive  when  the  machine  is  acting  as  a  generator  as 
explained  above,  in  Fig.  3. 
In  this  figure  the  induced  volt- 
age is  at  its  maximum  value  90  ^ 
degrees  before  the  applied  volt-    " 


age  reaches  its  maximum  value, 


FIG.   4 — INDUCTION    MOTOR 
VECTOR    DIAGRAM 


showing  that  the  induced   volt- 
age and  consequently  the  induced  current  will  be  lead- 
ing with  respect  to  the  load  current. 

These  phase  relations  between  current  and  speed 
tend  to  produce  ideal  commutation  of  the  load  current, 
because  the  speed  is  maximum  when  the  current  is  zero 
and  the  speed  is  zero  when  the  current  and  consequently 
the  commutating  field  is  maximum.  The  induced  cur- 
rent is  the  only  one  that  can  cause  much  trouble,  but 
these  machines  usually  have  one  turn  coils  and  almost 
.ilways  have  induced  voltages  below  50  volts,  so  that 
the  problem  of  commutation  is  not  a  serious  one.  The 
machine  shown  in  Fig.  2  showed  practically  no  sparking" 
even  during  overloads. 

In  Fig.  4  is  shown  part  of  the  vector  diagram  of  an 
induction  motor,  Ev  being  the  primary  e.m.f.,  £b 
being  the  secondaiy  induced  e.m.f.  and  /»>  being  the- 
magnetizing  current  in  phase  with  the  field  flux,  both 
the  current  and  the  flux  being  at  right  angles  to  the  volt- 
ages. The  magnetizing  current  is  always  90  degrees 
lagging  with  respect  to  the  primary  e.m.f.  when 
acting  as  a  plain  induction  motor,  and  since  the  second- 
ary induced  e.m.f.  is  180  degrees  away  from  the  prim- 
ary, the  magnetizing  current  is  90  degrees  leading  with' 
respect  to  the  secondary  e.m.f.  This  shows  that  the 
leading  current  produced  by  the  phase  advancer  is  of 
the  correct  frequency,  and  bears  the  correct  phase  re- 
lation with  the  primary  e.m.f.  to  magnetize  the 
motor.  If  the  motor  is  magnetized  from  the  rotor,  no 
magnetizing  current  will  be  required  from  the  line  and 
consequently  the  power- factor  of  the  motor  will  be 
made  higher. 

The  inertia  and  number  of  conductors  of  the  phase- 
advancer  are  therefore  so  proportioned  that  it  will  at- 
tain a  certain  speed  and  thus  generate  enough  voltage  to- 
send  the  desired  magnetizing  current  through  the  rotor 
windings.  The  speed  which  any  such  armature  will  at- 
tain, depends  on  the  current  supplied  to  it  by  the  rotor 
of  the  induction  motor.  The  more  current  supplied,  the- 
higher  will  be  the  speed  and  induced  voltage,  and  fince 
the  current  supplied  depends  on  the  load  on  the  induc- 
tion motor,  the  phase  advancer  will  have  a  higher  volt- 
age and  give  a  greater  corrective  efifect  under  load  than> 
with  practically  no  load. 
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At  no  load  there  will  not  be  enough  current  through 
■the  phase  advancer  to  make  it  oscillate,  so  that  at  no 
load  the  power-factor  may  be  reduced  slightly  due  to 
the  added  reactance  in  the  rotor  circuit.  As  the  cur- 
rent in  the  rotor  increases,  due  to  the  load,  the  phase  ad- 
vancer will  begin  to  oscillate  and  the  maximum  speed 
attained  will  increase  as  the  load  is  increased  until  the 


series  conductors  and  inversely  with  both  the  slip  fre- 
quency and  the  moment  of  inertia.     This  expressed  in 


m 


FIG.    5- 
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-CONNECTIONS   OF   PHASE  ADVANCER 
TO    MOTOR    SECONDARY 
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time  between  oscillations  becomes  so  short,  due  to  the 
increased  slip  and  rotor  frequency,  that  the  increased 
torque  due  to  the  increasing  load  current  will  be  coun- 
terbalanced by  the  decreased  time  in  which  the  rotor  has 
to  accelerate.  Therefore  with  any  certain  induction 
motor  and  phase  advancer,  there  is  a  point  of  maximum 
corrective  k.v.a.  beyond  which  an  increase  of  current 
will  give  less  correction. 

The  phase  advancer  also  acts  similar  to  a  condenser 
in  supplying  a  leading  current  in  the  rotor  and  this  has 
the  effect  of  increasing  the  pull  out  torque  of  the  mo- 
tor by  decreasing  its  resultant  reactance.  The  mag- 
netizing k.v.a.  which  is  used  to  magnetize  the  motor 
through  the  rotor  as  above,  is  taken  from  the  line  as  a 
power  component  which  is  stored  in  the  flywheel  ca- 
pacity of  the  rotor  of  the  phase  advancer  and  given  out 
a  quarter  of  a  cycle  later. 

Most  induction  motors  have  three-phase  rotor  cir- 
cuits and  as  the  phase  advancer  is  essentially  a  single- 
phase  machine,  three  armatures  will  be  required,  one 
for  each  phase.  These  armatures  may  be  in  one  frame, 
as  shown  in  Figs.  2  and  5,  or  in  separate  frames,  al- 
though having  the  three  armatures  in  one  frame  makes 
the  machine  lighter  and  more  easily  handled.  The  arm- 
atures may  be  connected  in  star  or  delta,  depending  on 
the  current  to  be  handled.  The  star  connection  is  used 
for  the  smaller  sizes  where  the  current  per  commutator 
is  not  large.  When  the  current  per  commutator  makes 
the  commutator  too  long  to  build  with  the  star  connec- 
tion, the  armatures  are  put  in  delta,  whereupon  the  cur- 
rent is-  decreased  to  57  percent  of  its  former  value. 

The  voltage  induced  by  an  armature  depends  on 
the  number  of  conductors  in  series  on  the  armature,  on 
the  field  strength,  and  on  the  velocity  with  which  the 
armature  rotates.  The  velocity  depends  on  the  field 
strength,  the  number  of  conductors, the  current  per  con- 
ductor, and  inversely  on  the  time  it  has  to  get  up  speed 
before  it  begins  to  decelerate  (i.e.  the  slip  frequency  = 
sf)  and  also  inversely  as  the  moment  of  inertia  of  the 
armature.  The  voltage  induced,  or  the  corrective  ac- 
tion, depends  directly  on  the  load  current  per  conductor, 
and  on  the  square  of  both  the  flux  per  pole  and  the 


a  formula  is : — 


k  {•fXwY  I 


sf  X  mi 

Where  e  =  volts  induced ;  <t>  =  flux  per  pole ;  10  = 
series  conductors ;  .y  =  percent  slip ;  /  =  line  frequency ; 
/  =  load  current;  mi  =  moment  of  inertia;  k  =  con- 
stant. 

The  moment  of  inertia  varies  with  the  mass  times 
the  square  of  the  radius  of  g)'ration,  and  since  the  mass 
varies  with  the  volume  and  the  radius  of  g>'ration  is 
dependent  on  the  diameter  the  moment  of  inertia  varies 
with  D^L  X  D^  or  D*L.  Hence  the  diameter  aflfects 
the  output  as  the  fourth  power  and  consequently  is  kept 
as  small  as  possible.  The  voltage  varies  with  the  square 
of  the  flux  and  conductors  so  that  these  are  made  as 
large  as  possible.  The  flux  being  large  and  the  diame- 
ter small,  the  length  is  increased  in  order  to  keep  the 
densities  low. 

From  these  limitations,  such  machines  will  always 
have  very  long'  armatures  and  commutators.  Ball  bear- 
ing are  used  to  decrease  as  far  as  possible  the  braking 
action  of  the  bearings,  while  the  small  diameter  of  the 
commutator  and  armature  tend  to  minimize  brush  fric- 
tion and  windage,  which  decrease  the  output  of  the 
machine.  These  machines  are  not  good  self-ventilators 
on  account  of  their  low  average  speed  and  because  they 
do  not  rotate  continuously  in  one  direction.  For  this 
reason  they  are  practically  always  built  for  forced  ven- 
tilation. 


FIG.   6 — PERFORMANCE  CURVES  OF  260O  HP,  THREE-PHASE,  25  CYCLE, 
36    POLE,   81    R.P.M.    INDUCTION    MOTOR 

Solid  lines — Motor  alone. 

Dotted  lines — Motor  with  phase  advancer. 

Phase  advancers  of  this  type  are  limited  to  use  with 
motors  having  a  fairly  low  slip.  In  large  machines,  the 
slip  frequency  should  not  be  much  more  dian  one  cycle 
per  second  and  in  smaller  machines  it  may  run  as  high 
as  one  and  one  half  cycles  per  second.  For  the  same 
reason,  these  machines  are  more  applicable  to  twenty- 
five  cycle  than  to  sixty  cycle  motors. 
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B.  G. 
EDISON    SINGLE-REDUCTION    MOTOR 

The  Sprague  double-reduction  motor  was  one  of 
the  best  of  its  type,  and  persisted  longest  of  any  of  this 
type.  However,  the  Edison  Company  who  had  taken 
over  the  manufacture  of  the  Sprague  motor,  finally 
recognized  that  the  day  of  the  double-reduction  motor 
was  past  and  a  single-reduction  motor  was  then  gotten 
out.  This  was  a  steel  frame  four-pole  motor.  The 
armature  was  of  comparatively  large  diameter  and,  ac- 
cording to  the  writer's  memory,  was  of  the  surface- 
wound  type.  An  attempt  was  made  to  retain  some  of 
the  features. of  the  Sprague  double-reduction  motor,  by 
having  commutated  field  coils,  but  due  to  the  more 
highly  saturated  magnetic  circuits,  this  was  not  very 
satisfactory.     This  motor  had  a  comparatively   short 
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or,  Railv/ay  iVlotor  in  America 

Lam  ME 
the  competing  companies  used  the  ring-type,  the  writer 
was  "hard  put"  at  times  to  defend  his  company's  prac- 
tice. Many  and  long  were  the  arguments  which  he  had 
on  this  score.  At  one  time  it  looked,  to  an  outsider,  as 
if  the  ring-type  was  capturing  the  field.  This  was 
when  the  Short  single-reduction  motor  and  the  Thom- 
son-Houston "WP"  were  the  principal  competitors  of 
the  Westinghouse  single-reduction.  Both  the  former 
motors  had  ring-type  armatures  against  the  Westing- 
house  drum-type.  However,  practical  operation  gradu- 
ally developed  the  superiority  of  the  drum-type  and  the 
use  of  machine-wound  armature  coils  had  much  to  do 
with  deciding  the  problem,  for  unquestionably  the  ma- 
chine-wound armature  coil  was  much  more  applicable 
to  the  drum-type  than  to  the  ring.  Moreover,  there 
were  inherent  weaknesses  in  the  ring-type,  such  as  the 


FIG.   8 — EDISON   SINGLE  REDUCTION    MOTOR 


commercial  life  and  it  was  evidently  simply  rushed  into 
the  market  to  meet  the  competition  of  other  single-re- 
duction motors. 

THE   SHORT   SINGLE-REDUCTION    MOTOR 

Professor  Short,  early  recognizing  the  trend  of  de- 
velopment, got  out  a  single-reduction  railway  motor 
along  lines  somewhat  similar  to  his  former  double-re- 
duction. The  principal  difference  was  that  this  new 
motor  was  of  a  four-pole  instead  of  two-pole  type. 
The  disc  type  of  armature,  with  side  poles,  was  retained 
along  with  most  of  the  other  characteristic  features  of 
the  older  motor.  This  motor  attracted  much  attention, 
but  as  it  possessed  a  number  of  fundamentally  wrong 
features,  such  as  a  ring  type  of  armature,  danger  from 
unbalanced  side  pull,  etc.,  it  was  a  type  which  was 
doomed  to  disappear  eventually. 

In  this  early  period  of  the  single-reduction  motor, 
the  belief  was  held,  rather  generally,  that  the  ring-type 
railway  armature  was  essentially  superior  to  the  drum- 
type.  As  the  Westinghouse  Company  never  put  out 
anything  but  the  drum-type  railway  armatures  and  as, 
at  different  stages  in  the  early  development,  several  of 


FIG.    9 — SHORT    SINGLE   REDUCTION   OR   W.ATER   TIGHT    MOTOR 

use  of  non-magnetic  spiders,  methods  of  attaching  the 
spider  to  the  core,  etc.  In  the  light  of  present  experi- 
ence, it  IS  surprising  that  the  ring-type  armature  made 
as  good  showing  as  it  did. 

GEARLESS    MOTORS 

Following  the  success  of  the  single-reduction  mo- 
tors, two  of  the  companies,  namely,  the  Westinghouse 
and  the  Short,  attempted  to  make  gearless  motors  along 
the  same  general  lines  as  the  single  reduction  type.  The 
Westinghouse  Company  put  out  two  constructions,  one 
having  four  poles  and  the  other  having  six,  the  latter 
being  considerably  lighter.  However,  both  of  these  mo- 
tors were  too  heavy  and  it  soon  developed  that  the  gear- 
less  principle  w^as  not  a  satisfactory  one  for  ordinary- 
street  car  purposes,  due  largely  to  undue  weight  di- 
rectly on  the  axle,  and  to  the  difficulty  in  removing  an 
armature  from  the  axle,  in  case  it  was  necessary  for 
repair  purposes. 

The  Short  Company  built  a  gearless  motor  along 
the  same  lines  as  its  single-reduction  and  tested  it  out  in 
practice,  but  it  was  soon  abandoned  for  the  same  gen- 
eral reason  as  the  Westinghouse,  namely,  that  the  gear- 
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less  principle  was  fundamentally  incorrect  for  ordinary 
street  railway  service. 

FURTHER    DEVELOPMENTS    OF    SINGLE-REDUCTION    MOTORS 

As  indicated,  the  Edison  motor  soon  dropped  out 
of  the  running.  It  contained  nothing  lasting  in  its 
type.  Also,  although  it  persisted  longer  than  the  Edi- 
son, the  Short  type  gradually  dropped  out.  Meanwhile 
the  Edison  and  the  Thomson-Houston  Companies  had 
combined  and  formed  the  General  Electric  Company. 
This  company  continued  to  develop  its  railway  motors 
in  the  attempt  to  find  something  better  than  its  W.  P., 
already  described.  The  Westinghouse  Company  also 
persisted  in  its  development,  principally  with  a  view  to 
reducing  the  size  and  weight  of  the  No.  3  motor.  The 
future  development  of  the  railway  motors,  therefore, 
lies  almost  entirely  with  these  two  companies. 

The  Walker  Coni[)any,  about  1895  f^''  1896,  ap- 
peared on  the  market  with  a  railway'  motor  and  did  a 
very  considerable  amount  of  business  until  absorbed  by 
the  Westinghouse  Company.  The  Lorain  motor  at- 
tracted considerable  attention  for  a  time,  but  was  also 
taken  over  by  the  Westinghouse  Company.  Both  of 
these  were  so  nearly  along  the  general  lines  of  the 
Westinghouse,  that  they  need  not  be  considered  as  spe- 
cial types. 

L.^TICK  TVPICS  OF  WESTINGHOUSE  MOTORS 

After  the  No.  3  Westinghouse  motor  had  proved 
to  be  commercially  a  very  successful  type,  the  writer 
turned  his  attention  toward  improvement  in  its  general 
type  without  losing  any  of  the  more  advantageous  fea- 
tures.    One  of  the  features  in  the  design  of  the  No.  3 
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Mc.  10 — WEsnx(;iiousE  no.  12  iMOTOR 
was  the  use  of  as  many  slots  in  the  armature  as  there 
were  armature  coils  and  commutator  bars.  This  was 
supposed  to  give  ideal  magnetic  symmetry  and,  there- 
fore, was  assumed  to  be  the  best  possible  arrangement. 
However,  the  writer  in  going  over  the  magnetic  prin- 
ciples and  proportions  of  the  motor,  decided  that  by 
sacrificing  magnetic  symmetry  to  a  certain  extent,  con- 
siderable gains  could  be  made  in  reducing  the  dimen- 
sions of  the  machine.     For  instance,  calculations  indi- 


cated that  by  cutting  the  number  of  armature  slots  to 
half  the  number  of  armature  coils  or  commutator  bars, 
there  would  be  an  appreciable  saving  in  slot  space  with 
a  corresponding  gain  in  iron  section  in  the  armature 
teeth  which  was  one  of  the  limiting  conditions  in  the 
machine.     However,  this  involved  the  use  of  two  coils 


FIG.    II — ARMATURE   OF   WESTINGHOUSE    NO.    12    MOTOR 

side  by  side  per  slot  and,  with  a  four-pole  machine  it 
meant  an  unsymmetrical  armature  winding,  for,  with 
the  two-circuit  winding  on  a  four-pole  machine,  an  odd 
number  of  armature  coils  was  necessary.  This  meant 
an  idle  coil,  or  idle  coil  space,  on  the  armature.  This 
was  considered  as  detrimental  in  theory,  but,  on  the 
other  hand,  it  was  believed  that  the  wider  armature  slots 
with  their  lower  self-induction,  together  with  the  much 
shorter  armature  core  resulting  from  this  construction, 
might  compensate  for  some  dissymmetry  in  the  winding. 
This  was  only  a  theory,  but  it  was  thought  worth  while 
trying  out.  According  to  the  calculations,  with  this 
construction  together  with  higher  speed  due  to  increased 
gear  ratio,  the  old  No.  3  motor  armature  (keeping  the 
same  diameter)  could  be  shortened  about  40  percent  and 
the  field  could  be  modified  in  proportion.  This  meant 
a  very  considerable  reduction  in  size  and  weight  and 
was  well  worth  going  after.  A  trial  machine  was  built 
and  tested  and,  instead  of  being  materially  poorer  in 
commutation,  it  developed  that  the  gain  due  to  the  wider 
slots  and  shorter  core,  more  than  offset  any  harmful 
effects  of  the  unsymmetrical  winding,  so  that  the  resul- 
tant machine  was  a  somewhat  better  commutating, 
cooler,  more  efficient  and  much  lighter  machine  than  the 
No.  3.  This  was  a  somewhat  startling  result,  but  the 
tests  showed  conclusively  that  it  was  correct.  It  was 
then  arranged  to  bring  out  a  new  Westinghouse  motor 
to  take  the  place  of  the  No.  3.  It  was  decided  to  go  as 
far  as  possible  in  reducing  the  dimensions  and  weight 
of  this  machine  and,  therefore,  the  supporting  or  sur- 
rounding frame  of  the  No.  3  motor  was  abandoned  and 
extensions  from  the  yoke  of  the  motor  itself,  forming 
the  end  housings,  w^re  designed  to  carry  the  armature 
bearings.  In  this  way  a  further  reduction  in  weight  re- 
sulted. 

THE    WESTINGHOUSE   NO.    12    MOTOR 

This  new  motor  was  known  as  the  Westinghouse 
No.  12.  In  this  motor  the  lower  half  of  the  field  was 
enclosed  by  means  of  the  end  housings.  The  armature 
winding  was  of  the  formed-coil  type,  like  the  No.  3, 
arranged  in  two  layers  and  with  the  end  windings  ham- 
mered down. 
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Very  shortly  after  this  motor  was  put  out  an  im- 
proved form,  known  as  the  No.  12-A  was  brought  out. 
This  was  quite  similar  in  general  to  the  No.  12.  The 
principal  improvement  in  the  No.  12-A  was  in  the  arma- 
ture construction.  The  armature  core  was  ventilated, 
to  secure  increased  continuous  capacity  and  the  arma- 
ture winding  was  of  the  modern  type  with  all  coils  of 
the  same  size  and  shape,  and  arranged  symmetrically. 
The  armature  core  of  this  machine  was  quite  highly 
saturated  at  heavy  load  and  this  was  found  to  ma- 
terially improve  the  commutation.  This  No.  12-A  mo- 
tor was  found  to  be  quite  superior  to  any  preceding 
motors  in  its  general  characteristics,  especially  in  its 
continuous  capacity. 

In  its  field  construction  it  resembled  the  old  No.  3, 
in  the  fact  that  it  had  cast  iron  yoke  and  poles  and  the 
field  poles  were  cast  integral  with  the  yoke  and  were 
straight-sided  so  that  the  field  coils  could  be  slipped  on 
directly  over  the  pole  tips.  There  was  one  feature  in 
these  motors  and  their  variations  which  materially  af- 
fected their  operation,  but  which  was  not  fully  appre- 
ciated at  the  time  they  had  been  designed,  namely,  the 


FIG.    12 — WESTINGHOUSE   NO.   38   MOTOR 


Therefore,  in  the  armature  three  coils  per  slot  were  used 
instead  of  two,  thus  gaining  in  armature  tooth  section. 
This,  the  writer  believes,  was  the  first  use  of  the  three- 
coil-per-slot  arrangement  in  railway  motors.  This  first 
No.  38  solid  steel  pole  motor  showed  unduly  high  losses 
due  to  the  solid-pole  construction.  Immediately  it  was 
changed  to  laminated  pole  construction  with  the  poles 
cast  integral  with  the  yoke.  This  apparently  was  the 
first  use  of  laminated  poles  with  steel  yokes,  in  street 
railway  motors. 

This  No.  38  motor  represented,  with  minor  differ- 
ences, the  present  type  of  railway  motor.  One  prin- 
cipal difference  was  in  the  cast-in  laminated  poles,  in- 
stead of  the  present  practice  of  bolted-in  laminated 
poles.  It  had  ventilated  armature  windings  and  rela- 
tively high  saturation  in  the  armature  core  to  help  com- 
mutation at  heavy  loads.  Also  with  the  three-coil-per- 
slot  arrangement,  with  four  poles,  a  more  symmetrical 
armature  winding  was  possible  than  in  the  two-coil-per- 
slot  No.  12-A  motor,  there  being  no  idle  coils.  In  the 
former  motors  the  bearings  were  lubricated  with  grease, 
as  was  the  common  practice  in  all  motors  at  that  time. 
However,  when  heavier  and  more  diffi- 
cult service  was  encountered,  as  was  the 
case  with  the  No.  38,  which  was  of 
higher  capacity  than  most  of  the  former 
motors,  it  was  found  that  the  grease 
method  was  not  very  effective.  This 
resulted  in  a  modification  which  pro- 
vided a  felt  wick  and  an  oil  well  under 
both  the  armature  and  axle  bearings,  so 
that  the  motor  was  adapted  for  use 
either  with  grease  or  oil.  This  was  on 
the  No.  38-B,  which  was  a  modification 
of  the  No.  38.  Like  all  compromises 
which  attempt  to  adopt  all  the  good  fea- 


effect  of  the  cast-iron  poles  in  improving  the  commu- 
tation. The  pole  tips  of  these  motors,  as  a  rule,  were 
somewhat  smaller  in  cross-section  than  the  pole  bodies 
or  cores  and,  therefore,  there  was  quite  high  satura- 
tion in  the  pole  tips,  particularly  at  heavy  load.  This 
high  saturation  had  very  much  the  effect  of  the  "cut- 
away" pole  corners,  used  later  on  laminated  pole  ma- 
chines. 

THE  WESTINGHOUSE  NO.  38  MOTOR 

Recognizing  that  in  the  No.  12-A  motor  the  general 
typt  of  construction  had  been  carried  as  far  as  possi- 
ble, due  to  the  limitations  in  the  cast-iron  field  structure, 
it  was  decided  to  attempt  a  different  field  construction, 
in  which  the  limitations  in  design  could  be  pushed  up 
very  considerably.  This  was  embodied  in  the  Westing- 
house  No.  38  motor.  This  motor,  in  general  type,  was 
similar  to  the  No.  12-A,  except  that  in  the  first  motor 
built,  the  field  was  made  of  solid  cast  steel,  both  poles 
and  yoke,  with  the  poles  cast  integral  with  the  yoke. 
This  construction  allowed  very  materially  higher  field 
fluxes  than  in  the  former  motors,  so  much  so  that  again 
the    armature    teeth    became    the    limit    in    saturation. 


tures  of  all  methods,  it  was  only  moder- 


ately successful,  although  it  served  to  keep  the  motors 
in  ser\'ice  for  many  years. 

WESTINGHOUSE  NO.  49  MOTOR 

This  motor  had  much  the  same  lines  as  the  No. 
38-B.  It  had  laminated  poles  cast  in.  The  fractional 
pitch  or  "chorded"  type  of  armature  winding  was  pur- 
posely used  in  this  motor  to  improve  commutation,  care- 
ful shop  tests  being  made  with  an  approximately  full 
pitch  and  with  various  chorded  windings  to  find  what 
would  give  the  best  result.  It  was  found  that  a  "throw" 
of  the  armature  coil,  one  and  one-quarter  slots  less  than 
full  pitch,  gave  materially  better  commutation  than  any 
other  combination.  Chorded  windings  had  been  used 
on  other  types  of  machinery,  to  a  limited  extent,  before 
this,  but  it  is  believed  that  this  was  the  first  time  that 
it  was  used  on  a  railway  motor  purely  for  the  purpose 
of  improving  commutation. 

THE  G.   E.    NO.   800  MOTOR 

This  was  a  new  motor  gotten  out  by  the  General 
Electric  Company  to  replace  the  W.  P.  It  was  a  four- 
pole  machine  with  two  salient  and  two  consequent  poles. 
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This  was  a  more  symmetrical  type  of  machine  than  the 
W.  P.,  but  yet  was  not  a  purely  symmetrical  machine, 
such  as  the  Westinghouse  motors  from  No.  3  on,  and 
the  later  types  of  G.  E.  motors.  Its  designation  of  No. 
800,  was  a  new  method  of  rating,  to  indicate  its  tractive 
effort  instead  of  its  horse-power.  Its  nominal  rating 
was  about  27  hp.  This  tractive  effort  method  of  rating 
was  carried  into  several  other  sizes  such  as  the  G.  E. 
1200  and  G.  E.  1000. 

This  G.  E.  No.  800  motor  was  a  very  considerable 
improvement  over  the  W".  P.,  but  possessed  certain  fun- 
damental defects.  For  instance,  the  consequent  pole 
arrangement  meant  very  considerable  magnetic  fluxes 
through  the  shaft  and  bearings  with  consequent  tend- 
ency for  unipolar  action  in  the  bearings,  the  bearing 
shells  and  surface  forming  the  collecting  brushes. 
Therefore,  there  was  a  tendency  for  current  in  such 
bearings,  as  in  all  consequent-pole  machines.  It  may  be 
assumed  that  this  defect  was  encountered,  for  in  some 
of  these  motors  very  deep  bronze  shells  were  used,  ap- 
parently for  the  purpose  of  introducing  so  large  a  gap 
in  the  shaft  magnetic  path  that  the  flux  through  the 
bearings  would  be  minimized  to  a  non-injurious  point. 
Moreover  as  in  consequent  pole  machines  in  general, 
the  commutating  zones  were  not  truly  symmetrical  and 
thus  commutation  troubles  were,  to  a  certain  extent, 
existent. 

A  similar  motor  to  the  No.  800  was  the  No.  1200. 
Both  of  these  motors  persisted  for  several  years,  but 
were  later  dropped  in  favor  of  the  radial  pole  type  with 
salient  poles  of  which  the  G.  E.  1000  was  an  example. 


FIG.    13 — G.    E.   800    .\I0IIJK    WllH    CUMMUIAIOR    LID   OPEN 

From  this  point  on  the  general  design  of  the  direct- 
current  railway  motors  of  all  manufacturers  has  been 
practically  along  the  same  lines.  In  other  words,  a  de- 
finite type  has  become  universal.^  The  fundamental  fea- 
tures of  this  universal  type  may  be  classified  as  fol- 
lows : — 

I — Outside   cylindrical   or   approximately   cylindrical   yoke. 
2 — Extension  of  the  yoke  to  form  protecting  end  housings 

and  to  carry  the  bearings. 
3 — Radial  field  poles,  usually  four  in  number. 
4— Laminated  field  poles. 
5— Bolted-in  field  poles. 
6— Field  coils  without  bobbin  shells. 

( Mummified  coils) 
7 — Drum  wound  armature. 
8 — Slotted  armature  core. 

9— Two-Circuit  or  series   direct-current   winding. 
io--Two  or  more  armature  coils  per  slot. 
II— Machine     wound     armature     coils,     insulated     before 
placing  on  the  core. 


12 — Relatively  thin  mica  between  commutator  bars. 

It  is  of  interest  to  note  how  many  of  these  char- 
acteristics appeared  in  the  very  early  motors.  For  in- 
stance, /,  J,  6,  7,  8,  9,  II  and  12  all  appeared  in  the 
original  experimental  Westinghouse  single-reduction 
motor  described,  which  later  was  developed  into  the 
No.  3.  Item  No.  2  appeared  in  the  Westinghouse 
No.    12  and   in  the  Thomson-Houston  "W.P."   motor. 


FIG.    14 — G.    E.     1000    MOTOR,    OPE.M 

Item  ./  first  appeared  in  the  Westinghouse  No.  38  mo- 
tor. Item  5  appeared  in  one  of  the  earliest  radial-pole 
G.  E.  motors  and  also  in  the  Westinghouse  Nos.  56,  68 
and  69.  Item  10  appeared  first  in  the  Westinghouse 
No.   12  motor. 

Thus  it  is  obvious  that  the  Westinghouse  No.  3 
motor,  in  its  first  experimental  form  (back  in  1890), 
contained  nearly  all  the  fundamental  features  of  the 
present  universal  type.  The  end  housings  carrying  the 
bearings  and  the  laminated  bolted-in  poles,  constitute 
the  two  principal  additional  developments.  Moreover, 
the  experimental  No.  3  motor  did  partially  contain  the 
element  of  enclosing  end  housings.  Thus  it  may  safely 
be  stated  that  the  No.  3  motor  practically  fixed  the  type 
of  the  modern  railway  motor. 

It  may  also  be  mentioned  that  there  was  much  ar- 
gument over  the  various  types  of  armature  windings 
used  by  different  manufacturers.  In  connection  with 
the  machines-wound  coil,  as  used  on  the  No.  3  motor, 
many  weird  claims  were  made  for  it.  In  one  case 
within  the  writer's  know-ledge,  an  over-enthusiastic 
representative  of  the  company,  with  practically  no 
knowledge  of  the  luatter,  assured  a  customer  (  and  he 
was  doubtless  sincere  in  his  assurance)  that  spare  coils 
could  be  carried  along  with  the  car  and  in  case  of  a 
burn-out,  the  trap-door  could  be  lifted  and  new  arma- 
ture coils  dropped  in  place.  In  this  case,  fortunately, 
the  customer  actually  knew  both  what  could  and  could 
not  be  done  and  he  had  many  a  good  laugh  afterwards 
while  telling  the  incident. 

LATER    MOTOR   DEVELOPMENTS 

Following  the  Westinghouse  No.  49  and  the  G.  E. 
No.  1000,  the  developments  of  the  two  companies  might 
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be  said  to  be  so  nearly  along  the  same  general  lines  that 
the  differences  were  largely  indetails,  although  some  of 
the  improvements  in  details  were  of  great  importance. 
A  few  of  the  improvements  in  the  Westinghouse  later 
motors  might  be  mentioned.  The  General  Electric 
Company  had  already  adopted  bolted-in  poles,  following 
the  Westinghouse  No.  38  motor  with  cast-in  poles.  The 
Westinghouse  followed  in  its  No.  56  and  No.  68  motors 


FIG.    15 — WESTINGHOUSE    -NO.    68    MOTOR 


with  bolted-in  poles.  Both  of  these  motors  had  venti- 
lated armature  windings  and  curved  field  coils,  this 
latter  practice  being  derived  from  the  Walker  and 
Lorain  motors,  both  of  which  companies  had  been  taken 
over  by  the  Westinghouse.  In  the  No.  68  motor  the 
alternate  corners  of  the  pole  tip  laminations  were  cut 
away,  in  order  to  give  a  higher  degree  of  saturation  with 
heavy- load  and  thus  lessen  the  field  distortion  and  re- 
duce loss  in  the  pole  face.  This  had  been  common  prac- 
tice for  some  time  in  the  railway  generators.  Various 
detail  improvements  were  also  incorporated,  notably, 
brush  holders  with  adjustable  spring  tension. 

THE    WESTINGHOUSE    NO.    lOI    MOTOR 

A  most  important  step  in  the  development  of  the 
street  railway  motor  came  in  1904  in  the  Westinghouse 
No.  loi  motor.  In  this  motor  it  was  planned  to  incor- 
porate all  the  requirements  of  service  as  indicated  up 
to  that  lime,  together  with  all  the  good  resulfs  found  in 
previous  motors.  The  No.  loi-B  motor,  which  was  a 
modification  of  the  original  No.  loi,  has  had  a  most 
enviable  reputation.  It  contained  a  number  of  most  de- 
sirable features,  such  as  field  coils,  wound  in  a  straight 
mould,  of  co]iper  strap  insulated  with  asbestos  paper 
between  turns ;  a  symmetrical  armature  winding  with 
three  coils  side  by  side  per  slot  and  no  idle  coils,  arma- 
ture coils  banded  solidly  to  coil  supports,  and  com- 
pletely enclosed ;  armature  core  and  commutator  built 
up  on  a  spider,  thus  permitting  the  shaft  to  be  replaced 
without  interfering  with  the  armature  winding  or  core ; 
brushholders  insulated  in  the  same  way  as  more  modern 
motors,  with  micarta  tubes  protected  by  cartridge  shells, 


and  clamped  lirnily  in  position,  allowing  for  radial  ad- 
justment. 

Probably  the  most  noteworthy  improvement  in  the 
No.  iqi-Ij  motor  was  in  the  armature  bearings  and 
lubrication.  I'he  journals  were  made  larger,  the  shafts 
of  a  higher  grade  of  material  and  the  old  system  of  com- 
bined oil  and  grease  was  discarded  and  oil-soaked 
woolen  waste  was  substituted.  This  motor  had  the 
armature  bearings  carried  in  housings  which  were 
bolted  to  the  top  half  of  the  held  and  clani[)ed  between 
the  two  halves  of  the  field.  The  housings  had  large 
reservoirs  for  the  oil  and  waste  and  allowed  for  seper- 
ate  gaging  of  the  oil.  This  motor  made  a  phenomenal 
record  in  resiiect  to  armature  lubrication.  Where 
former  motors  were  overhauled  each  two  or  three 
months,  in  order  to  change  the  bearings,  with  the  No. 
loi-T)  it  was  unnecessary  to  change  bearings  until  they 
•  had  been  operated  several  years. 

The  above  improvements  were  not  added  without  a 
substantial  increase  in  weight,  which,  however,  was 
considered  well  worth  while.  This  motor  had  a  tre- 
mendous sale  and  there  are  still  operating  companies 
who  prefer  the  No.  loi-B  to  any  of  the  more  modern 
motors  which  have  been  developed.  Other  sizes  cor- 
responding to  the  No.  loi-B  were  the  No.  92  and  No. 
93-A. 

COMML'T.\TlNG    POLES    IN    R.-\ILWAV    MOTORS 

The  next  great  improvement  in  railway  motors 
came  in  1907  and  1908  in  the  use  of  commutating  poles. 
In  stationary  motor  practice,  a  number  of  electrical 
manufacturing  companies  had  used  commutating  poles 
for  motor  work,  especially  for  variable  speed  service 
over  wide  ranges.  It  was  but  a  direct  step  from  this 
to  the  use  of  commutating  poles  in  railway  motors. 
However,  the  General  Electric  Company  was  the  first 
to  put  such  motors  on  the  market,  to  be  followed  soon 
after  by  the  Westinghouse  Company  in  their  No.  300 
line  of   motors,   Nos.   305,   306  and  307   being  motors 
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.\0.    101    p.   -MOTOR 


which  corresponded  to  non-comutating  motors  imme- 
diately preceding  them.  These  motors  had  all  the  me- 
chanical characteristics  and  general  features  of  design 
of  their  predecessors,  with  the  addition  of  the  commu- 
tating poles.  Since  that  time  commutating  poles  in  rail- 
way motors  have  been  so  thoroughly  established  that 
no  new  railway  motors  would  be  considered  without 
them. 
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LIGHT-WEIGHT    MOTORS 

Somewhat  later  than  this  an  agitation  was  started 
against  excessive  weight  in  cars,  trucks  and  electrical 
equipments.  This  agitation  bore  fruit,  and  a  weight 
cutting  campaign  began  which  has  resulted  in  the 
adoption  of  extremely  light  weight  cars,  trucks  and  mo- 
tors. The  question  of  car  and  truck  design  may  not  be 
discussed  here,  although  it  looks  now  as  if  the  weight- 
cutting  campaign  has  gone  past  the  best  limit.  How- 
ever, a  large  part  of  the  reduction  in  the  weight  of  mo- 
tors has  been  entirely  logical  and  is  largely  the  result  of 
careful  design  and  improvements  in  ventilation.  Mo- 
tors are  now  built  with  large  fans,  mounted  on  the 
pinion  end  of  the  armature  shaft,  which  pull  air  through 
the  armature  core  and  over  the  surface  of  the  armature 
and  between  the  field  windings,  which  has  made  an  in- 


crease of  probably  50  percent  in  the  continuous  rat- 
ing of  the  motors.  In  addition  to  this,  the  armature 
speed  has  been  very  considerably  increased  and  the 
gears  have,  in  many  cases,  been  changed  from  3-pitch, 
to  31 1-,  4  and  even  4)^. 

Open  ventilation  of  the  motors  has  been  a  natural 
consequence  of  the  great  improvement  in  insulation 
made  in  the  last  few  years.  The  early  motors  were 
made  open  to  the  weather  but  this  had  to  be  abandoned 
because  of  the  large  amount  of  insulation  trouble.  After 
a  good  many  years  with  the  enclosed  motor,  it  gradu- 
ally became  the  practice  to  open  the  motor  up  somewhat 
for  better  ventilation,  and  finally  fans  were  installed  to 
create  a  circulation  of  air,  so  that  now  the  continuous 
rating  of  railway  motors  is  higher  per  pound  than  ever 
before. 


The  following  are  some  of  the  most  important 
transformer  connections  for  voltage  transformations; — 

I — Singic-phasc 

2 — Three-phase    liy    the    various    combinations    of    the    star 

and  delta. 
3 — Three-phase  open   delta, 
4 — Three-phase  T. 
5 — Interconnected  star. 

This  discussion  does  not  go  into  detail  regarding 
tlie  vector  relations  of  ll'e  voltages  and  currents,  nor 
the  k.v.a.  of  transformer  parts  required  by  the  different 
arrangements,  but  merely  shows  the  connections  re- 
quired to  give  the  transformations. 


SINGLE-PHASE   CONNECTIONS 

The    simplest    transformer    arrangement    is     that 
shown  in  Fig.    i,  since  both  the  high  and  low-voltage 
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wire  connection  gives  a  convenient  point  for  grounding, - 
\\hen  it  is  desired  to  connect  the  secondary  of  the  trans- 
former to  the  ground. 

T;ips  are  usually  provided  on  transformer  windings 
of  the  higher  voltage  classes,  the  main  purpose  of  the 
taps  being  to  obtain  a  given  secondary  voltage,  when 
the  transformer  is  used  at  points  where  the  primary 
voltage  is  low,  due  to  line  drop  or  other  reasons.  The 
taps  may  be  located  on  the  transformer  winding  by 
either  of  the  methods  shown  in  Figs.  3  and  4.  The  one 
shown  in  Fig.  4  is  used  for  the  higher  voltage  trans- 
formers, where  the  insulation  is  increased  on  the  end 
turns.  With  the  connections  shown  in  Fig.  4,  this  ad- 
ditional  insulation  need  extend  back  but  a   short   dis- 
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FIGS.    I   AND  2 — THE  COMMON    METHODS   OF  CONNECTING   LOW-VOLT- 
AGE,   SINGLE-PH.ASE    TR.\NSFORMER    SECONDARIES 

Fig.  I — The  low  voltage  winding  consists  of  one  part. 
Fig.  2 — The   low  voltage  winding  is  made  in  two  parts. 

windings  are  made  up  of  one  part  without  taps.  The 
winding  may  be  divided  into  parts  and  these  parts  con- 
nected for  the  different  operating  conditions.  For  ex- 
ample, most   distributing  transformers  are  made  with 


FIG.    3 T.-\PS  ON  THE  LINE 

ENDS    OF    THE    WINDING 


FIG.    4 — TAPS    .\T    THE 
MIDDLE    OF    THE    WINDING 


tance,  while  if  the  taps  are  on  the  line  ends  of  the  wind- 
ing, the  insulation  must  extend  beyond  the  taps. 

THREE-PHASE   DELTA   AND   STAR   CONNECTIONS 

With  the  delta-delta  connection,  the  windings  are 
connected  to  the  mains  as  shown  in  Fig.  5.  The  line 
voltage  is  equal  to  the  individual  transformer  voltages. 


two  low-voltage  coils,  which  may  be  connected  as  shown  and  is  commonly  denoted  as  the  delta  voltage  to  di.s- 
m  Fig.  2,  for  parallel,  series  and  three-wire  operation,  tinguish  it  from  the  voltage  of  the  group  connected  in 
The  series-parallel  connection  permits  operation  at  full     star.     .Similarly,  the  line  current  must  be  distinguished 


\ 


output  at  two  voltages,  one  of  which  is  double  the  other. 
The  three-wire  connection  is  extensively  used,  as  it  per- 
mits simultaneous  feeding  a  combined  lighting  and 
power  load.  In  this  case  the  motors  are  connected  to 
the  two  outside  wires,  and  the  lights  between  the  out- 
side wires  and  the  neutral.     The  neutral  of  the  three- 


from  the  current  flowing  in  the  windings  of  the  trans- 
formers. When  speaking  of  the  voltage  and  current 
of  a  three-phase  system,  the  delta  voltage  and  star  cur- 
rent are  understood. 

Where  2300  to  230  volt  transformers  are  connected 
delta-delta  for  a  three-phase  transformation,  one  of  the 
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units  is  sometimes  made  larger  than  the  other  two,  and 
the  middle  point  of  the  low  voltage  winding  is  connected 
as  shown  in  Fig.  5,  giving  a  230-115  volt  single-phase 
three-wire  lighting  circuit.  If  one  transformer,  or  one 
phase  of  a  three-phase  transformer  is  disabled,  the  other 
two  may  be  used  in  open  delta. 


Three  Wire 
330-115  Voll 
Single  Phase 
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FIG.    5 — DELTA-DELT.'V    CONNECTED    TRANSFORMERS    FOR    THREE-PHASE 
TRANSFORMATION 

Showing  a   three-wire,   single-phase   secondary  circuit   on   one 
transformer. 

The  delta-star  connection  shown  in  Fig.  6  is  used 
to  a  considerable  extent,  since  a  fourth  wire  may  be  led 
from  the  neutral  point  of  the  low-voltage  windings, 
thus  giving  a  convenient  and  economical  distributing 
system.  Single-phase  service  is  obtained  by  connecting 
between  any  line  and  the  neutral,  while  for  three-phase 
work  the  line  wires  are  used,  the  voltage  being  v  j 
times  the  single  phase  voltage. 

With  a  star-delta  connection  a  neutral  point  is 
made  available  in  case  it  is  desired  to  ground  the  pri- 
mary side  of  the  transformer,  or  use  the  four-wire 
system.  The  four-wire  system  is  mostly  used  for  a 
combination  of  motor  and  lighting  loads,  the  lighting 
service  being  operated  from  the  2300  volt  phase  voltage 
and  the  power  service  from  the  4000  volt  line  voltage, 
as  shown  in  Fig.  7.  Transformers  are  sometimes  de- 
signed so  as  to  be  suitable  for  either  delta-delta  or  delta- 
star  connection,  in  order  to  permit  an  increase  in  the 
capacity  of  a  transmission  line  by  raising  the  line  volt- 
age, which  can  be  accomplished  by  changing  the  con- 
nections from  delta  to  star  on  the  high-voltage  side. 
Such  transformers  are  necessarily  more  expensive  than 
they  would  be  if  designed  for  straight  delta-delta,  and 
used  at  the  lower  voltage  only,  because  they  must  be 
msulated  to  withstand  the  higher  line  voltage.  Witli 
the  star-delta  connection  of  three  single-phase  trans- 
formers, one  unit  may  he  cut  out,  and  emergency  ser- 
vice be  maintained  as  shown  in  Fig.  8.     The  capacity 
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FIG.   6 — DELTA-ST.\R    CONNECTED   TRANSFORMERS 

Giving  a  four-wire,  three-phase  secondary  circuit. 

of  the  group  is  in  this  ca.se  reduced  to  58  percent  of  its 
original  value.  The  neutral  connection  on  the  high- 
voltage  side  should  preferably  be  made  through  a  wire, 
but  can  be  made  by  solidly  grounding  the  neutral,  pro- 
vided the  neutral  of  the  source  of  supply  is  also 
grounded. 


The  star-star  connection  of  three  single-phase 
transformers,  or  of  a  three-phase  unit  as  shown  in  Fig. 
9  is  not  to  be  recommended  unless  their  neutrals  are 
grounded. 
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riG.    7 — STAR-DELTA    CONNECTED   TRANSFORMERS    FROM    A   FOUR-WIRE 
PRIMARY   CIRCUIT 

Showing    also    the    connections    of    a    single-phase,    three-wire 
transformer  from  the  same  primary. 

OPEN  DELTA   CONNECTION 

When  three  single-phase  units  or  a  three-phase 
shell-type  transformer  is  used,  it  is  possible  to  main- 
tain operation  if  one  of  the  single-phase  transformers, 
or  one  winding  of  the  three-phase  unit,  is  damaged. 
This  arrangement  is  shown  in  Fig.  10  and  is  known  as 
the  open  delta  or  V-connection.  With  the  three-phase 
core  type  design,  the  damaged  phase  cannot  be  isolated. 


Secondary  Side 


FIG.   8 — EMERGENCY    CONNECTION    FOR    THREE-PHASE    TRANSFORMA- 
TION 

When  one  transformer  of  a  star-delta  bank  burns  out  and  the 
neutral  of  the  power  source  is  grounded. 

due  to  the  interlinked  magnetic  circuits,  and  the  open 
delta  connection  cannot  be  secured.  With  an  open 
delta  connected  three-phase  shell  type  transformer,  the 
damaged  phase  should  be  short-circuited  to  prevent 
stray  fluxes  from  the  other  phase  from  inducing  volt- 
ages in  the  damaged  windings. 

T  TO  T  CONNECTION 

As  with  the  open  delta  arrangement,  the  T  to  T 
connection  requires  only  two  single-phase  transformers, 
as  shown  in  Fig.  11.    One  of  the  units  is  called  the  main 
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FIG.   g — STAR-STAR   CONNECTED  TRANSFORMERS 

With    the    neutrals    of    both    primary    and    secondary    circuits 
grounded. 

transformer  and  is  provided  with  a  50  percent  voltage 
tap,  to  which  the  teaser  transformer  is  connected.  The 
teaser  unit  may  be  designed  for  86.6  of  the  line  or  main 
transformer  voltage,  but  generally  is  made  identical 
with  the  main  transformer  and  operated  at  a  reduced 
voltage.     In  this  way  it  is  possible  to  operate  two  iden- 
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tical  transformers  connected  T  to  T,  as  well  as  open 
delta.  Although  interconnection  is  not  required  between 
halves  of  the  main  winding,  yet  each  half  of  the  pri- 
mary winding  must  be  properly  wound  with  respect 
to  the  corresponding  half  of  the  secondary  winding. 
Two  ordinary  transformers  may  also  be  used  with  the 
T  to  T  connection,  provided  a  50  percent  tap  is  avail- 
able. It  is  also  slightly  more  economical  to  operate 
with  the  T  to  T  connection  than  with  the  V  connection, 
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FIG.    10 — Ol'E.V-DEI.TA     CONNECTED    TRANSFORMER 

when  one  transformer  has  burned  out.  The  T  to  T 
connection  can  be  used  for  operating  a  synchronous 
conveiter,  the  transformer  neutral  being  brought  out 
for  the  three-wire  direct-current  service.  The  neutral 
is  brought  out  from  a  point  at  one-third  the  height  '^f 
the  teaser  winding,  and  the  ampere  turns  of  the  direct 
current  will  neutralize  each  other. 

INTERCONNECTED   STAR    CONNECTION 

Synchronous  converters  are  frequently  installed 
when  a  three-wire  direct-current  circuit  is  required  and 
the  T  to  T  connection  is  not  suitable.  The  three-wire 
arrangement  is  obtained  by  connecting  the  neural  wire 
to  the  neutral  point  of  the  low-voltage  winding  of  the 
transformers.  In  such  cases  the  connections  should  be 
arranged  so  that  the  direct  current  in  each  transformer 
divides  into  two  branches  of  equal  ampere  turns.  This 
is  to  prevent  a  unidirectional  magnetic  flux  in  the  trans- 
former which  when  superimposed  on  the  normal  mag- 
netic cycle,  would  tend  to  raise  the  magnetic  induction 
beyond  saturation.  This  in  turn  would  tend  to  cause 
excessive  exciting  current  and  heating,  except  in  cases 
where  the  unbalanced  current  is  comparatively  small. 
Such  a  condition  is  shown  in  Fig.  12,  which  represents 
a  delta-star  connected  step-down  transformer  with  the 
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FIG.    II — T-T    CONNECTED    TRANSFORMERS 

neutral  brought  out.  In  this  case  each  transformer 
low-voltage  winding  receives  one-third  of  the  neutral 
current;  and  if  this  current  is  not  small  as  compared 
with  the  exciting  current  of  the  transformer,  it  will 
cause  an  increase  in  the  magnetic  density.  The  inter- 
connected star  arrangement,  as  shown  in  Fig.  13,  elimi- 
nates the  flux  distortion  due  to  the  unbalanced  direct 
current  in  the  neutral.  Two  separate  interconnected 
■windings  are  used  for  each  leg  of  the  star.     The  un- 


balanced neutral  current  flowing  in  this  system  may  be 
compared  in  its  action  to  the  effect  of  a  magnetizing 
current  in  a  transformer.  The  effect  of  the  main  trans- 
former currents  in  the  high  and  low-voltage  windings  is 
balanced  with  regard  to  the  flux  in  the  magnetic  circuit, 
which  depends  upon  the  magnetizing  current.  When 
a   direct   current    is    passed    through    the    transformer, 
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FIG.    12 — DELTA-STAR    CONNECTED    TRANSFORMERS 

For  three-phase  transformation  to  operate  synchronous 
converters. 

unlejs  the  fluxes  produced  by  it  neutralize  one  another, 
its  effect  on  the  transformer  iron  varies  as  the  magnet- 
izing current.  For  example  assume  a  transformer  hav- 
ing a  normal  current  capacity  of  lOO  amperes  and  ap- 
proximateh'  six  amperes  magnetizing  current,  and  as- 
sume that  three  such  transformers  are  used  with  star-- 
connected,  low-voltage  windings  for  operating  a  syn- 
chronous converter  connected  to  a  three-wire  system. 
Allowing  25  percent  unbalancing,  the  current  will  divide 
equally  among  the  three  phases,  giving  8.3  amperes  per 
phase,  which  is  more  than  the  normal  magnetizing  cur- 
rent. The  loss  due  to  this  current,  however,  is  inap- 
preciable, but  the  increa.'.ed  iron  loss  may  be  consider- 
able. If  a  distributed  winding  is  used,  the  direct  cur- 
rent flows  in  opposite  directions  around  the  two  halves 
of  each  winding,  thus  neutralizing  the  flux  distortion. 

Whether  the  simple  star  or  the  interconnected  star 
connection  is  to  be  used  in  a  particular  case,  is  a  ques- 
tion of  balancing  the  increased  iron  loss  of  the  straight 
star  connection  against  the  increased  copper  loss,  and 
the  greater  cost  of  the  interconnected  star  arrangement. 
The  straight  star  connection  is  much  simpler,  and  it 
would  be  permissible  to  use  it  for  transformers  of  small 
capacities  where  the  direct  current  in  the  neutral  is  not 
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FIG.    13 — DELTA    TO    INTERCONNECTED    STAR    CONNECTION 

For  three-phase  transformation   to  operate  synchronous 
converters. 

more  than  30  percent  (lo  percent  per  transformer)  of 

the  rated  transformer  current. 

With  three-phase  core-type  transformers,  it  is  not 

necessary  to  use  the  interconnected  star  connection,  rs 

in  such  transformers  the  direct-current  flows  along  the 

magnetic  circuit  in  the  .same  direction  in  all  three  legs. 

Since  the  direct  flux  musi  find  its  return  path  through 

the  air  and  the  case  outside  of  the  magnetic  circuit,  its 

effects  are  practically  negligible. 
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FOR  INTERRUPTING  large  amounts  of  alter- 
nating-current power  and  for  controlling  high- 
voltage  alternating-current  circuits  there  is  noth- 
ing superior  to  oil  circuit  breakers.  There  are  two 
fundamental  reasons  for  this: — First,  this  type  of  cir- 
cuit breaker  terminates  the  alternating  wave  at  its  nor- 
mal zero  value,  eliminating  excessive  surges  in  the  con- 
nected circuits ;  second,  this  form  of  apparatus  is  com- 
pact, due  to  the  use  of  oil  insulation. 

When  an  oil  circuit  breaker  is  opened  under  load, 
an  arc  is  formed  between  the  stationary  and  the  moving 
contacts  whose  size  depends  upon  the  voltage,  the 
amount  of  current  and  the  rate  of  contact  separation. 
The  heat  of  the  arc  disintegrates  some  portion  of  the 
oil  and  contacts,  forming  gas  whose  displacement  and 
resulting  pressure  depends  on  the  amount  of  current 
flowing  and  on  the  duration  of  the  arc.  If  this  gas  is 
immediately  carried  away  from  the  contacts,  and  the 
contacts  have  been  sufficiently  separated,  the  arc  will 
persist  only  until  the  next  zero  of  the  current  wave. 


FIG.    I — 600    AMPERE,   25  000    VOLT,    THREE-POLE,    OIL    CIRCUIT 
BREAKER 

Having  850  ampere  breaking  capacity  at  rated  voltage. 
Weight,  with  tank  and  oil,  appro.ximately  500  pounds.  Figs.  I 
and  2  are  reproduced  to  the  same  proportionate  scale  of  linear 
■dimensions. 

The  ability  of  the  gas  to  rise  away  from  the  contacts 
depends  upon  the  relative  specific  gravity  of  the  gas 
and  of  the  oil,  and  the  clearance,  head,  volume  and  vis- 
cosity of  the  oil. 

The  relation  of  the  horizontal  section  of  the  oil 
to  the  cross-sectional  area  of  the  contact  and  terminal 
arrangements  will  also  determine  the  ease  with  which 
the  gas  will  clear  itself  of  the  contacts.  If  there  is  a 
liberal  clearance  for  oil  around  the  contacts  and  if  the 
oil  movement  is  unimpeded,  the  pressure  of  the  head  of 
oil  will  force  the  gas  out  into  the  free  oil  space,  and  up 
to  the  expansion  chamber,  and  clean  cool  oil  will  dis- 
place the  gases. 

The  reason  an  oil  circuit  breaker  in  high  voltage 
service  quenches  the  arc  is  that  the  voltage  and  there- 
fore the  power  through  any  given  pole  passes  through 
zero  and  permits  the  arc  to  cease  for  a  very  short  period 
of  time.  It  is  only  when  the  products  of  combustion 
in  the  arc,  or  in  other  words  the  portion  of  oil  and  other 
volatilized  materials  are  present  in  excessive  quantity 


in  the  vicinity  of  the  contacts  that  the  arc  fails  to  ex- 
tinguish at  zero  or  restarts  after  crossing  zero.  Under 
this  condition,  which  is  caused  in  some  instances  by  at- 
tempting to  break  too  large  a  current  in  too  small  a 
space,  the  re-establishment  or  presence  of  voltage  in  the 
circuit  after  crossing  the  current  zero  finds  the  vicinity 
of  the  contacts  surrounded  by  "ionized"  gases  which 
are  conducting  when  the  voltage  wave  reaches  a  certain 
value,  and  cause  the  arc  to  persist,  blowing  the  oil  out 
and  spreading  to  the  sides  of  the  tank  if  the  receptacle 
is  strong  enough,  or  destroying  the  apparatus  by  the 
resulting  gas  pressure  or  explosion,  if  the  tank  or  oil 
enclosing  strnrture  is  mechanically  inadequate. 


FIG.    2 — 600    AMPERE,    25  OOO    VOLT,    THREE- POLE    OIL    CIRCUIT 
BRE.\KEK 

Having  1 1  500  amperes  breaking  capacity  at  rated  voltage. 
Weight,  with  tanks,  oil  and  operating  mechanism,  Init  without 
supporting  structure  or  barriers,  approximately  3500  pounds. 

In  view  of  these  considerations,  it  is  obvious  that  a 
circuit  breaker  of  high  interrupting  capacity  (i.  e.  for 
connection  directly  to  a  large  system)  must  be  much 
larger  and  stronger  than  one  having  the  same  current 
and  voltage  ratings,  but  of  lower  required  interrupting 
capacity.  For  example  compare  the  circuit  breaker  in 
Fig.  I ,  which  has  a  rated  breaking  capacity  of  850  am- 
peres at  rated  voltage  with  that  in  Fig.  2  which  has  the 
same  current  and  voltage  rating  but  has  a  breaking  ca- 
pacity of  II  500  amperes.  The  circuit  breaker.  Fig.  i, 
weighs  about  500  pounds  complete  whereas  that  in  Fig. 
2  weighs  approximately  3500  pounds  in  addition  to  the 
weight  of  the  structure  in  which  it  is  mounted.  A  com- 
parison of  the  strength  of  details,  volume  of  oil,  head 
of  oil,  length  of  break,  design  and  size  of  oil  tanks. 
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power  of  operating  mechanism,  etc.  will  show  that  all 
of  these  are  much  greater  in  Fig.  2  than  in  Fig.  I. 

The  volume  of  the  arc  and  the  instantaneous  pres- 
sure in  a  given  tank  design  caused  thereby,  increase 
both  with  the  current  and  voltage.  This  requires:— 
first,  that  the  circuit  breaker  have  stronger  parts  with 
increased  rated  interrupting  capacit)- ;  and  second,  that 
the  length  and  speed  of  break  and  insulation  clearance 
be  greater  to  compensate  for  the  increased  ionization 
caused  by  the  greater  volume  of  energ>'  dissipated  in- 
stantaneously within  the  tank  structure.  The  design 
data  and  proportions  of  oil  circuit  breakers  have  been 
determined  by  test,  practice  and  experience.  It  is  how- 
ever quite  possible  to  get  the  break  distance  between 
contacts  ton  long  and  any  liberality  in  design  should 


FIG.    3 — 300   AMPtUK.   25000   \(ii,l,    Hfl   l;-l'(il.l  ,   iili     I  IRCUIT  BRE.\KER 

Having  a  brcahing  capacity  rating  of  T150  amperes.  Shown 
in  the  open  position  with  one  nil  tank  lowered  and  two  double 
doors  ol   the  cell  structure  rcnmvcd- 

preferably  be  in  the  direction  of  havin'^  a  large  head  and 
volume  of  oil  and  in  strengthening  parts  that  are  sub- 
ject to  pressure.  The  relative  strength  of  loaded  ine- 
chanical  parts,  maintenance  of  insulation  and  facilities 
for  minimizing  the  volume  and  pressure  of  the  arc 
gases  are  the  principal  controlling  features  finally  de- 
termining the  interrupting  capacity  at  any  given  volt- 
age. The  contact  details  should  have  sufficient  thermal 
capacity  to  withstand  the  maximum  current  on  short- 
circuit  as  well  as  to  carry  normal  current  continuously. 
This  feature  is  the  determining  one  in  circuit  breakers 
of  large  required  interrupting  capacity  but  small  re- 
quired conducting  capacitv. 

The  current  density  in  the  contacts  and  other  con- 
ducting features  of  the  circuit  breaker  is  determined 
by  the  form  of  contact  used  and  the  capacity  of  the 
circuit  breaker.     As  is  well  known,  the  skin  effect  in- 


creases with  the  volume  of  current  in  any  alternating- 
current  conductor  and  hence  the  current  density 
throughout  the  conducting  structure  as  a  rule  should 
reduce  as  the  circuit  breaker  increases  in  conducting 
capacity.  The  contact  current  density  in  wedge  and 
finger  type  contacts,  Fig.  4,  approximates  100  amperes 
per  square  inch  in  the  200  ampere  sizes  and  below  and 
as  low  as  65  amperes  per  square  inch  in  the  2000  am- 
pere size.  With  laminated  high  pressure  brush  con- 
tacts. Fig.  5,  the  density  will  approximate  600  amperes 
per  square  inch  in  the  300  ampere  size  and  as  low  as 
300  ainperes  per  square  inch  in  the  4000  ampere  size 
in  60  cycle  service. 

In  general  the  following  points  should  be  kept  in 
mind  in  making  a  comparison  of  oil  circuit  breaker 
designs : — 

I- — Rated  capacity  in  volts  and  amperes,  interrupting  am* 
peres  and  greatest  momentary  conducting  amperes. 

2 — Total  length  of  break  and  number  of  breaks  per  pole. 

3 — "Distance-time"  curve  of  the  contact  movement. 

4 — Head  of  oil  over  upper  position  of  contacts  or  arc. 

5 — Pressure  that  tank  with  complete  supports  and  fasten- 
ings will  withstand  without  permanent  distortion. 

6— Gallons  of  oil  per  tank  and  number  of  tanks. 

7 — Size  of  expansion  chamber  above  oil  per  tank  deducting 
for  space  occupied  by  insulator  bushings,  operating 
rod,  etc. 

RATING 

The  selection  of  an  oil  circuit-breaker  for  applica- 
tion to  an  electrical  system  requires  a  knowledge  of  the 
characteristics  both  of  the  circuit  breaker  and  of  the 
system  or  circuit.  Circuit  breakers  are  usually  classi- 
fied according  to  their  rated  voltage,  current,  frequency 
and  interrupting  capacity.  Systems  may  be  classified 
according  to  their  normal  operating  voltage,  current, 
frequency  and  current  transients. 

The  rated  voltage  of  a  circuit  breaker  is  the  great- 
est normal  voltage  in  r.ni.s.*  volts  between  any  two 
wires  of  any  circuit  to  which  the  circuit  breaker  should 
be  connected.  It  is  a  function  of  its  insulation  strength 
and  of  the  safety  factor  desired.  The  American  In- 
stitute of  Electrical  Engineers  has  established  stand- 
ards for  the  insulation  strength  of  oil  circuit  breakers** 
which  require  that  they  shall  withstand  a  dielectric 
(clean  and  dry)  test  of  2.23  times  rated  pressure  in 
volts,  plus  2000  volts  for  60  seconds. 

The  normal  operating  pressure  of  a  system  is  the 
greatest  pressure  in  r.m.s.  volts  ordinarily  maintained 
between  any  two  conductors. 

The  rated  current  of  a  circuit  breaker  is  the  great- 
est current  in  r.m.s.  ainperes  which  it  will  carry  con- 
tinuously at  a  specified  frequency  without  any  essential 
part  having  its  temperature  raised  more  than  a  specific 


*R.m.s.  is  an  abbreviation  of  the  term  "root-mean-square." 
It  is  the  current  or  pressure  read  on  an  ammeter  or  voltmeter, 
and  is  sometimes  called  the  effective  value  of  the  wave.  It  is 
defined  as  the  square  root  of  the  mean  of  the  squares  of  the 
instantaneous  values  of  the  current  or  pressure  during  one 
complete  cycle.  The  r.m.s.  value  of  a  sinusoidal  wave  is  equal 
to  its  maximum  or  crest  value  divided  by  the  square  root  of 
two. 

**These  are  contained  in  "Dielectric  Strength  Tests", — 
Sections  491,  492,  454,  486,  500  and  509  of  the  Standardization 
Rules  of  June  28th,  1916. 
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number  of  degrees  above  an  ambient  temperature  or 
above  a  fixed  temperature.* 

The  normal  current  in  a  circuit  of  an  electrical  sys- 
tem is  the  rated  r.m.s.  amperes  for  which  that  circuit  is 
designed.  The  actual  current  may  vary  through  wide 
limits  from  day  to  day  and  at  different  seasons  of  the 
year.  The  upper  limit  for  continuous  operation  or  the 
rated  current  iSj  however,  fixed  by  the  capacity  of  the 
conductors  as  determined  by  the  maximum  allowable 
temperature  at  which  the  conductors  and  their  insula- 
tion may  be  operated.  When  circuit  breakers  are 
mounted  in  enclosed  spaces,  as  in  cell  structures,  special 
care  should  be  taken  to  provide  ventilation  for  the  com- 
partments. 

Inasmuch  as  a  circuit  breaker  reaches  its  final 
temperature  quickly  with  steady  current  load,  it  is  nec- 
essarily a  maximum  rated  device.  Thus,  if  the  full- 
load  current  of  a  maximum  rated  machine  is  2000  am- 
peres, a  2000  ampere-rated  circuit-breaker  can  be  ap- 
plied to  handle  the  current  of  this  machine.  If  the  ma- 
chine, however,  has  a  25  percent  overload  rating  of  an 
hour  or  more,  a  2500  ampere  circuit-breaker  must  be 
selected.  On  25  cycle  service,  a  circuit-breaker  above 
300  ampere  rating  will  carry,  continuously,  considerably 
more  than  its  60  cycle  rating. 
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FIG.   4 — DETAILS    OF   WEDGE   AND    FINGER   TYPE   CONTACTS 

The  interrupting  capacity**  of  an  oil  circuit-breaker 
is  the  highest  current  in  r.m.s.  amperes  which  it  will 
interrupt  at  any  specified  normal  pressure,  frequency 
and  duty. 

The  usual  interrupting  rating  adopted  by  the  sev- 
eral manufacturers  assumes  that  the  circuit  breaker  will 
interrupt  a  circuit  two  times  at  a  two-minute  interval 
and  then  be  in  condition  to  be  closed  and  carry  its  rated 
current  until  it  is  practicable  to  inspect  it  and  make  any 
necesary  readjustments.     This  definition  of  interrupt- 


*The  American  Institute  of  Electrical  Engineers  heating 
standards  for  oil  circuit  breakers,  in  Section  754  of  the  1917 
supplement  to  Standardization  Rules  dated  June  28th,  1917, 
limit  the  maximum  permissible  temperature  rise  of  coils  and 
insulating  materials  of  oil  circuit  breakers  to  50  degrees  C.  and 
the  ri.-ie  of  other  structural  parts  to  65  degrees  C.  based  on  an 
ambient  temperature  of  40  degrees  C.  They  also  limit  the 
maximum  temperature  of  oil  and  contacts  in  oil  to  70  degrees. 
For  an  ambient  temperature  of  40  degrees  this  permits  a  tem- 
perature rise  of  30  degrees  for  oil  and  contacts  in  oil.  Where, 
however,  the  ambient  temperature  is  less  than  40  degrees,  ad- 
vantage may  be  taken  of  the  condition  to  operate  the  parts  at 
a  higher  temperature  rise,  if  the  maximum  temperatures  speci- 
fied are  not  exceeded. 

**This  conforms  with  the  standards  listed  under  Section 
753  of  the  Supplement  of  the  A.I.E.E.  Standardization  Rules 
dated  June  28th,  1917. 


ing  capacit}'  selects  the  most  common  condition  of  oil 
circuit  breaker  operation.  In  so  doing,  it  places  a  de- 
finite limit  upon  the  rating  of  a  breaker.  Circuit 
breakers  may,  however,  be  otherwise  rated  for  different 
definitions  of  interrupting  capacity  or  duty.  If,  for 
example  the  circuit  breaker  is  required  to  perform  but 
one  successful  interruption,  it  may  be  rated  higher  than 
it  would  if  called  upon  to  perform  two  successful  in- 
terruptions at  a  two-minute  interval.  Also  if  it  is  re- 
quired to  perform  ten  successful  interruptions  at  one- 
half  minute  intervals,  it  will  be  rated  lower  than  if 
called  upon  to  perform  two  successful  interruptions  at 
a  two-minute  interval. 

The  duty  performed  by  a  circuit  breaker  in  inter- 
rupting the  current  at  a  given  voltage  is  dependent  upon 
the  current  voluine  and  is  a  maximum  for  the  largest 
current.  Similarly,  the  duty  at  varying  voltages  for  a 
given  current  is  increasingly  more  difficult  at  high  volt- 
ages. A  given  circuit  breaker  for  any  voltage — within 
its  rating  and  under  proper  normal  adjustment — has  a 
certain  maximum  current  interrupting  abilitv. 

EFFECT  OF  CIRCUIT  CONSTANTS 

The  arrangement  and  constants  of  the  connected 
electrical  circuits  have  an  influence  on  the  duty  to  be 
performed  by  the  oil  circuit  breaker.     The  power-fac- 


FIG.    5 — DETAILS    OF    LAMINATED    BUTT    CONTACTS 

tor  and  the  stored  electrostatic  and  magnetic  energy 
of  the  system  materially  affect  the  interrupting  ca- 
pacity at  a  given  r.m.s.  current.  During  the  current 
opening  period,  an  arc  is  established  and  the  current 
and  voltage  relations  during  this  period  are  much  more 
complicated  than  the  simple  phase  angle  relation 
covered  by  the  statement  of  power- factor.  Further- 
more, the  arc  may  be  re-established  under  transient 
voltage  conditions,  introducing  still  further  complica- 
tions. These  factors  are  of  special  importance  when 
a  circuit  breaker  of  relatively  small  interrupting  ca- 
pacity is  connected  to  a  large  system  in  such  a  way  that 
it  may  afford  the  only  outlet  for  the  stored  energy  of 
the  system.  Such  influences,  while  e.Ktremely  difficult 
to  take  into  account  quantitatively,  will  not  differ  widely 
in  average  radial  distributing  systems.  The  problem  of 
application  after  the  service  voltage  has  been  fixed  is  to 
determine  the  maximum  current  that  may  be  encoun- 
tered and  then  the  circuit  breaker  should  be  chosen  with 
an  interrupting  ability  equal  to  or  greater  than  this 
maximum  current. 
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The  current  transient  at  any  point  in  an  electrical 
system  is  a  variable  dependmg  en  the  resistance,  induct- 
ance, electrostatic  capacitance,  mechanical  capacity 
and  current  conditions  of  the  circuit.  It  represents  a 
readjustment  of  the  stored  electromagnetic  and  electro- 
static energy  in  the  system  from  an  initial  steady  con- 
dition until  a  final  steady  condition  is  reached.  It  is 
manifested  during  every  change  in  the  steady  condi- 
tion of  the  circuit,  although  its  effects  on  the  circuit 
are  usually  inappreciable.  Under  certain  conditions 
such  as  short-circuits,  its  effects,  however,  are  of  prime 
importance. 

Short-circuiting  a  system  at  any  point  permits  an 
abnormal  current  rush  to  occur  immediately  on  that 
system.  During  the  first  complete  cycle  following 
short-circuit,  the  current  usually  rises  to  maximum 
value.  If  the  alternator  field  exciting  circuit  is  as- 
sumed to  remain  unchanged  by  automatic  generator 
voltage  regulators  or  similar  devices,  then  during  suc- 
ceeding cycles,  the  current  will  rise  in  lesser  and  lesser 
peak  wave  values  until  a  steady  condition  again  exists 
on  the  system.     The  current  wave  during  the  transient 


fusing  of  conductors  in  various  parts  of  electrical  Sys- 
tems. 

The  maximum  unsymmetrical  value  of  a  transient 
current  in  r.m.s.  amperes  during  a  short-circuit  on  an 
ordinary  alternator  is  approximately  equal  to  twice  the 
generated  pressure  in  volts  immediately  preceding  the 
short-circuit  divided  by  the  impedance  in  ohms  of  the 
circuit  between  the  point  of  power  supply  and  the  point 
of  short-circuit.  The  maximum  symmetrical  value  of 
the  transient  current  is  approximately  equal  to  one- 
half  the  maximum  unsymmetrical  value. 

The  transient  characteristics  of  an  electrical  system 
at  a  point  remote  from  the  source  of  power  supply  will 
be  different  from  that  of  an  alternator.  Its  amplitude 
and  duration  will  depend  upon  the  electrical  constants 
of  the  system  and  the  distance  between  the  point  of 
short-circuit  and  the  source  of  power  and  the  greater 
this  distance  the  less  the  amplitude  of  the  transient  and 
the  shorter  its  duration. 

Automatic  voltage  regulators  introduce  system 
transients  differing  from  those  which  occur  in  systems 
not  so  equipped.     They  tend  to  maintain  the  system 
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FIGS.   6   AND    7— SHORT-CIRCUIT    CHARAClIiKISTICS   OF    SYSTEMS    HAVING  8  TO  I50  PERCENT  TOTAL  REACTANCE,  BASED  ON  THE  TOTAL  K.V.A. 

OF    SYNCHRONOUS    MACHINES    CONNECTED   TO   THE   SYSTEM 

The  curves  represent  root  mean  square  short-circuit  currents  expressed  in  terms  of  the  full-load  current  of  the  machines   an 
initial  full  load  at  80  percent  power-factor  being  assumed.  ' 

period,  as  shown  by  oscillograms,  may  be  symmetrical  pressure  constant,  but  on  account  of  the  inherent  time 
or  unsymmetrical  with  respect  to  the  line  representing  lag  of  the  iron  portions  of  the  alternator  and  exciter 
zero  current,  depending  upon  the  point  on  the  pres-  armatures  and  fields,  their  effect  is  not  felt  immediately, 
sure  wave  at  which  the  short-circuit  occurred.  The  The  effect  of  automatic  voltage  regulators  on  system 
transient  current  is  said  to  be  symmetrical  when  the  transients  may  be  predicted  for  any  known  set  of  con- 
assumed  line  connecting  points  on  the  current  wave  ditions  and  account  taken  of  such  effects  in  the  appli- 
midway  between  the  peaks  coincides  with  the  line  of  cation  of  oil  circuit  breakers.  They  effect  the  sus- 
zero  current.  Similarly,  a  transient  current  is  said  to  tained  short-circuit  currents  considerably  and  the  ini- 
be  unsymmetrical  when  the  assumed  line  connecting  tial  short-circuit  current  but  slightly, 
points  on  the  current  wave  midway  between  the  peaks  The  operating  delay  of  oil  circuit  breaking  me- 
does  not  coincide  with  the  line  of  the  zero  current.*  chanisms  has   an  appreciable  effect   upon   the  current 


The  value  of  the  current  at  any  instant,  if  referred 
to  the  line  representing  zero  current,  is  a  measure  of  the 
magnetic  stresses  produced  on  the  conductors  by  the 
current.  The  magnitude  of  these  stresses  (which  are 
proportional  to  the  square  of  the  current)  is  indicated 
by  the  breaking  of  insulators  supporting  busses,  the  dis- 
placing of  windings  of  transformers  and  generators, 
the  distortion  of  oil  circuit  breaker  connections  and  the 


*See  articles  on  "Generator  Short-Circuit  Current  Waves" 
by  F.  D.  Newbury  in  the  Journal  for  April  '14,  p.  196;  and 
"Short-Circuit  Current  of  Alternators"  by  F.  T.  Hague  in  the 
Journal  for  May  '16,  p.  212. 


which  they  will  be  called  upon  to  interrupt  under  trans- 
ient conditions.  The  contacts  of  ordinary  oil  circuit 
breakers  part  in  from  0.05  to  0.50  second  after  the 
tripping  circuit  is  energized,  depending  on  the  operat- 
ing mechanism  and  tripping  means  used. 

CIRCUIT  BREAKER  SELECTION 

The  new  rating  of  oil  circuit  breakers  in  r.m.s. 
current  interrupted*  at  normal  operating  pressure  sim- 
plifies the  selection  of  a  proper  unit  for  a  given  known 

*See  article  by  the  author  on  "Breaking  Capacity  Rating  of 
Oil  Circuit  Breakers"  in  the  Journal  for  Nov.  '13,  p.  1103. 
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service  condition.  For  average  radial  distributing  sys- 
tems, a  determination  of  the  r.m.s.  current  that  will 
flow  at  the  instant  the  contacts  part,  irrespective  of 
power-factor  or  circuit  conditions,  will  enable  one  to 
select  the  proper  circuit  breaker. 

Dctcnn'mation  of  Short-Circitit  Current — In  order 
to  determine  the  r.m.s.  current  that  the  circuit  breaker 
will  be  required  to  open,  an  analysis  of  short-circuit 
phenomena  is  necessary.  Short-circuiting  a  system  at 
any  point  permits  an  abnormal  current  to  flow  imme- 
diately in  that  system.  The  amount  and  persistency  of 
this  current  rush  depend  upon  the  characteristics  of  the 
synchronous  apparatus  connected  to  the  system  at  the 
time  and  upon  the  impedance  in  circuit  between  the 
synchronous  apparatus  and  the  point  of  short-circuit. 
The  value  of  r.m.s.  current  which  the  circuit  breaker 
will  be  called  upon  to  interrupt  will  depend  upon  the 
length  of  time  that  elapses  between  the  start  of  the 
short-circuit  and  the  parting  of  the  contacts,  as  will  be 
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FIG.   8 CALCUL.^TIONS  OF   SHORT-CTRCUIT  CURRENT 

Alternator  rating  5000  k.v.a.,  2300  volts,  three  phase,  1250  am- 
peres. The  circuit  breaker  contacts  part  in  0.25  seconds  after  the 
start  ot  the  short-circuit.  From  Pig.  6,  under  12  percent  reactance, 
it  is  found  that  at  0.2S  seconds  the  current  will  be  5.5-4  times  nor- 
mal, therefore  the  short-circuit  current  equals  5.54  1250  amperes  :^ 
6950   amperes. 

FIG.  9 — C.-\LCULAT10N  OF  SHORT-CIRCtJIT  CURRENT 
Alternator  rating  5000  k.v.a..  2300  volts,  three  phase,  1250  am- 
peres. Feeder  rating,  2500  k.v.a.  Feeder  reactance,  four  percent, 
based  on  25U0  k.v.a.  The  circuit  breaker  contacts  part  in  0.25  sec- 
onds after  the  start  of  the  short-circuit.  The  alleruator  reactance 
based  on  500U  k.v.a.,  equals  12  nercent.  The  feeder  reactance  based 
nn  5000  k.v.a.,  (5000/2500  •  4)  equals  8  percent.  Hence  the  total 
reactance  based  on  5000  k.v.a.  equals  20  percent.  From  the  curves 
under  20  percent  reactance,  it  is  found  that  at  0.25  seconds  the  current 
■will  be  3.82  times  normal.  Therefore  the  short-circuit  current  equals 
3.82X1250   amperes  =  4780    amperes. 

seen  from  the  following  analysis  of  short-circuits.  The 
greatest  transient  disturbance  of  the  system  which  can 
occur  at  the  point  of  application  of  the  circuit  breaker, 
when  the  system  is  short-circuited,  governs  the  selection 
of  a  suitable  breaker. 

The  correct  application  of  an  oil  circuit  breaker 
to  an  electrical  system  or  circuit  requires  that  certain 
characteristics  of  the  circuit  breaker  and  of  the  system 
or  circuit  be  known  or  assumed.  The  oil  circuit  breaker 
characteristics  are: — 

I — Rated  voltage. 

2 — Rated  eurrent. 

3 — Greatest  momentary  current  conducting  capacity. 

4 — Current-interrupting  capacity. 

5— Time  interval  between  the  instant  of  short-circuit  or 
overload  and  the  instant  the  circuit  breaker  contacts 
part. 

The  system  or  circuit  characteristics  are: — 
1 — Normal  voltage. 

2 — Normal  current  carried  by  the  circuit  in  which  the  cir- 
cuit breaker  is  connected. 
3 — Normal  frequency. 


4 — Normal  k.v.a.  capacity  of  synchronous  apparatus,  trans- 
formers, reactors  and  lines. 

5 — Abnormal  current  characteristics  during  short-circuit  or 
overload. 

The  circuit-breaker  characteristics  can  usually  be 
determined  by  test,  or  are  given  by  the  manufacturer. 

The  r.m.s.  current  at  any  point  of  a  system  under 
short-circuit  conditions  is  affected  by  the  following  fac- 
tors:— 


I  -    I  ■    .      -^•'""  Volt  eus 

I  i  Short  Circuit 

KK;.    id — CALCULATION    OF    SHORT-CIRCUIT    CURRENT 

Alternator  A  rated  2000  k.v.a.,  2300  volt,  three-phase,  reactance^ 
8  percent. 

Alternator  B  rated  5000  k.v.a.,  2300  volt,  three-phase,  reactance:^ 
12  percent. 

Alternator  C  rated  8000  k.v.a.,  2300  volt,  three-phase,  reactance  — 
16  percent. 

Total   alternator  k.v.a.,   15  000. 

Normal  current  based  on  15  000  k.v.a.,  2300  volts  =  3760  am- 
peres. 

Circuit  breaker  contacts  part  in  0.4  seconds  after  the  start  of  the 
shurt-  circuit. 


Alternator  A  reactance  based  on   15  000  k.v.a.,     \    onnn^    '    **  /    = 

60    percent. 

Alternator   B   reactance   based    on    15  000   k  v.a.,   (-7--— 

^  500( 
36  percent. 

Alternator    C    reactance    based    on    15  000    k  v.a..  V.~T 

30  percent. 

1 
Total     reactance    at    bus 


2000 

15  000  .  _ 

5000  ')  ~ 

8000  ^   '0  = 


1/60 


1/36  .-1/30 


14/180 


;  12.85   percent. 


0.0775 

From  Fig.  6.  interpolating  between  12  and  15  percent  reactance, 
it  is  found  that  at  0.4  seconds  the  current  will  be  4.5  times  normal; 
therefore,  the  short-circuit  current  equals  4.5-  3760  amperes  ^  17  ODD 
amperes. 

A  B  c 


2300  Volt  Bus 


Short  Circuit 


FIG.    II — CALCULATION    OF    SHORT-CIRCUlt    CURRENT 
Same  as  Fig.   10,  except  that  power  is  distributed  over  2500  k.v.a. 
feeders    in    wliich    are   installed    current    limiting   reactors   having   a   re- 
actance of  three  percent  based  on  2500  k.v.a.      The  circuit  breaker  con- 
tacts part   in   U.4   seconds  after  the  start  of  the  short-circuit. 

Total   alternator  reactance  based   on    15000   k.v.a.  =-  13.85   percent. 

/  15  000      „\       ,. 
Feeder     reactance     based     on     15  000     k.v.a.  =^     2500   "    ''/= 

percent. 

Total  reactance  based  on  15  000  k.v.a.  =r  30.85  percent. 

From  Fig.  6,  using  30  percent  reactance,  it  is  found  that  at  0.4 
seconds  the  current  will  he  2.6  times  normal;  therefore,  the  short- 
i;ireuit  current  equals  2.6,-    3760  amperes  =  9700   amperes. 

I — The  total  k.v.a.,  reactance  and  transient  characteristics 
of  the  synchronous  machines  connected  to  the  system. 

2 — The  number,  reactance,  resistance,  capacitance  and  ar- 
rangement of  all  circuits  over  which  power  can  be  sup- 
plied to  the  point  of  short-circuit. 

3 — The  k.v.a.  capacity,  arrangement,  resistance,  reactance 
and  capacitance  of  all  reactors  and  transformers  throueh 
which  power  can  be  supplied  to  the  point  of  short-cir- 
cuit. 

4— The  contact  resistance  at  the  short-circuit. 

5 — The  nature  of  the  short-circuit,  whether  single-phase  or 
polyphase. 


THE   ELECTRIC  JOURNAL 


467 


6 — The  k.v.a.  and  power-factor  of  the  load  being  carried 

at  the  time  of  short-circuit. 
7— The  point  of  the  pressure  wave  at  which  the  short-ar- 

cuit  was  established. 
8 — The  use  of  automatic  voltage  regulators. 

The  short-circuit  transient  for  systems  may  be  de- 
termined by  test,  by  calculation  or,  less  closely,  by  as- 
sumption. Obviously,  the  determination  by  test  will 
be  practicable  in  but  few  cases.  The  determination  by 
calculation  is  feasible  if  only  the  important  factors 
listed  above  are  considered.  Practical  approximate  se- 
lection, sufficiently  accurate  for  many  cases,  can  be 
made  by  using  only  reactance  and  an  accepted  group  of 
time  current  decrement  curves,  such  as  those  given  in 
Figs.  6  and  7.*  These  curves  are  based  on  the  trans- 
ient   characteristics    for   alternators   of    normal    design 


The  shapes  of  the  time  current  decrement  curves 
have  been  arrived  at  by  analysis  of  alternator  tests  in- 
cluding oscillograph  studies  of  short-circuits  occurring 
when  the  alternators  were  excited  to  full  voltage  and 
were  carrying  various  loads  at  various  power-factors. 
In  the  curves  for  total  reactances  up  to  and  including 
20  percent,  the  reactance  is  assurned  to  be  wholly  within 
the  alternator  and  for  higher  values  of  reactance  the  al- 
ternators were  taken  at  20  percent  and  due  allowance 
made  by  calculation  for  the  effect  of  the  external  re- 
actance. In  the  latter  case,  if  alternators  of  other  re- 
actance had  been  supposed  the  results  would  have  been 
somewhat  different  but  the  error  is  not  large  enough 
to  be  of  practical  importance.  The  final  values  of  the 
current,  i.  e.,  the  sustained  short-circuit  current,  have 
been  assumed  in  accordance  with  experience  and  tests 
and  are  based  on  the  behavior  of  machines  of  normal 
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FIG.    12- 


Short  Ckci  I- 
CALCULATION    OF    SHORT-CIRCUIT    CURRENT 


Alternators  same  as  for  Pig.  10.  The  circuit  breaker  contacta  part 
in  0.1   seconds,   after  the  start  of  the  short-circuit. 

Two  transformer  banks  each  of  7500  k.v.a.,  whose  reactance  equals 
6.25  per  cent  based  on  7500   k  v.a.  each. 

Two  lines,  each  20  miles  long  of  0  copper,  whose  reactance  equals 
5.5  percent,  based  on  7ijOO  k.v.a.  each. 

Total  alternator  reactance  based  on  15  000  k.v.a.  r.^:  12.85  percent. 

Parallel  reactance  of  step  up  transformers,  based  on  15  000  k.v.a. 
—  6.25    percent. 

Parallel  reactance  of  lines,   based   on   15  000   k.v.a.  nr  5.5   percent. 

Parallel  reactance  of  step  down  transformers  based  on  15  000 
k.v.a.  ^  6.25    percent. 

Total  reactance  ==  30.85   percent. 

From  Fig.  6.  using  30  percent  reactance,  it  is  found  that  at  0.1 
seconds  the  current  will  be  3.4  times  normal.  The  normal  current 
based  on  15  000  k.v.a.,  11000  volts,  three-phase  :i^  788  amperes;  there- 
fore, the  short-circuit  current  equals  3.4-  788  amperes  ^2700  am- 
peres. 

which  have  been  determined  from  oscillograph  tests. 
They  are  further  based  on  the  assumption : — 

That  the  effect  of  capacitance  and  resistance  is  neglected; 

That  the  contact  resistance  as  short  circuit  is  zero; 

That  the  alternator  is  carrying  full  load  8o  percent  power 
factor; 

That  the  short  circuit  was  established  at  the  point_  of  the 
pressure  wave  corresponding  to  maximum  possible  in- 
stantaneous current ;  and 

That  no  automatic  voltage  regulators  are  used. 

These  curves  differ  from  those  that  have  been 
usually  considered  in  the  past  for  two  reasons;  first, 
r.m.s.  values  are  used  instead  of  peak  values  and,  sec- 
ond, the  efifect  of  the  increased  flux  existing  under  the 
load  condition  assumed  has  been  taken  into  account. 


♦From  a  paper  by  Messrs.  Hewlett,  Mahoney  and  Bumham 
before  the  A.I.E.E.  Feb.  15,  1918. 
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Conditions  same  as  for  Fig.  12,  except  that  a  475  k.v.a.,  2300 
volt  feeder  has  been  added  to  the  low-voltage  distribution,  whose  re- 
actance is  three  percent  based  on  475  k.v.a.  The  circuit  breaker 
contacts  part  in  0.4  seconds  after  the  start  of  the  short  circuit. 

Total  reactance  up  to  11000  volt  bus  based  on  15  000  k.v.a.  — 
30.9  percent. 

Feeder  transformer  reactance  based  on  15  000  k.v.a.  imf^ X3^ 

—  94.5  percent.  *"°        ■' 

Total  reactance  based  on  15  000  k.v.a.  izz  125.4  percent. 

From  Fig.  7,  using  125  percent  reactance,  it  is  found  that  at  0.4 
seconds  the  current  will  be  0.87  times  normal.  The  normal  current 
based  on  15  000  k.v.a.,  three-phase,  2300-volts  ::^  3760  amperes,  there- 
fore the  short-circuit  current  equals  0.87  ■  3760  amperes  :=  3300  am- 
peres. 

design  on  polyphase  short-circuit.  The  final  values 
may  be  approximately  40  percent  higher  on  single-phase 
short-circuits. 

Several  alternators  with  the  same  reactance  and 
synchronous  impedance  will  not  necessarily  have  the 
same  rate  of  r.m.s.  current  decay.  This  has  been  con- 
sidered in  constructing  the  characteristic  curves  and 
they  may  safely  be  taken  as  representing  the  greatest 
r.m.s.  current  that  will  be  given  by  modern  alternators 
of  normal  design  on  polyphase  short-circuit.  While  the 
initial  current  will  be  approximately  the  same  on  single- 
phase  short-circuit  the  rate  of  current  decay  is  slower 
than  on  polyphase  short-circuits. 

The  values  given  in  the  curves  in  Figs.  6  and  7 
are  for  three-phase  short-circuits  on  three-phase  sys- 
tems and  also  are  high  enough  for  single-phase  short- 
circuits  on  ungrounded  neutral  three-phase  systems  and 
corresponding  single-phase  systems.       For  single-phase 
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short-circuits  on  solidly  grounded  neutral  three-phast  or 
single-phase  systems,  the  initial  current  is  slightly  higher 
than  given  in  the  curves  and  the  sustained  short-circuit 
values  are  lOO  to  150  percent  higher  than  the  curve 
values.  However,  where  the  neutral  is  grounded 
through  a  limiting  resistance  or  only  through  one  ma- 
chine, the  values  on  the  curves  are  applicable. 

Two-phase  systems  will  have  essentially  the  same 
characteristics  as  corresponding  three-phase  systems 
with  the  same  qualifications  as  outlined  above. 

Where  two-pole  circuit  breakers  are  used  to  open 
short-circuits  between  a  line  and  the  neutral,  the  leg 
current  interrupting  capacity  of  the  breaker  is  that  cor- 
resjHJnding  to  0.58  times  the  phase  voltage. 

Short-circuits  in  cables  are  not  instantaneous  in  na- 
ture but  develop  gradually  into  dead  short-circuits.     In 


wires  divided  by  1.73  for  three-phase  and  the  voltage  be- 
tween wires  divided  by  2  for  single  or  two-phase  sys- 
tems. 

In  order  to  illustrate  the  use  of  the  curves  in  Figs.. 
6  and  7  several  typical  examples  are  worked  out  in  con- 
nection with  Figs.  8  to  13  inclusive.  With  reactances- 
of  125  percent  or  more,  the  portion  of  the  total  react- 
ances in  the  generator  becomes  of  relatively  small  im- 
portance. In  Fig.  13  for  instance,  there  is  a  lotal 
reactance  of  125.4  percent.  The  alternators  in  this  ex- 
ample have  a  reactance  of  12.9  percent.  If  the  react- 
ance of  the  external  circuit  only  is  considered  the  total 
reactance  is  125.4 — 12.9  =  112.5  percent.  The  short- 
circuit  current  on  this  basis  would  be  100  -f-  112.5  X 
normal  or  0.890  X  376o  =  3340  amperes.  A  compari- 
son of  this  value  with  the  3270  amperes  obtained  by 
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FiG.  14— <:h.\rt  for  estimating  short-circuit  currents  at  any  given  voltage  and  percent  reactance 
To  estimate  the  current  in  a  three-phase  short-circuit,  start  with  the  k.v.a.  capacity  of  all  synchronous  apparatus  con- 
nected, read  vertically  upwards  to  the  diagonal  line  representing  the  voltage,  thence  read  horizontally  to  the  right  to  the 
diagonal  representing  percent  reactance  between  the  short-circuit  and  the  source  of  power,  thence  vertically  downward,  the 
figures  at  the  bottom  of  the  chart  giving  the  short-circuit  amperes  in  each  phase.  The  dotted  line  with  arrow  heads  indicates 
the  working  out  of  a  typical  example. 

such  cases  a  current  sufficient  to  actuate  the  circuit  considering  the  alternator  reactance  shows  an  error  of 
breaker  relay  may  pass,  and  develop  into  a  dead  short-  approximately  two  percent.  If  the  total  reactance  is 
circuit  by  the  time  the  contacts  open.  Where  full  pro-  greater  than  about  125  to  150  percent,  the  error  will  be 
tection  is  required  for  such  cases  a  circuit  breaker  good  even  less  than  two  percent.  Hence  for  values  of  ex- 
for  the  initial  value  of  short-circuit  current  shown  on  ternal  reactance  in  excess  of  the  table  values  the  alter- 
the  curves  should  be  used. 

These  curves  are  applicable  for  selecting  circuit 
breakers  for  systems  as  follows : — 

I — Single  machines  without  external  reactance. 
2 — Single  machines  in  combination  with  external  reactance. 
3 — Multiple  machines  with  no  external  reactance. 
4 — Multiple  machines  in  combination  with  external  react- 
ance. 

The  percentage  reactance  in  any  line  of  a 
circuit  is  the  reactance  drop  in  that  line  at  normal  cur- 
rent, expressed  as  a  percent  of  the  voltage  to  the  neu- 
tral of  that  circuit,  which  equals  the  voltage  between 


nator  reactance  may  be  omitted. 

TABLE  I-MINIMUM  TIME  IN   SECONDS 


Between   the   instant   of 
contacts  for 

short-ci 
different 

-cuit  and   the   parting  of   the 
relay  combinations. 

No  Relay 

Solenoid  or 
Motor  Relay 

Induction  Relay 

a.  C.  Series 
Trip  Coil 

Cur.  Trans, 
with  A.  C. 
Trip  Coil 

Cur.  Trans, 
with  AC. 
Trip  Coil 

Cur.  Trans, 
with  D.  C. 
Trip  Coil 

Cur.  1  rails. 

with  A.  C. 

trip  Coil 

Cur.  1  rans. 
with  D.  C. 
Trip  Coil 

0.05 

0.08 

*0.10 

*o.i5 

*0.20 

*0.25 

*If  the  circuit  breaker  is  equipped  with  undervoltage  releasa- 
mechanism  use  0.08  sec. 
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EFFECT   OF   AUTOMATIC   VOLTAGE    REGULATORS 

Automatic  voltage  regulators  increase  the  excita- 
tion after  a  short-circuit  in  the  endeavor  to  hold  normal 
voltage  on  the  bus-bars.  The  maximum  current  which 
-can  be  obtained  from  the  exciters  will  not  ordinarily  be 
more  than  fifty  percent  greater  than  that  required  at 
full-load,  eighty  percent  power-factor.  Under  short- 
•circuit  the  alternator  terminal  voltage  is  reduced,  hence 
the  resultant  flux  density  in  the  alternator  iron  is  also 
reduced.  A  given  increase  in  excitation  therefore  pro- 
duces a  proportionate  increase  in  current  flowing  in  the 
short-circuit.  Hence  if  the  excitation  increases  fifty 
percent  the  sustained  short-circuit  current  will  be  ap- 
proximately fifty  percent  greater  than  the  sustained 
current  due  to  full-load  eighty  percent  power-factor 
excitation. 

An  appreciable  time,  however,  is  required  for  the 
-excitation  to  increase  to  its  maximum  value.  During 
the  first  half  second  the  amount  of  short-circuit  current 
is  not  affected  by  the  presence  of  the  voltage  regulator 
tut  from  this  time  on  the  current  curve  is  higher,  reach- 
ing a  value  at  the  end  of  two  or  three  seconds  of  fifty 
percent  greater  than  the  current  without  the  regulator. 

An  exception  to  the  above  appears  when  the  ex- 
ternal reactance  is  so  high  and  the  short-circuit  current 
so  limited  that  the  regulator  is  able  to  maintain  normal 
voltage  at  the  generator  terminals.  In  such  cases  the 
sustained  current  may  not  be  increased  as  much  as  fifty 
percent  but  will  be  limited  to  the  current  which  will  pass 
through  the  external  reactance  with  normal  voltage  im- 
pressed upon  it. 

PRECAUTIONS 

Future  extensions  to  a  given  system  should  not  be 
■overlooked  in  selecting  the  circuit  breaker,  therefore, 
it  will  be  necessary  to  approximate  the  size  to  which  the 
system  may  grow  in  a  reasonable  time  and  to  make  suit- 
able allowance  for  such  srrowth. 


Nonautomatic  trip  recommendations  are  usually 
based  on  the  assumption  that  the  circuit  breaker  is  in 
good  operating  condition,  that  its  contacts  will  not  part 
within  less  then  2.0  seconds  after  the  maximum  instan- 
taneous current  produced  by  an  unexpected  abnormal 
circuit  condition  has  been  reached,  and  that  their  part- 
ing is  not  impeded.  The  maximum  time  that  the  cir- 
cuit breaker  should  carry  an  abnormal  current  depends 
on  its  thermal  capacity.  Based  on  the  2.0  second  ap- 
plication this  time  is  5.0  seconds. 

Automatic  trip  recommendations  are  usually  based 
on  the  assumption  that  the  circuit  breaker  is  in  good 
operating  condition  and  that  its  contacts  will  part  in 
not  less  than  a  stated  minimum  time  after  the  maximum 
instantaneous  value  of  the  abnormal  current  has  been 
reached.  Any  faulty  condition  of  the  breaker,  such  as 
poor  oil,  stiff  bearings,  sluggish  operation  or  accumula- 
tion of  dust  will  diminish  the  interrupting  ability.  Also 
if  the  contacts  part  in  a  shorter  time  than  the  stated 
minimum,  a  larger  circuit  breaker  will  be  required, 
while  if  the  contacts  part  after  a  greater  time  than  the 
stated  minimum  value  a  smaller  circuit  breaker  may  be 
used. 

Relays  may  be  used  to  delay  the  parting  of  the  oil 
circuit  breaker  contacts  after  the  start  of  an  abnormal 
current.  The  greater  the  delay,  the  less,  in  general, 
will  be  the  current  to  be  interrupted.  Hence,  by  in- 
serting a  suitably  adjusted  time  delay  relay,  a  given 
automatic  oil  circuit  breaker  may  be  used  on  a  larger 
system,  or  for  a  given  system,  a  smaller  circuit  breaker 
may  be  used.  Minimum  trip  time  values  for  the  usual 
combination  of  relays  and  oil  circuit-breaker  trips  are 
given  in  Table  I.  In  applying  them,  it  must  be  remem- 
bered that  the  current-transformer  trip  combination 
with  relays  requires  circuit  opening  relays,  and  the 
shunt  trip  combination  requires  circuit  closing  relay  at- 
tachments. 
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INDUSTRIAL  controllers  are  commonly  provided 
with  one  or  more  protective  devices,  such  as  over- 
load, low  voltage  release,  etc.  Some  of  these  de- 
vices are  designed  to  protect  the  motor  against  abuse; 
■others  are  for  the  protection  of  the  operator  or  the 
machinery  driven  by  the  motor.  The  more  common  de- 
vices are  for  protection  against : — 

I — Overload 
2 — Low  voltage 
3— Phase  reversal 
4 — Phase  failure 
5— Shunt  field  failure 

OVERLOAD    PROTECTION 

Fuses — The  oldest  form  of  overload  protection  is 
the  fuse,  consisting  of  a  strip  of  metal  in  the  main  cir- 
cuit which  is  melted  or  fused  when  the  current  exceeds 
a  predetermined  value.     I'he  earlier  forms  of  fuse  con- 


James 

sisted  of  an  open  link.  .\  better  and  more  accurate  fuse 
was  obtained  by  enclosing  the  fusable  link  so  as  to  give 
it  a  more  definite  time  element  and  prevent  the  partfcles 
of  molten  metal  from  dropping  on  surrounding  objects. 
Fuses  are  easy  to  obtain  in  the  ordinary  sizes,  as  they 
are  carried  by  most  supply  houes.  Small  fuses  are 
inexpensive  where  only  occasional  overloads  are  ex- 
perienced. Where  the  motor  is  worked  hard  resulting 
in  repeated  blowing  of  the  fuse,  the  cost  of  fuse  re- 
newals, even  for  small  motors  becomes  excessive  and 
it  is  cheaper  to  use  some  form  of  overload  device  which 
does  not  require  renewal.  A  knife  switch  should  be 
provided  for  disconnecting  the  fuses  from  the  line  be- 
fore they  are  renewed.  Even  the  best  designs  of  fuse 
are  not  very  accurate,  so  that  it  is  necessary  to  overfuse 
a  motor  somewhat  to  be  sure  of  having-  a  fuse  of  suffi- 
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cient  capacity.  The  inherent  time  element  in  a  fuse 
is  a  distinct  advantage  on  a  motor  load,  as  the  fuse  will 
not  respond  to  momentary  variations  in  load,  although 
it  will  act  promptly  on  excessive  overloads. 

Circuit  Breakers — The  circuit  breaker  is  a  switch 
provided  with  an  overload  trip  which  usually  consists 
of  a  magnet  with  a  movable  core.  The  attraction  of 
tlie  core  of  the  magnet  trips  the  circuit  breaker  and 
opens  the  circuit.  Usually  the  current  at  which  the  cir- 
cuit breaker  trips  is  adjusted  by  changing  the  air-gap 
between  the  core  and  its  pole  face.  Most  circuit  break- 
ers are  reset  or  closed  by  hand,  although  magnetic  re- 
set can  be  provided.  No  new  parts  are  required  for 
reestablishing  the  circuit  after  the  circuit  breaker  has 
opened.  The  continual  rupturing  of  the  circuit  grad- 
ually wears  away  the  arcing  trips  of  the  circuit  breaker 
so  that  these  must  be  renewed  occasionall}'.  The  over- 
load trip  can  be  provided  with  a  dashpot  for  giving  it 
a  defii'ite  time  element,  which  should  always  be  done 
for  motor  loads. 


FIG.    I- 


-r.\SH-I'OT    TYPE    OF    l.WEKSE    TIME   ELEMENT   OVER-LOAD 
RELAY 


Overload  Relay — The  overload  relay  is  a  small  cir- 
cuit breaker  which  is  actuated  by  a  magnet  and  opens 
the  circuit  to  the  operating  coil  of  a  magnetic  contactor 
or  to  the  low  voltage  coil  of  a  circuit  breaker.  The  re- 
lay closely  resembles  the  overload  mechanism  of  a  cir- 
cuit breaker,  with  the  addition  of  the  small  contacts 
referred  to  above.  These  relays  should  be  provided 
with  dashpots  to  give  an  inverse  time  element  when 
used  with  motors.  When  the  overload  relay  is  used  in 
connection  with  magnetic  contactors  arrangements  can 
be  made  for  reestablishing  the  electric  circuit  from  a 
push  button  or  master  switch.  When  the  relay  trips 
its  pilot  circuit,  this  circuit  may  be  maintained  open 
by  a  mechanical  latch  on  the  relay  or  it  may  be  opened 
through  an  electrical  interlock  on  the  magnet  contactor. 
If  a  mechanical  latch  is  ured  on  the  relay,  this  latch  may 
be  released  either  by  hand  or  by  another  small  magnet. 
The  two  methods  are  known  respectively  as  "hand  re- 
set" and  "magnet  reset."  Where  the  circuit  through 
the  relay  contacts  is  opened  on  an  interlock  attached  to 
the  main  contactor  or  throusjh  another  relax,  tlie  device 


IS  known  as  "electrically  reset".  The  hand  reset  on 
the  relay  is  not  recommended  for  most  applications,  as 
it  is  not  desirable  for  die  operator  to  place  his  hand 
near  the  live  parts  on  the  control  panel. 

Time  Element  Overload  Relays — Engineers  have 
recognized  for  years  the  desirability  of  having  an  over- 
load device  which  would  have  a  time  element  propor- 
tional to  the  time  required  to  heat  up  the  motor  to  a 
definite  temperature  with  various  loads.  Such  a  device 
would  give  overload  protection  to  the  motor  but  would 
not  protect  the  motor  from  a  short-circuit  or  severe 
overload.  This,  however,  could  be  readily  taken  care 
of  by  a  fuse,  as  it  would  not  be  called  upon  to  operate 
except  in  cases  of  emergency.  Many  motors  are  oper- 
ated on  intermittent  loads,  such  as  cranes,  hoists, 
machine  tools,  elevators,  etc.  The  motor  is  capable  of 
carrying  a  heavy  overload  for  a  short  period  of  time. 
This  period  of  time  is  much  longer  than  given  by  the 
time  element  in  commercial  forms  of  relays.  It  is  nec- 
essary, therefore,  to  set  the  relay  so  as  to  prevent  its 
operating  on  these  short  time  overloads.  This  results 
in  the  motor  being  without  adequate  overload  protec- 


FIG.    2 — INDUCTION    TYPE,    TI.ME    ELEMENT    OVER-LOAD    RELAY' 

tion  in  case  of  prolonged  operation  at  the  maximum 
load.  Large  units,  such  as  turbogenerators,  have  ther- 
mocouples incorporated  in  their  windings.  These 
thermocouples  are  connected  to  suitable  switchboard 
instruments  to  indicate  the  temperature  of  the  windings 
so  that  the  load  can  be  regulated  properly.  The  same 
device  could  be  used  for  opening  the  circuit  breaker, 
if  desirable.  These  thermocouples,  however,  are  ex- 
pensive and  the  apparatus  required  too  elaborate  for 
ordinary  motor  applications.  There  is  therefore  a 
field  still  open  for  the  development  of  a  long  time  over- 
load device  which  will  permit  the  motor  to  operate  at 
a  heavy  load  for  relatively  short  periods  of  time  and 
still  protect  the  motor  against  continuous  operation  at 
this  load. 

Fig.  I  shows  a  commercial  form  of  overload  relay 
having  a  dashpot  to  give  it  an  inverse  time  element 
feature.  Another  form  of  relay,  shown  in  Fig.  2,  has 
a  copper  disc  rotating  between  the  poles  of  permanent 
magnets  to  provide  a  definite  time  element.  The  dash- 
pot  type  of  relay  is  usually  designed  to  give  an  inverse 
time  element  on  increasing  loads.  Sometimes  it  is  op- 
erated  from   series  transformers   with   saturated   cores 
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to  give  a  constant  pull  regardless  of  the  load.  This 
latter  form  of  relay  is  known  as  a  fixed  time  element 
relay.  It  is  the  preferable  form  to  use  in  connection 
with  ?.  controller  which  is  connected  to  a  large  power 
supply  line  and  is  provided  with  a  separate  feeder  cir- 
cuit breaker  for  taking  care  of  short-circuits. 

Some  operators  are  under  the  impression  that  it  is 
desirable  to  adjust  the  time  element  of  overload  relays. 
This  adjustment  would  be  desirable  if  a  long  time  ele- 
ment were  obtained.  Commercial  forms  of  relays  do 
not  aiiford  a  time  element  which  compares  in  length 
to  the  time  required  to  heat  \.\\i  even  small  motors.  It 
is  desirable,  therefore,  to  obtain  as  long  a  time  element 
as  possible  with  the  dashpot  relay  and  any  adjustment 
provided  should  be  set  i  )  give  the  maximum  time  ele- 
ment. If  too  long  a  time  element  is  attempted  with 
the  dash-pot  relay,  there  is  a  tendency  for  it  to  stick 
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before  the  contactor  on  the  control  panel.  The  circuit 
breaker  can  be  set  for  a  high  enough  value  so  that  it 
will  not  be  affected  by  ordinary  overloads.  The  over- 
load device  on  the  control  panel  should  be  set  low 
enough  to  protect  the  motor  against  abuse.  Where 
overload  relays  are  used  in  connection  with  feeder  cir- 
cuit breakers,  it  is  desirable  to  have  an  adjustable  time 
element.  In  many  cases  the  same  overload  relay  is 
used  for  both  classes  of  service.  It  is  therefore  pro- 
vided with  an  adjustable  time  element,  although  the 
short  time  element  is  not  desirable  when  used  on  the 
controller. 

LOW  VOLTAGE  PROTECTION  OR  RELEASE 

Devices  of  this  kind  are  arranged  for  disconnecting 
the  motor  from  the  line  on  failure  of  voltage.  The 
Electric  Power  Club  has  recognized  two  forms  of  this 
protection : — 

To  Motor  and  Controller 


To  Motor 
and  Controller 


Contactor 

Coil  g 


Relay  2 


y. fA/\/vv\- 


To  Power 
Supply 


[ 


FIG.   3 — C0MH1NED      PH.\SE      FAILURE      AND 
I'HASE   REVERSAL   RELAY   FOR   A   THREE- 
PHASE  CIRCUIT 

This  consists  of  two  small  relays,  the 
contacts  of  which  are  closed  by  electro- 
magnets. Relay  2  is  connected  across 
one  phase  of  the  circuit  and  remains 
closed  as  long  as  that  phase  is  energized. 
The  coil  of  relay  i  is  connected  between 
the  three  phases  of  the  circuit,  one  end 
of  the  coil  having  an  inductor  in  one 
branch  and  a  resistor  in  the  other 
branch.  This  combination  brings  the 
current  in  the  two  branches  of  the  cir- 
cuit so  that  its  effect  upon  the  coil  of 
relay  /  is  added  when  the  phase  relation 
is  correct.  On  a  reversal  of  phase  re- 
lation, the  current  in  the  two  legs  of  the 
circuit  through  the  coil  of  relay  /  oppose 
each  other  and  the  relay  drops  open. 
On  failure  of  voltage  in  any  one  of  the 
three  phases,  relay  /  is  opened  either 
directly  or  through  the  opening  of  relay 
.?.  The  contactor  coil  for  the  control  is 
in  circuit  with  the  contacts  of  relay  / 
so  that  the  opening  of  this  relay  dis- 
connects the  motor  from  the  line. 

under  adverse  conditions.  It  is  necessary,  therefore,  to 
adjust  this  time  element  so  that  the  maximum  time 
given  will  insure  satisfactory  operation. 

All  motor  circuits  should  be  protected  by  feeder  cir- 
cuit breakers  or  fuses.  If  the  feeder  circuit  is  con- 
nected to  a  very  large  transformer  or  to  a  power  cir- 
cuit having  large  capacity  back  of  it,  the  feeder  circrfit 
breaker  should  be  of  ample  capacity  to  take  care  of  the 
power  ahead  of  it  in  case  of  a  short-circuit  to  the  feeder 
or  the  apparatus  connected  to  this  feeder.  This  circuit 
breaker  must  have  a  less  time  element  on  its  trip  than 
that  obtained  with  the  overload  relay  on  the  controller 
panel.  This  latter  will  require  a  relay  with  a  fixed  time 
element   to   insure   the  opening  of   the  circuit   breaker 


Reverse  Phase 


Inductor  ~~~      Relay 

FIG.   4 — COMBINED      PHASE      FAILURE      AND 
I'HASE   REVERSAL   RELAY    FOR   A   TWO-PHASE 
CIRCUIT 

This  device  consists  of  a  single  relay 
having  two  coils,  the  coil  across  one 
phase  having  a  resistor  in  circuit  with 
it.  The  coil  across  the  other  phase  has 
an  inductor  in  circuit  with  it.  The  use 
of  the  resistor  and  inductor  in  the  two 
coil  circuits  results  in  the  current  in 
each  coil  being  approximately  in  the 
same  phase  relation  and  their  action  is 
added.  If,  however,  the  phase  relations 
of  the  supply  circuit  are  reversed,  the 
magnetic  action  in  the  two  coils  is  op- 
posite and  the  relay  opens.  On  failure 
of  voltage  in  either  circuit,  one  coil  is 
de-energized  and  the  relay  opens.  The 
coil  for  the  magnetic  contactor  for  the 
main  circuit  is  connected  through  the 
contacts  on  this  relay  so  that  when  the 
relay  opens  the  magnet  contactor  coil 
is  disconnected,  opening  the  contactor 
and  disconnecting  the  motor  from  the 
line. 


Contactor 
Coil 


Reverse 


^^^M^jm^'      Relay 


To  Power  Supply 
FIG.    5 — COMlllNED      PHASE      FAILURE      AND 
PHASE  REVERSAL  RELAY  OF  THE  WATTMETER 
OR    MOTOR    TYPE 

The  coil  for  the  contactor  in  the  motor 
circuit  is  connected  through  the  contact 
in  the  relay.  This  contact  is  held  open 
by  a  spring  and  is  closed  due  to  the 
ton|ue  exerted  by  two  coils  connected 
to  two  of  the  three  phases.  These  coils 
set  up  a  motor  action  which  forces  the 
contacts  together  against  the  spring 
pressure  when  the  phase  relation  is 
correct.  If  either  of  the  three  phases 
is  reversed  the  torque  on  the  watt  meter 
movement  is  reversed  and  the  contact 
opens.  If  the  voltage  fails  in  either 
phase,  the  torque  is  reduced  to  zero  and 
the  spring  opens  the  contacts. 


(a)  Low  Voltage  Re/ease— This 
provides  for  disconnecting 
the  motor  from  the  line  on 
failure  of  voltage,  but  per- 
mits the  motor  to  start  auto- 
matically when  line  voltage  is  re-established. 
Such  a  device  is  the  magnetic  contactor  con- 
trol with  automatic  acceleration.  It  is  used 
for  pumps,  fans,  and  similar  applications 
which  should  restart  automatically  when  the 
voltage  is  restored  to  the  line. 
(b)  Lozv  Voltage  Protection — This  device  discon- 
nects the  motor  from  the  line  on  failure  of 
voltage  and  prevents  the  motor  from  being 
started  again  on  re-establishment  of  line  vol- 
tage. In  order  to  start  the  motor,  the  opera- 
tor must  push  a  button  or  operate  a  lever. 
This  latter  is  ;.:  very  necessary  precaution 
where  the  motor  is  used  for  driving  machine 
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tools  or  woodworking  machiner}',  printing 
presses  or  in  fact,  any  device  which  might 
cause  injury  to  a  person  working  on  the  ma- 
chine. 

These  devices  are  sometimes  known  as 
"under  voUage"  instead  of  "low  voltage",  both 
terms  having  the  same  significance.  Usually 
they  do  not  respond  to  a  small  drop  in  voltage. 

PHASE   REVERSAL   PROTECTION 

This  device  operates  to  discormect  the  motor  from 
the  line  in  case  one  of  the  phases  of  the  polyphase  cir- 
cuit has  been  reversed.  Such  reversals  sometimes  oc- 
cur when  repair  men  are  installing  service  transformers 
or  making  other  repairs.  The  effect  of  such  a  reversal 
is  to  cause  the  motor  to  operate  in  the  opposite  direc- 
tion. For  some  applications  such  a  reversal  will  not 
cause  any  damage,  but  where  the  motor  drives  an  eleva- 
tor or  hoist  a  serious  accident  may  result.  Some  public 
service  corporations  supplying  electric  power  to  users 
require  the  installation  of  a  reverse  phase  relay  device 
on  all  elevator  motors  to  perfect  them  from  liability 
resulting  from  such  an  accident.  There  are  a  number 
of  these  devices  now  In  the  market.  Some  of  them 
consist  of  a  small  relay  having  two  parts  corresponding 
to  the  stationary  and  movable  element  of  a  motor  or 
wattmeter.  Power  supplied  to  these  two  parts  causes 
rotation  in  a  definite  direction.  The  torque  thus  estab- 
lished maintains  a  contact  in  the  closed  position  and 
represents  normal  operation.  If  either  phase  is  re- 
versed, the  torque  of  the  relay  is  also  reversed  which 
opens  the  contact  and  disconnects  the  control  and  motor 
from  the  line. 

Another  form  of  relay  is  shown  in  Fig.  3.  This 
relay  is  made  up  of  standard  contactors.  The  operat- 
ing coil  is  supplied  through  two  circuits,  as  shown. 
One  of  these  circuits  has  a  resistance  in  series  with  it, 
the  other  an  inductance.  The  resistance  and  induct- 
ance cause  a  displacement  between  the  two  phases  so 
that  their  affect  is  added  and  the  relay  maintained 
closed.  If  either  phase  is  reversed,  the  phase  angle  is 
changed,  cattsing  the  two  circuits  to  oppose  each  other, 
reducing  the  magnetic  action  on  the  coil  and  opening 
the  relay.  In  the  case  of  tlie  two-phase  arrangement 
shown  in  Fig.  4,  the  contactor  is  provided  with  two 
separate  coils,  one  in  each  phase. 

Some  devices  of  this  character  have  been  designed 
to  close  a  circuit  on  reversal  of  phase  rather  than  open 
it.  Such  devices  have  special  applications  in  connec- 
tion with  power  circuits,  but  are  undesirable  for  indus- 
trial control  as  the  failure  of  the  contacts  to  make  a 
good  electrical  connection  or  the  breaking  of  one  of  the 
wires  would  prevent  such  a  device  from  operating. 
Where  the  contact  is  closed  for  normal  operation,  the 
breaking  of  a  wire  or  the  failure  of  the  contact  would 
disconnect  the  controller  from  the  line  and  automat- 
ically stop  the  motor,  which  is  a  .safer  arrangement. 


PHASE  FAILURE  PROTECTION 

Sometimes  one  line  of  a  polyphase  circuit  may  be 
opened  accidentally.  If  the  motor  has  not  started,  it 
will  fail  to  do  so  and  may  be  injured  by  leaving  it  con- 
nected to  the  line.  This  can  easily  happen  in  a  mechan- 
ically-operated elevator  control  where  the  failure  of  the 
motor  to  start  might  cause  the  operator  to  leave  the 
controller  in  the  running  position.  By  using  a  low  volt- 
age device  across  two  phases  of  the  three-phase  circuit,, 
or  one  relay  for  each  phase  of  the  two-phase  circuit, 
the  motor  can  be  protected  from  such  an  accident.  The 
relays  are  connected  in  such  a  way  that  the  main  switch 
will  not  close  until  both  relays  are  closed.  This  ar- 
rangement is  often  combined  with  a  phase  reversal  re- 
lay device  to  give  protecrion  to  the  elevator  both  fror>". 
phase  reversal  and  phase  failure, 

If  a  motor  is  rotating  and  one  phase  is  opened,  the 
m_otor  will  continue  to  operate  single  phase  if  the  torque 
does  not  exceed  the  single-phase  torque  of  the  motor. 
Such  operation,  however,  causes  all  of  the  load  to  be 
carried  by  one  phase  of  the  motor  and  may  seriously 
overheat  these  windings.  If  the  overload  protection 
is  set  at  a  low  enough  value,  it  will  protect  the  active 
phase  from  an  excessive  overload.  Unfortunately, 
such  overload  devices  are  frequently  set  too  high  to  af- 
ford proper  protection.  While  the  motor  is  operating, 
voltage  is  maintained  across  all  three  terminals  of  a 
three-phase  motor  or  across  both  phases  of  a  two-phase 
motor,  due  to  the  active  phase  generating  voltage  in  the 
inactive  circuit.  The  voltage  generated  in  the  inactive 
circuit  is  very  little  less  than  the  normal  voltage,  so  that 
any  phase  failure  device  depending  upon  a  drop  in  volt- 
age for  operating  it  will  not  respond,  when  connected  to 
a  rotating  motor.  Fortunately  many  installations,  such 
as  elevators,  hoists,  etc.  operate  for  only  a  short  time 
with  out  coming  to  rest,  so  that  a  phase  failure  device 
wi.ll  operate  the  first  time  the  motor  is  brought  to  rest 
and  prevent  restarting  it. 

SHUNT  FIELD   FAILURE 

Shunt-wound  direct-current  motors  may  operate 
at  an  abnormal  speed  and  destroy  themselves  by  cen- 
trifusral  action  if  the  shunt  field  becomes  disconnected 
from  the  line.  While  this  kind  of  an  accident  is  of 
very  rare  occurrence,  it  is  thought  advisable  to  guard 
against  it  in  some  particular  cases.  The  usual  method 
of  guarding  against  this  form  of  accident  is  to  provide 
a  relay  and  place  its  magnetic  circuit  in  series  with  the 
shunt  field  cifcuit  of  the  motor.  When  this  relay  is 
energized,  it  closes  the  pilot  circuit  to  the  controller.  If 
the  shunt  field  circuit  should  open,  this  relay  will  open 
the  pilot  circuit  to  the  controller,  which  in  turn  discon- 
nects the  motor  from  the  line. 

One  serious  objection  in  the  use  of  this  relay  is  the 
transformer  action  which  takes  place  in  the  motor  due 
to  sudden  changes  of  load.  This  action  is  particularly 
noticeable  when  the  motor  is  compound  wound.  A 
rapid  change  in  load  causes  a  change  in  the  field  flux. 
This   exerts   a    transformer   action   on    the    shunt    field 
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■windings  and  may  be  sufficient  to  momentarily  reverse  ertia  to  the  moving  parts  of  the  relay  by  means  of  a 

the  current  in  these  vi^indings.     This  does  not  mean  that  pivoted  weight  or  similar  device.     Another  method  is 

the  flux  in  the  field  circuit  of  tlie  motor  is  reduced  to  to  use  a  heavy  tube  of  copper  around  the  magnet  core. 

zero.     It  simply  means  that  the  rate  of  change  of  the  This  copper  tube  acts  as  the  short-circuited  secondary 

flux  is  sufficient  to  generate  a  counter  voltage  in  the  of  a  transformer  and  delays  any  change  in  magnetism 

shunt  field  windings  large  enough  to  cause  a  momen-  j,-,  jj^g  relay.     Usually  one  or  the  other  of  these  devices 

tary  pause  in  the  current  through  these  wmdings.  This  ^.jjj  p,-ove  satisfactory,  although  in  aggravated  cases, 

is  not  very  hard  to  do  as  the  shunt  field  usually  has  a  additional  precautions  must  be  taken. 

very  large  number  of  turns,  which  multiplied  by  a  small  Engineers,  as  a  rule,  do  not  consider  it  necessary 

change  in  flux,  will   cause  a  considerable  voltage.     A  ^^  ^^^  ^  ^j^^^^  ^^^^  protective  relay  except  with  large 

reaction  of  this  kind  in  the  shunt  field  circuit  of  the  ^^^^^^^.^  ^^^^^^  ^^^  ^^^  ^.^^^  ^^^^^  ^^^.^^-^^  conditions  of 

motor  may  cause  the  relay  to  drop  out  and  disconnect  j^^^      ^  ^^^.^^^    ^^    ^^^    character    should    be 

the  motor  from  the  line.     The  connections  to  the  con-  ^^^^.^^^  ^^^^^  unnecessary,  as  they  add  complication 

troller  are  such  that  when  the  relay  does  open  the  cir-  .  .  •„.„„^,;„„ 

^      \.     „        J.  to  a  control  equipment  and  require  additional  inspection 
cult,  the  motor  will  not  start  again  automatically.     It  ...  ^.  j.^.  -r,  . 

.  ^     J.  .,  f  ,.  (.„  ,.„c.^t  iu;^  and  care  to  maintain  m  an  operative  condition.     It  is 

requires  action  on  the  part  of  the  operator  to  reset  this  ,        ,     .  ,      ,        , 

,  seldom  that  any  safety  devices  are  used  other  than  over- 

'a  number  of  devices  have  been  used  to  delay  the  load   and   low   voltage.     Wherever  a   safety   device   is 

action  of  this  relay  to  prevent  an  interruption  of  ser-  "sed,  it  should  be  tested  at  frequent  intervals  to  insure 

vice.     One  method  consists  in  adding  considerable  in-  its  proper  operation  in  case  of  accident. 

Claani^jMg  a  DicDS^-Carrent  Maclioie  to  a 

M.  W.  Smith 

THE  FOLLOWING  discussion  is  intended  to  show   the   relations   between   a   direct-current   machine 
and  a  synchronous  converter  and,  in  a  general  way,  to  show  the  possibilities  and  difficuhies  in  changing  a 

direct-current  machine  to  a  synchronous  cenverter.  It  is  not  possible  in  the  scope  of  this  article  to  cover 
each  particular  case  and  combinations  of  windings  but  the  principles  and  relations  here  shown  should 
apply,  when  given  the  proper  consideration. 

EXCEPT  for  certain  relations  which  exist  between  winding,  only  one  tap  is  necessary  for  each  collector 
the  alternating  and  direct-current  sides  of  a  ring  to  the  whole  armature  winding,  regardless  of  the 
synchronous  converter,  its  design  is  essentially  number  of  poles.  Then  with  all  the  taps  on  one  side 
the  same  as  that  of  a  corresponding  direct-current  ma-  of  the  armature,  the  total  number  of  coils  (and  hrnce 
chine.  The  armature  winding,  in  addition  to  being  suit-  commutator  bars)  must  be  a  multiple  of  the  numbe-  of 
able  for  connection  to  the  commutator,  must  also  be  collector  rings.  By  making  some  of  the  alternating- 
arranged  for  connection  to  alternating-current  collector  current  taps  on  the  commutator  end  of  the  machine,  and 
rings.  The  armature  windings  are  usually  straight  mul-  bringing  the  collector  leads  through  the  spider,  the  arm- 
tiple  and  series  or  two-circuit  t3'pes,  while  the  windings  ature  winding,  for  either  multiple  or  series-wound  ma- 
of  direct-current  machines  are  sometimes  various  modi-  machines,  may  be  symmetrically  tapped  when  the  num- 
fications  and  combinations  of  these.  However,  it  is  ber  of  conductors,  instead  of  the  number  of  coils,  is  a 
sufficient  for  the  purpose  of  this  article  to  consider  only  multiple  of  the  number  of  collector  rings.  This  scheme 
the  straight  multiple  and  two-circuit  windings.  On  ac-  is  undesirable  and  should  be  avoided  if  possible,  er.pe- 
count   of   its  limited   current   capacity   the   two-circuit  cially  on  the  larger  machines. 

winding  is  used  only  for  small  or  slow-speed  machines  The  fact  that  the  alternating-current  taps  have  the 

where  a  large  number  of  conductors  are  required   in  same  number  of  conductors  between  them  does  not  al- 

order  to  get  the  desired  voltage.  ways  mean  that  there  are  the  same  number  of  slots  and 

teeth  between  taps.       Hence,  at  the  same  instant  taps 

RATIO  OF  COILS  TO  COLLECTOR  RINGS  ,  •  ,  , 

which  have  the  same  phase  position  may  not  have  the 

In  either  the  multiple  or  two-circuit  winding,  the  ^^1^1       u  ^  <.i.  1       ^     ^i      j-rc 

.  '  °'  same  total  nux  between  them,  due  to  the  diflrerencc  in 

alternating-current  taps  must  be  made  in  such  a  way  as  ,.,  ,.■         1     .  t-i  •  *•  u  1       • 

,  ,  '  •'  the   magnetic    reluctance.      Ihis   magnetic   unbalancing 

to  have  the  armature  winding  electrically  balanced,  i.e.,  .  ,      .  .  -u     »•  1  ■  t       -n         u  ui 

,  ,  ,  has  a  tendency  to  cause  vibration,  which  will  probably 

there  must  be  the  same  number  of  electrical  degrees  ,    ,  „     .  ■      ■-       ,  ,  n  u-  u   ^  u 

,      ,  *'  not   be  objectionable   on   small   machines,  but   may   be 

(and  hence   conductors)    between  adjacent  taps.     For         tc.  ■     <.         j  1  ■         ^  -t,     u       u       ^ 

,           1  •   I        •    ,.  surhcient  on  larger  machines  to  cause  the  brushes  to 
the  multiple  winding,  there  must  be  one  tap  for  each  ...  j    •      "  •  ^  ^-  t.  1  r       1 
„     ^        .                 ''.'                                          f          ^  chatter  and   impair   comutation.     The  number  of   col- 
collector  ring  per  pair  of  poles.     Therefore,  assuming  ,     ,        •                 ■     a  e      a     a-o:        ^          u        r    1 

,,  ^,       ,  ■  °  lector  rings  required  for  the  difterent  number  of  phases 

all  the  alternating-current  taps  made  on  one  side  of  the  •  r  ,, 

,  ,  '  IS  as  toUows: — 

armature,  the  number  of  coils,  and  hence  the  number  of  Single-phase  ^ 

commutator  bars  per  pair  of  poles,  must  be  a  multiple  of  Two-phase 4 

tlie    number   of    collector    rings.      For    the    two-circuit  Si'^x'-p'^W '*'    6 
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CHANGE  OF  SPEED 

Tapping  the  armature  winding  as  outlined  is  about 
the  only  change  in  the  winding  necessary  when  chang- 
ing over  a  direct-current  machine  to  a  synchronous  con- 
verter at  the  same  speed  and  voltage,  and  using  the  old 
windings  and  commutator.  This,  however,  is  a  condi- 
tion seldom  met  in  practice.  The  speed  of  a  machine 
with  a  given  number  of  poles  will,  of  course,  be  deter- 
mined by  the  frequency  of  the  applied  alternating-cur- 
rent voltage,  i.e.,  the  machine  will  run  at  synchronous 
speed  corresponding  to  the  applied  frequency,  which 
equals  120  times  the  frequency  divided  by  the  number 
of  poles.  It  is  very  often  this  fact  which  prevents  the 
conversion  of  a  direct-current  machine  to  a  converter 
of  the  desired  frequency.  Direct-current  machines  are 
usually  designed  for  an  overspeed  of  about  25  percent, 
and  sometimes  the  mechanical  design  is  not  liberal 
enough  to  stand  this  speed  continously.  Therefore,  it 
will  rarely  ever  be  possible  to  run  a  direct-current  ma- 
chine as  a  converter  at  a  frequency  which  corresponds 
to  a  speed  greater  than  25  percent  above  normal,  de- 
pending on  the  mechanical  design.  The  stresses  at  the 
desired  speed  should  be  carefully  checked  in  each  par- 
ticular case,  and  especially  when  the  machine  is  to  lun 
inverted,  i.  e.  direct  to  alternating-current  or  under  any 
other  condition  where  an  overspeed  is  liable  to  occur. 
The  frequencies  of  direct-current  machines  vary  over  a 
considerable  range,  usually  from  10  to  45  cycles,  wliile 
the  frequencies  of  synchronous  converters  are  usually 
confined  to  25  and  60  cycles,  which  are  the  standard  fre- 
quencies in.  this  country.  Therefore,  the  chances  of 
converting  a  direct-current  machine  to  a  60-cycle  con- 
verter are  rather  remote,  but  25  cycles  is  well  within  the 
above  limits. 

The  commutator  of  a  direct-current  machine  is  de- 
signed for  a  certain  voltage  and  a  certain  current  and 
neither  of  these  limits  can  be  appreciably  exceeded,  the 
extent  to  which  they  can  be  exceeded  safely  depending 
on  the  margin  in  the  particular  design.  As  stated  above, 
it  may  be  possible  to  run  a  direct-current  machine  as  a 
converter  at  a  speed  25  percent  above  normal.  Then, 
keeping  the  same  flux  densitites  in  the  machine,  this 
would  mean  a  voltage  25  percent  above  normal  which 
might  be  higher  than  the  commutator  would  stand  from 
the  standpoint  of  flashing.  Ten  to  fifteen  percent  above 
normal  would  be  a  better  limit.  For  such  a  small  dif- 
ference, it  would  hardly  be  feasible,  or  even  possible, 
to  put  a  new  winding  in  the  machine  to  bring  down  the 
voltage  within  the  limit.  The  field  excitation,  and  hence 
the  flux  densities,  should  be  reduced  so  as  to  give  the  de- 
sired voltage.  Although  the  commutating  characteris- 
tics at  the  higher  speed  and  frequency  will  not  be  quite 
so  good,  the  machine  will  probably  be  able  to  carry  ap- 
proximately the  same  current  output. 

VOLTAGE   CHANGES 

When  changing  the  machine  tb  a  converter  of  a 
frequency  corresponding  to  a  speed  below  the  noiinal 
value,  the  current  output  will  be  the  limiting  feature 
rather    than    the    voltage.     The    value    of    the    current 


should  be  the  same  at  the  reduced  speed  as  before.  Us- 
ing the  same  windings  and  working  the  machine  at  the 
same  inductions,  the  voltage  and  hence  the  rating  will 
be  reduced  directly  as  the  speed.  It  is  sometimes  pos- 
sible to  change  the  armature  winding  and  keep  the  volt- 
age the  same  at  the  reduced  speed  as  before.  This, 
however,  is  not  often  possible  for  small  changes 
in  speed,  as  the  right  number  and  combination 
of  conductors  cannot  be  obtained  with  the  existing  num- 
ber of  slots  and  commutator  bars.  But  for  large 
changes  in  speed,  it  is  sometimes  feasible.* 

For  instance,  suppose  a  direct-current  machine- 
wound  with  a  single-turn  coil,  and  a  multiple  winding  is 
to  be  run  as  a  converter  at  a  frequency  corresponding 
to  half  the  normal  speed.  By  rewinding  the  machine 
with  a  two-turn  coil  and  a  multiple  winding,  the  same 
voltage  as  before  may  be  obtained.  However,  the  cur- 
rent and  hence  the  rating  of  the  machine  must  still  be 
reduced  in  the  ratio  of  the  speed;  i.e.,  half  the  original 
value. 

Since  the  armature  heating  of  a  polyphase  con- 
verter is  less  than  that  of  a  corresponding  direct-current 
machine,  as  explained  later,  it  might  be  expected  that 
the  current  could  be  increased  above  one-half  the 
original  value  (even  though  the  conductors  are  only  ap- 
proximately one-half  their  original  size)  and  partially 
restore  the  original  rating.  However,  commutating 
conditions  prevent  this  due  to  the  increased  reactance 
voltage  under  the  brush  incident  to  the  in- 
creased current.  Hence,  so  far  as  the  rating  of  the 
machine  is  concerned,  there  is  no  advantage 
in  changing  the  voltage,  except  to  adapt  the  ma- 
chine to  the  desired  circuit  voltage.  Of  course,  it 
may  not  always  be  desirable  to  keep  the  voltage  the 
same,  even  though  the  speed  remains  the  same.  In  any 
case,  the  same  problem  presents  itself,  i.e.,  on  account 
of  the  small  number  of  conductors  per  slot  and  with  a 
given  number  of  commutator  bars,  it  is  hardly  possible 
to  rewind  a  direct-current  machine  for  small  changes 
in  voltage.  For  a  change  in  voltage  of  two 
or  three  to  one,  etc.,  it  is  sometimes  possible 
to  get  the  desired  change  in  voltage,  provided  the 
change  does  not  exceed  the  limit  of  the  commutator. 
For  instance,  on  a  machine  wound  with  one  two-turn 
coil  per  slot,  or  two  single-turn  coils  per  slot,  it  would 
be  possible  to  reduce  the  voltage  to  one-half,  keeping 
the  speed  and  induction  the  same,  by  rewinding  the  ma- 
chine with  a  one-turn  coil  per  slot.  It  would  then  be  nec- 
essary to  parallel  each  alternate  commutator  bar  with 
the  one  adjacent  to  it,  so  as  to  have  one-half  the  num- 
ber of  active  bars  as  before.  Since  the  current  must  be 
kept  the  same  as  before,  the  rating  will  be  reduced  to- 
one-half  its  original  value. 

.Since  the  converter  has  only  one  armature  wind- 
ing, with  the  commutator  on  one  end  and  the  alternat- 
ing-current collector  rings  on  the  other,  the  ratio  be- 
tween   the    alternating    and    direct-current    voltages    is 

*See  article  on  ".•\daptiiig  Direct-Cvirreiit  Motors  to 
Clianged  Conditions"  by  H.  L.  Smith  in  the  .Ioirn-.m.  for 
April,   1916,  p.   177- 
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fixed,  and  is  practically  constant  at  all  loads.  Unlike  a 
direct-current  generator,  changing  the  field  excitation 
will  not  change  the  direct-current  voltage  (assuming 
constant  alternating-voltage),  but  as  in  the  case 
of  a  synchronous  motor,  changing  the  field  exci- 
tation causes  reactive  current  to  be  drawn  from  the 
line  to  magnetize  or  demagnetize  the  field,  depending  on 
whether  it  is  under-excited  or  over-excited,  so  as  to 
keep  the  air-gap  flux,  and  hence  the  generated  voltage, 
constant.  The  approximate  ratios  of  the  alterftating- 
current  voltage  to  the  direct-current  for  the  different 
number  of  phases  are  as  follows : — 

Single-phase ' O.71 

Two-phase    diametrical    0.71 

Three-phase 0.62 

Six-phase    double-delta    0.62 

Six-phase    diametrical    0.71 

ARMATURE   HEATING 

The  alternating  and  direct-currents  tend  to  flow  in 
opposite  directions  in  a  synchronous  converter  armature 
winding,  and  the  actual  current  in  the  winding  is  the 
resultant  of  the  two.  The  resultant  current  and  hence 
the  heating,  varies  in  difterent  conductors  on  the  arm- 
ature, and  for  difterent  power- factors.  At  unity 
power- factor,  it  is  a  maximum  in  the  tap  coil  and  de- 
creases to  a  minimum  value  in  the  coil  midway  be- 
between  taps.  If  the  power-factor  of  a  converter  is 
reduced  below  unity,  the  alternating-current  not  only 
increases,  but  its  distribution  also  changes  and  the  arm- 
ature heating,  especially  in  the  tap  coils,  increases  very 
rapidly.  Therefore,  it  is  desirable  that  the  field  excita- 
tion on  the  converter  be  adjusted  so  as  to  maintain  unity 
power-factor.  The  average  heating  over  the  whole 
armature  of  a  machine,  when  operated  as  a  converter  at 
unity  power- factor,  compared  with  the  armature  heat- 
ing of  the  machine  when  operated  as  a  direct-cui  rent 
generator  with  the  same  output  (assuming  four  pet  cent 
losses  in  the  converter)  is  as  follows  for  machines  of 
the  different  number  of  phases: — 

Direct-current    generator  =  i.ooo 

Single-phase  converter  =  1.475 

Two-phase  converter  =  0.385 

Three-phase  converter  :z=  0.585 

Six-phase  converter  =z  0.275 

From  the  above  comparison,  it  is  evident  that,  ex- 
cept in  the  case  of  the  single-phase  converter,  the  arm- 
ature heating  will  never  be  the  limiting  feature  when 
changing  a  direct-current  machine  to  a  converter.  On 
account  of  the  numerous  single-phase  lighting  systems, 
the  single-phase  converter  is  often  desired,  and  in  this 
case  the  heating  limit  is  an  important  feature. 

COMMUTATING   POLE   FLUX 

The  commutating-pole  ampere-turns  on  a  commu- 
tating-pole  direct-current  machine  serve  two  pur- 
poses :— they  must  be  suflicient  to  buck  down  the  arm- 
ature magnetomotive  force  between  poles;  and  they 
must  further  be  strong  enough  to  force  enough  flux 
across  the  commutating-pole  air-gap  to  generate  suffi- 
cient e.m.f.  in  the  short-circuited  coils  undergoing  com- 
mutation to  counterbalance  the  reactance  voltage  gen- 
erated in  the  coil  due  to  the  reversal  of  the  armature 
current  in  this  coil.      In  a  converter,  the  commutatin"' 


conditions  are  practically  the  same  as  those  in  a  direct- 
current  machine,  except  that  the  component  of  the  am- 
pere-turns on  the  commutating-pole  field  required  to 
buck  down  the  armature  ampere-turns  is  less.  Thih'  is 
due  to  the  fact  that  the  alternating  and  direct-currents 
in  a  converter  tend  to  flow  in  opposite  directions  in  the 
windings,  and  the  resultant  armature  m.m.f.  is  the  dif- 
ference in  the  direct  and  alternating-current  m.in.f's, 
which  tend  to  be  produced.  Therefore,  the  strength  of 
the  commutating-pole  field  on  the  direct-current  ma- 
chine which  is  to  be  changed  to  a  converter  will  be  too, 
strong,  and  the  flux  density  in  the  commutating-pole 
air-gap  will  be  too  high.  Thus,  it  will  be  necessary  to 
increase  the  commutating-pole  air-gap  so  as  to  use  the 
excess  ampere-turns  on  the  commutating-pole  in  forcing 
the  flux  across  the  longer  air-gap  keeping  the  saine 
density  in  the  air-gap  at  a  given  load  as  before.  The 
proper  air-gap  can  best  be  determined  from  test.  It  is, 
of  course,  possible  to  shunt  part  of  the  current  from 
the  commutating-pole  winding  instead  of  increasing  the 
air-gap,  but  the  latter  is  usually  preferable.  In  the  case 
of  a  non-cotnmutating-pole  direct-current  machine,  no 
change  will  be  necessary,  and  since  the  resultant  m.m.f. 
between  poles,  and  hence  the  distortion  of  the  main  field,^ 
will  be  less  when  changed  to  a  converter,  the  commu- 
tating  characteristics  should  be  even  better. 

DAMPER  WINDINGS 

A  synchronous  converter  is  usually  equipped  with  a 
damper  winding,  and  started  from  the  alternating-cur- 
rent side,  as  an  induction  motor,  by  the  application  of 
reduced  voltage,  and  then  connected  to  full  voltage, 
when  up  to  speed.  A  direct-current  machine  is  not 
equipped  with  a  damper  winding,  and  hence  wlien 
changed  to  a  converter,  it  could  not  be  started  from  the 
alternating-current  side  unless  such  a  winding  is  added. 
It  would  be  necessary  to  start  the  machine  from  the  di- 
rect-current side,  or  by  some  external  means  such  as  a 
starting  motor.  In  either  of  the  two  methods  it  would 
be  necessary  to  synchronize  the  converter  before  con- 
necting it  to  the  alternating-current  circuit.  However, 
even  if  the  machine  can  be  started  from  the  direct-cur- 
rent side  or  by  some  external  means,  it  should  lie  pro- 
vided with  damper  windings  so  as  to  prevent  or  reduce 
to  a  minitnum  the  liability  of  the  machine  to  hunt.  If 
the  converter  is  to  carry  a  steady  or  slowly  varying  load 
it  will  probably  operate  satisfactorily  without  damper 
windings,  but  if  it  supplies  a  fluctuating  load  or  is  con- 
nected to  a  system  on  which  the  voltage  is  not  stea^I)',  it 
may  hunt  badly  or  even  fall  out  of  step. 

On  account  of  the  difficulty  and  expense,  i"  is 
usually  almost  out  of  the.  question  to  consider  making 
the  necessary  changes  to  equip  a  direct-current  ma- 
chine with  damper  windings.  On  some  of  the  later 
types  of  direct-current  machines  which  are  equipped 
with  compensating  windings  in  the  pole  faces  it  might 
be  possible  to  short-circuit  this  winding  and  have  it 
serve  as  a  damper  winding.  On  account  of  its  lov/  re- 
sistance the  damping  action  should  be  good,  although  it 
might  not  be  satisfactory  for  stai'ting  purposes. 
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SUMMARY 

The  following  conditions  are  necessary  before  a 
direct-current  machine  can  be  changed  to  a  synchron- 
ous-converter by  the  addition  of  slip  rings. 

a — If  it  has  a  multiple  wound  armature,  the  num- 
ber of  coils  and  hence  the  number  of  commutator  bars 
per  pair  of  poles  must  be  a  multiple  of  the  number  of 
collector  rings.  If  it  is  a  series  wound  armature  only 
the  total  number  of  coils  and  hence  the  total  number  of 
commutator  bars  need  be  a  multiple  of  the  number  of 
collector  rings.  An  undesirable  alternative  is  possible 
when  the  number  of  conductors  per  pair  of  poles  for 
multiple  windings,  or  the  total  number  of  conductors  for 
series  windings,  is  a  multiple  of  the  number  of  collector 
rings. 

b — The  speed  of  the  machine  should  be  reasonably 
close  to  its  synchronous  speed  as  a  converter.     Opera- 


tion much  above  normal  speed  is  unsafe  If  operated 
below  normal  speed,  the  capacity  is  reduced  in  propor- 
tion to  the  speed  reduction. 

.  c — The  rated  voltage  of  the  machine  should  be 
reasonably  close  to  the  desired  direct-current  voltage  of 
the  converter,  or  to  an  even  multiple  thereof.  In  the 
latter  case,  the  armature  must  be  rewound,  or  recon- 
nected. It  is  impracticable  to  raise  the  voltage  per  C(;m- 
mutator  bar. 

d — If  changed  to  a  single-phase  converter,  the  al- 
lowable armature  current  is  reduced. 

e — The  commutating  pole  excitation  must  be  re- 
duced. 

/ — A  damper  winding  is  desirable  to  minimize 
hunting,  and  is  essential  for  starting  from  the  alternat- 
ing-current side,  but  is  difficult  to  install. 


OL'R  subscribers  are  invited  to  use  this  department  ns  a  means  of  securinf;  A    PERSONAL  renly  is  mailed  to  each  questioner  enclosint;  a  sramiKd,  sell 

aullientic  information  on  electrical  and  mechanical  subjects.    The  topics  "■  addressed  cn\elopc  a 


should  be  of  t;cncral  interest;  information  involvini;  the  specific  desifn  of 
indiv  idual  pieces  of  appar.itus  is  not  supplied.  Care  should  be  used  to 
include  all  data  necessary  for  an  intelligent  answer. 


as  soon  as  the  necessary  information  can  be  obt.iineif. 
Anonymous  questions  cannot  be  considered.  As  each  tiucstion  is  answered 
by  an  expert  on  the  subject  involved,  and  checked  by  at  least  two  others, 
a  reasonanle  length  of  time  should  be  allowed  before  expecting  an  answer. 


1658 — Induction  Motor  Windings — I 
have  noticed  a  number  of  motors  re- 
cently with  an  insulated  ring  around 
all  the  coils  on  the  opposite  side  from 
the  end  connections.  Will  you  ex- 
plain what  it  is  there  for?  (a)  Is  it 
to  prevent  the  coils  from  spreading 
outward  or  from  being  drawn  in- 
ward? (b)  Is  it  very  necessary? 
(c)  If  so,  why  is  it  not  necessary  to 
have  them  on  both  sides? 

c.E.A.   (mass.) 

(a)  It  is  to  prevent  mechanical  move- 
ment in  the  coils  when  there  are  large 
currents  flowing,  as  for  example  in 
starting  up  from  rest,  (b)  It  is  found 
to  increase  the  life  of  the  coils  very 
considerably.  (c)  On  the  connected 
end  the  cross  connections  themselves 
form  somewhat  of  a  brace  and  the 
supporting  ring  is  sometimes  omitted  on 
that  end.  In  other  cases  where  the  coil 
throw  is  long  or  the  coil  is  not  me- 
chanically rigid  the  supporting  rings  are 
placed  on  both  ends.  a.m.d. 

1659 — Compensator  Oil — I  would  like 
to  know  what  is  the  best  grade  of  oil 
used  in  220  volt  compensators  and 
where  it  can  be  obtained.  I  have  had 
some  trouble  with  contacts  burning 
off  and  think  this  is  due  to  poor  grade 
of  oil  or  a  change  of  oil  being  neces- 
sary. How  often  should  oil  be 
changed?  These  starters  range  from 
ID  to  .so  hp. 

G.c.H.  (ill.) 
The  best  oil  for  use  in  starters  for 
squirrel  cage  motors  is  a  mineral  oil 
with  a  high  flash  and  fire  point  and  an 
oil  which  is  free  from  any  trace  of  acid 
or  alkali.  A  low  factor  of  evaporation 
is  desirable  and  the  oil  should  give  little 
deposit  under  operating  conditions.  The 
Westinghouse  Company  recommends 
"HF"  oil  for  use  with  autostarters.  This 
oil  meets  the  retiuirements  outlined 
above.     It   is   unlikely   that   the   burning 


of  the  contacts  is  due  to  the  oil  used 
unless  the  oil  is  allowed  to  fill  up  with 
a  large  amount  of  sediment.  Burning 
of  the  contacts  is  more  often  due  to 
severe  operating  conditions,  abuse  of 
the  starter,  misapplications  and  is  also 
affected  materially  by  the  design  of  the 
contacts  and  the  contact  action.  A  cer- 
tain amount  of  burning  or  pitting  of  the 
contacts  is  unavoidable  even  under  the 
best  conditions.  As  a  general  rule  the 
oils  should  be  changed  when  sediment 
begins  to  collect  on  the  tank  bottom  and 
the  oil  turns  dark  in  color.  R.E.c. 

1660— Fan- Motor  Winding— Fig.  (a) 
shows  a  six-pole  direct-current  ma- 
chine with  an  uneven  number  of  com- 
mutator segments  and  slots.  The 
machine  is  a  large  fan  motor  and  as 
I  have  been  unable  to  find  a  suitable 
winding  I  would  be  very  glad  if  you 
could  indicate  to  me  the  correct  type 
of  winding  to  employ.        e.t.a.  (can.) 

This  motor  should  be  wound  with  a 
two-circuit     winding,     the     coils     being 


FIG.    1641(a) 

placed   in   slots   i   and  5.     The  ends  of 
the   coils   should   be   connected   to  com- 


mutator bars  I  and  10.  Fig.  (a)  shows 
four  coils  and  gives  the  relative  number- 
ing of  the  slots  and  bars.  With  the 
two-circuit  winding  shown  cither  2,  4, 
6  or  8  brushes  can  be  used  providing 
they  have  sufficient  capacity  for  the 
rating.  These  brushes  must  of  course 
be  placed  45  degrees  apart. 

G.H.G. 

1661 — Choke  Coil — In  general  what  de- 
termines the  voltage  rating  of  a  choke 
coil  and  what  would  be  the  effect  of_ 
using  a  choke  coil  of  a  higher  voltage 
than  the  Hue  voltage.  For  example, 
given  a  O600  volt  ungrounded  60  cycle 
circuit,  what  would  be  the  proper  volt- 
age rating  of  a  choke  coil  for  use 
with  a  lightning  arrester,  and  what 
would  be  the  result  of  using  a  choke 
coil  whose  voltage  rating  is  25  000 
volts?  W.c.A.  (mo.) 

The  voltage  rating  of  a  choke  coil 
used  for  lightning  protection  ordinarily 
has  no  reference  to  the  coil  itself,  but 
depends  only  on  the  insulators  by  which 
it  is  supported.  Examination  of  the 
catalo.gs  of  the  manufacturers  of  such 
coils  will  show  that  the  same  coil  is 
used  over  a  wide  range  of  voltages,  but 
supported  by  different  insulators.  Sev- 
eral different  sizes  of  coils  are  on  the 
market,  it  is  true,  but  the  smaller  ones 
are  of  little  value  from  a  protective 
standpoint.  The  larger  coils  listed  are 
not  too  large  for  any  commercial  appli- 
cation from  a  protective  standpoint,  but 
from  a  commercial  standpoint,  they  are 
often  considered  too  expensive  an  in- 
vestment for  the  smaller  circuits.  The 
use  of  smaller  coils  on  these  circuits 
can  sometimes  be  justified  from  an  en- 
gineering standpoint  by  the  fact  that 
these  circuits  are  less  exposed  to  severe 
lightning  disturbances,  but  where  they 
are  used  on  large  systems,  or  to  protect 
expensive  apparatus  it  is  a  short-sighted 
form  of  ecnnoniv.        Where  extra  large 
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or  double  coils,  are  listed  for  high-voll- 
age  circuits,  it  is  because  the  value  oC 
the  apparatus  to  be  protected  practically 
ahvays  warrants  the  larger  investmeut 
in  choke  coils.  The  use,  therefore,  of 
a  large  or  high-voltage  choke  coil  oil  a 
small,  or  low-voltage  circuit,  will  give 
good  protection,  and  be  advisable  from 
every  standpoint,  except  that  of  cost. 
Of  course  the  use  of  unnecessarily  large 
insulators  can  do  no  harm.  q.a.b. 

i(352_KuMi!ER   OF    RoTOR   B.\RS — Please 
define  the  relations  between  the  num- 
ber of  rotor  bars  used  in  an  induction 
motor  and  the  frequency  of  the  alter- 
nating-current supply.         G.L.H.    (ill.) 
There  is  no  relation.     The  number  of 
rotor  slots  follows  from  the  number  of 
stator  slots  which  are  determined  by  the 
number  of  poles  and  the  voltage  of  the 
motor.  B.B.R. 

1663 — Tr,\nsformer     Connections  —  In 
the   case   of   a   bank   of   three   single- 
phase    transformers    connected    as    in 
Fig.  (a),  delta-star,  the  primary  being 
lettered    as    shown,    what    would    the 
secondao'  lettering  be  ?     How  is  this 
relationship  determined?     Also  in  the 
reverse  case,  star-delta?      S.e.h.  (pa.) 
The  leads  of  each  single-phase  trans- 
former have  their  own  standard  mark- 
ings but  there  are  no  standard  methods 
of   marking  the  connections   of  a  bank 
of  single-phase  transformers  to  a  three- 
phase     line.      According    to    the    latest 
rules     of     the     N.E.L.A.     and     Electric 
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FIG.  1663(a)  FIG.  1663(b) 

Power  Club,  the  leads  of  each  single 
phase  transformer  w-ould  be  marked  as 
shown  in  Fig.  (b).  The  markings  are 
so  applied  that,  if  voltage  is  applied  to 
Hi  and  H2,  with  Hz  and  X2  connected 
together,  the  voltage  betw^een  Hi  and 
Xl  will  be  less  than  that  between  Hi 
and  H2.  vv.  m.  m. 

1664 — Single-Phase  Rotary  Converter 
— Please  state  the  amount  (in  pro- 
portion) of  ampere-turns  used  on  the 
armature  and  shunt  field  of  a  single- 
phase  rotary  converter  as  compared 
with  a  direct-current  shunt  motor  of 
same  capacity.  g.l.h.  (ill.) 

The  ratio  of  the  shunt  field  to  the 
direct-current  armature  ampere-turns  on 
small  machines  ordinarily  used  as  single- 
phase  converters  ranges  from  about 
I  to  1.5.  On  a  corresponding  direct- 
current  machine,  this  ratio  would  be 
about  I.  Generally  speaking,  the  ratio 
of  the  field  ampere-turns  to  the  direct- 
current  armature  ampere-turns  on  a 
single-phase  converter  is  about  25  per- 
cent higher  than  the  same  ratio  on 
a  corresponding  direct-current  shunt 
motor.  However,  this  is  merely  a 
matter  of  convenience  in  design,  and 
the  ratio  could  be  varied  over  a  wide 
■■^nge.  M.w.s. 

1665— Magneto  Voltage— What  is  the 
approximate  voltage  of  a  50000  ohm 
magneto?  s.e.h.    (pa.) 

The  voltage  of  the  magneto  will  ob- 
viously depend  on  both  the  crank  speed 
and  resistance  of  the  load.  It  will  also 
depend  upon  the  make.  One  particular 
type    rated    as    a    50000    ohm    magneto. 


develops    from    175    to   200   volts   when 
connected  to  a  resistance  of  50000  ohms. 

G.  J. 

1666—- Potential  Transformer  Fuse — ■ 
We  have  a  60  cycle,  0.2  k.v.a.,  6600-110 
volt  potential  transformer  in  use  on 
an  indicating  wattmeter  which  reads 
up  to  700  kw.  What  capacity  fuse 
should  be  used  with  this  transformer? 
W.C.A.   (mo.) 

The  use  of  fuses  on  the  high-voltage 
side  of  instrument  voltage  transformers 
is  not  primarily  to  protect  the  trans- 
former but  to  protect  the  power  system 
from  any  disturbance  which  might  start 
in  the  transformer.  With  refercnfce  to 
the  6600  volt  transformer,  the  high-volt- 
age winding  is  in  all  probability  smaller 
in  carrying  capacity  than  any  commercial 
6C00  volt  fuse,  so  that  in  case  of  any 
trouble  the  winding  will  be  burnt  out 
by  the  time  the  fuse  opens.  The  fuses, 
however,  keep  the  disturbance  from  be- 
ing communicated  to  the  pow-er  busses, 
thereby  averting  a  short-circuit  on  the 
power  system.  With  a  rating  of  200 
volt-amperes,  the  full-load  current  on 
the  6600  volt  side,  even  when  consider- 
ing the  addition  of  the  exciting  current 
of  the  transformer  is  not  over  0.05  or 
0.06  amperes,  therefore,  the  smallest 
capacity  fuse  available  for  a  6600  volt 
circuit  will  be  suitable.  If  desirable, 
fuses  may  be  placed  in  the  low-voltage 
circuit  from  the  transformer  to  protect 
it  from  short-circuits  originating  in 
crossed  leads,  etc.,  and  since  the  current 
rating  of  the  low-voltage  winding  is  two 
amperes,  a  three-ampere,  no  volt  fuse 
should  be  sufficient.  The  amount  of 
power  measured  by  the  wattmeter  with 
which  the  voltmeter  is  connected  has  no 
bearing  on  the  question  of  application  of 
fuses.  See  also  article  on  "Protective 
Resistors  for  Instrument  Transformer 
Fuses''  in  the  Journal  for  May,  1918, 
p.   iSo.  W.E.D. 

1667 — Induction  Motor  Winding — I  am 
lacing  in  several  stator  coils  having 
two  parallel  No.  14  wires.  I  am  hav- 
ing trouble  getting  them  all  in  and  I 
am  wondering  if  I  could  not  combine 
the  cross-sectional  area  and  use  one 
No.  n  wire  w'ith  the  same  number  of 
turns.  By  doing  this  I  save  consider- 
able room,  and  I  would  ask  whether 
this  procedure  would  affect  the  char- 
acteristics of  the  motor.  If  it  does 
not  with  a  few  coils,  would  it  make 
a  difference  to  rewind  the  whole  motor 
the  same  way?  i.j.t.   (pa.) 

The  No.  II  wire  can  be  used  instead 
of  the  two  No.  14  wires  in  parallel, 
either  for  a  few  coils  or  for  the  whole 
winding,  without  altering  the  character- 
istics of  the  motor.  In  rewinding  the 
complete  motor  it  is  easier  to  thread  the 
coils  through  the  slot  opening  after  mak- 
ing up  the  coils,  rather  than  use  a  long 
wire  for  each  coil  and  lace  the  winding 
in  from  the  end  of  the  core.  The  No. 
II  wire,  however,  may  be  too  large  to 
go  through  the  slot  opening  and  as  the 
question  of  room  docs  not  come  in,  in 
threading  in,  it  is  better  to  use  the  two 
No.  14  wires  in  parallel,  in  rewinding 
the  complete  motor.  b.b.r. 

166S — Fan  Motor  Windings — I  have  a 
100  volt,  100  cycle  fan  motor  for  eight 
poles  arranged  as  shown  in  Fig.  (a) 
with  eight  coils  connected  in  series 
as  shown  in  Fig.  (b),  wound  with  No. 
24  B.  and  S.  copper  wire  with  175 
turns  per  coil.     Each  pole  has  a  start- 


ing coil  wound  with  bare  copper  wire 
No.  18  B.  and  S.  with  12  turns  each, 
and  in  short-circuit.  It  gives  only 
650  r.p.m.  when  connected  to  a  SO 
cycle  supply.  Could  you  please  tell 
me  how  can  I  rewind  it  so  as  to  use 
it  on  a  50  cycle  supply? 

■  A.A.    (MEXICO) 

This  motor  can  be  reconnected  for  50 
cycles  by  reversing  the  polarity  of  al- 
ternate pairs  of  poles  as  shown  in  Fig. 
(b).  It  is  presumable  that  the  starting 
torque  will  be  poor  with  this  arrange- 
ment. It  will  probably  be  improved  by 
removing  the  starting  (or  shading)  coil 
from  every  other  pole  as  shown  in  Fig. 
(b).     If   the   starting  torque  is  still   so 


FIG.  1668(a),   (b)   and   (c> 

low  that  the  fan  needs  to  be  started  by- 
hand,  the  torque  will  be  still  further- 
improved  by  removing  the  starting; 
coils  completely  from  all  the  poles  and 
winding  new  starting  coils  entirely 
around  every  other  pole  as  shown  in 
Fig.   (c).  c.R.R. 

i66g — Transformers  of  Unequal  Ratio 
IN  Parallel— All  other  relations  be- 
ing correct,  what  would  be  the  result 
paralleling  the  secondaries  of  two 
banks  (of  three  each)  single-phase 
transformers  connected  delta  primary 
and  star  secondary  with  grounded 
neutral,  there  being  a  secondary  volt- 
age difference  of  loo  volts?  Both 
banks  are  fed  from  a  common  13  200 
volt,  60  cycle  bus  in  this  manner.  No. 
I  bank,  6600  kw,  66000/4000  volts  be- 
ing fed  from  a  13  200  volt  bus  by  way 
of  step  up  transformers  and  a  66000 
volt  transmission  line  about  8  miles 
long.  No.  2  bank,  600  kw,  13  200/3900 
volts  being  directly  fed  from  a  13  200 
volt  bus  over  a  line  about  8  miles  long. 
S.e.h.  (pa.) 

A  definite  answer  to  this  question 
would  require  a  knowledge  of  the  char- 
acteristics of  the  lines  and  transformers 
connected.  In  general,  the  100  volts 
difference  of  potential  would  tend  to 
cause  a  circulating  current  through  the 
local  circuit  composed  of  the  two  groups 
of  transformers,  two  lines,  step  up 
transformers  and  bus-bars.  It  seems 
probable  that  the  impedance  of  this 
local  circuit  would  be  sufiicient  to  pre- 
vent a  large  enough  current  to  harm  the- 
transformer.  The  magnitude  of  the  cir- 
culating current  and  its   phase   relation 
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to  llie  load  ciirrt-nt  woukl  be  dctcnnincd 
by  the  characteristics  of  the  local  circuit 
and  it  might  add  to  the  load  current  in 
such  a  way  that  the  load  on  the  6600 
k.v.a.  bank  would  not  be  much,  if  any, 
diminished  by  connecting  the  600  k.v.a. 
bank  in  parallel  with  it.  j.u.G. 

1670 — Enamel  Insulation — Has  enamel 
ever    been    used    for    insulating    the 
ribbon  wound    (edgewise)    conductors 
used  so  extensively  on  the  larger  syn- 
chronous   motor    fields    now    on    the 
market?     We    have    a    ten    pole,    625 
k.v.a.     synchronous     condenser     with 
ribbon  wound  field  coils  on  which  the 
field     insulation     has     about     broken 
down    by    overheating,    and    we    have 
been  considering  trying  to  enamel  the 
conductor,  but  would  like  your  advice 
as  to  whether  it  is  practical.     The  ex- 
citer    voltage     is     125     volts.     Kindly 
state  what  the  specific  gjravity  of  the 
enamel    should   be    to    give   the    right 
coating,    and   how   long   it    should    be 
baked.     Also  the  best  way  to  remove 
the  present  insulation.       F.w.   (tenn.) 
If  your  question  refers  to  the  type  of 
enamel  used  in  making  enamel  wire  we 
do   not   feel   it   would   be   advisable    for 
you  to  attempt  to  enamel  ribbon-wound 
field  coils.     If  however,  you  refer  to  a 
material  such  as  black  asphaltum  enamel 
this    would    be   a    comparatively    simple 
matter   to   apply,   although   of   question- 
able  value    for   your   application,    as    it 
will  become  brittle  due  to  the  heat  and 
will   flake  off.     It   should  be  applied  by 
dipping,    if     possible,    using    a    specific 
gravity  of  about  0.850  at  25  degrees  C. 
and  baking  at  100  to  no  degrees  C.  for 
eight   to   ten   hours   or   until   hard.     To 
remove  the  present  insulation,  immerse 
in   a   half   and  half   mixture   of   benzol 
and  alcohol,  or  alcohol  itself  will  do  if 
the  benzol  is  not  available,  but  it  will  act 
more  slowly.  w.f.e, 

1671 — Generator  Discharge  Resistance 
• — How  can  I  figure  the  discharge  re- 
sistance of  a  generator  field? 

P.J.  (OHio) 
Assuming  that  the  induction  effect  of 
a  generator  field  tends  to  maintain  the 
current  flow  in  the  discharge  resistor 
at  the  same  value  as  at  the  instant  be- 
fore the  switch  was  opened  the  prob- 
lem is  to  design  the  resistor  of  such 
ohmic  value  that  the  voltage  drop  due 
to  that  current  is  kept  at  a  safe  value. 
This  depends  on  the  design  of  the  field. 
Probably  half  of  the  standard  test  volt- 
age would  be  safe.  Thus  for  a  250  volt 
field  tested  at  1500  volts  the  drop 
through  the  discharge  resistance  should 
not  exceed  750  volts.  For  a  600  volt 
field  tested  at  2500  volts  a  1200  volt 
drop  would  be  allowable.  For  fields  of 
ordinary  design  it  can  be  shown  that 
the  energy  of  discharge  is  small  com- 
pared with  the  energy  drawn  from  the 
line  through  the  discharge  resistor  at 
the  instant  before  the  field  is  opened, 
and  the  capacity  of  the  discharge  re- 
sistor is  therefore  made  sufficient  to  ab- 
sorb energy  from  the  line  for  several 
seconds,  to  provide  for  cases  where  the 
switch  might  be  opened  very  slowly. 

H.C.N. 

1672— Testing  Armature  Windings — 
Can  you  give  me  a  method  of  locating 
grounded,  short-circuited,  or  open 
coils  in  wave,  or  two  circuit  armature 
windings?  Is  there  a  way  of  doing 
this  with  any  degree  of  accuracy  with 
a  buzzer  and  telephone  receiver?  Can 


either  of  these  defects,  or  coil  ends, 
he  located  without  unsoldering  the 
leads  from  the  commutator?  What 
would  be  about  the  lowest  safe  limit 
for  insulation  resistance  in  ohms,  of 
220  volt  crane  armatures? 

F.W.E.    (I'A.) 

A  very  simple  method  of  testing  for 
a  ground  is  by  a  lighting-out  line.  If  u 
is  a  dead  ground  that  cannot  be  located 
on  the  surface  of  the  armature,  it  may 
be  necessary  to  take  up  all  leads  out  of 
the  commutator  neck  to  locate  which 
coil  is  grounded.  In  testing  for  a  short- 
circuited  or  an  open  coil,  a  telephone 
outfit,  as  shown  in  Fig.  (a)  gives  very 
good  results.  Terminals  A  from  the 
buzzer  and  battery  circuit  are  spaced  to 
span  two  adjacent  commutator  bars  and 
terminals  B  from  telephone  receiver  are 
mounted  directly  above  terminals  A  so 
that  when  terminals  A  are  pressed  on 
the  commutator  bars,  terminals  B  make 
contact  with  terminals  A.  A  loud 
sound  in  the  receiver  indicates  an  open 
circuit.      No    sound    indicates    a    short- 
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FIG.    1672(a) 

circuit.  A  medium  sound  indicates 
that  the  coil  is  O.  K.  It  is  not  necessary 
to  unsolder  the  leads  at  the  commutator 
until  vou  have  located  the  defective  coils 
by  test.  Then  look  for  the  trouble  in 
the  coils  soldered  to  the  commutator 
bars  under  test  and  also  on  the  two  bars 
diametrically  opposite.  (180  degrees 
around  surface  of  commutator).  For 
220  volt  armatures,  it  is  advisable  to 
keep  the  insulation  resistance  to  ground 
at  a  value  of  50000  ohms  or  above. 

J.S.D. 

i573_Aftcr  an  induction  motor  has  been 
re-connected  from  3000  volts  to  400 
volts  by  changing  from  single  Y-con- 
nection  to  4-parallel  delta  is  the 
horse-power  of  the  motor  materially 
increased  due  to  the  excess  of  active 
iron?  And  has'e  the  efficiency,  power- 
factor,  and  other  characteristics  been 
changed  and  in  what  measure? 

A.u.    (mex.) 

According  to  a  table  published  in  the 
TouRNAL  for  Feb.  1916,  p.  88,  changing 
an  induction  motor  winding  from  series 
star  three  phase  to  four  parallel  delta 
three  phase  changes  the  voltage  of  the 
motor  to  15  percent  of  the  original  volt- 
age, so  that  this  change  would  make  a 
3000  volt  motor  suitable  for  450  volts. 
When  operated  on  400  volts  it  would  be 
approximately  ten  percent  below  nor- 
mal. The  characteristics  of  a  typical 
induction  motor  on  ten  percent  below 
normal  voltage  are  given  in  an  article 
bv  Mr.  L.  W.  Smith  in  the  Journal  for 
March  1017,  P-  105.  According  to  the 
curves  given  in  Fig.  i  of  this  article  a 
motor  operating  on  go  percent  normal 
voltage  will  have  80  percent  normal 
starting  torque  and  pull-out  torque,  05 
percent  normal  core  loss,  88  percent 
normal  magnetizing  current  and  some- 
thing over  115  percent  normal  copper 
loss  and  percent  slip.  These  figures  are 
only  typical  and  the  exact  figures  are 
dependent  entirely  on  how  liberally  the 
motor  is  designed.  c.R.R. 


1674 — Apparatus  for  Testing  Alter- 
nating-Current Motors — What  ap- 
paratus can  be  used  in  making  a  run- 
ning test  of  three-phase  alternating- 
current  motors,  varying  in  horse- 
power from  one  to  100,  also  differing 
in  voltage  from  no  to  440,  that  would 
be  feasible  and  economical?  I  am 
using  a  small  generator  set  with  a 
transformer  but  find  it  -not  practical 
in  starting  a  motor  over  25  horse- 
power. J.R.s.   (conn.) 

If  three-phase  power  of  the  desired 
frequency  is  obtainable  in  sufficient 
quantities  that  the  switching  on  of 
motors  is  not  objectionable,  the  most 
economical  testing  equipment  is  a  three- 
phase  transformer,  suitably  wound  and 
connected  to  a  switchboard,  so  that 
changes  from  440  volts  to  the  lower  de- 
sired voltages  may  be  quickly  made. 
Should  a  three-phase  or  three  single- 
phase  transformers  not  be  available  and 
only  approximate  no-load  losses  be  de- 
sired, two  single-phase  transformers 
connected  in  open  delta  should  prove 
satisfactory.  For  "runing  light"  read- 
ings, transformers  totalling  50  k.  v.  a. 
should  be  sufficient  for  100  horse-power 
motors.  The  smaller  sizes  may  be 
started  on  full  voltage  and  the  larger 
sizes  on  half  voltage.  Should  only  di- 
rect-current be  available,  a  50  kw 
motor-generator  set  with  a  suitable 
transformer  should  be  sufficient,  pro- 
viding the  motor  will  stand  a  heavy 
momentary  over-load,  while  the  motor 
on  test  is  being  started.  Lowering 
the  frequency  as  much  as  possible  while 
pulling  in  the  alternating-current  motor 
will  allow  a  much  larger  machine  to 
be  started  with  the  same  equipment. 
Should  full-load  running  tests  be  de- 
sired, the  capacity  of  the  above  equip- 
ment should  be  doubled.  e.m.mcc. 

1675 — Adjustaple  Speed  Motor  —  At 
what  point  is  a  variable  speed,  220 
volt,  direct-current  motor  the  more 
efficient,  at  a  predetermined  speed  for 
which  the  controller  is  set,  or  with 
the  motor  run  under  full  field  and  all 
armature  resistance  out  of  the  circuit? 
Is  the  horse-power  and  commutation 
or  both  impaired  with  an  increase  in 
speed?  D.F.z  (kans.) 

The  most  efficient  point  of  operation 
of  any  motor  is  reached  when  the  total 
variable  losses  equal  the  total  constant 
losses.  The  variable  losses  include  loss 
of  armature  winding;  commutating-pole 
field  coils,  series  field  coils  and  the  loss 
in  brush  contact.  The  constant  losses 
include  bearing  friction,  brush  friction, 
windage,  loss  in  shunt  field  and  rheostat, 
and  iron  loss.  In  adjustable  speed  ma- 
chines, the  low  speed  usually  has  higher 
eflSciencv  than  the  high  speed  point  of 
operation.  This  is  due  to  the  rapid  in- 
crease in  windage  and  the  brush  and 
bearing  friction  as  the  speed  is  in- 
creased. The  loss  in  the  shunt  field  and 
rheostat  is  less  at  high  speed  than  at 
low  speed,  but  this  gain  is  more  than 
offset  by  increase  in  the  other  losses 
mentioned.  The  horse-power  of  an  ad- 
justable-speed motor  should  be  un- 
changed throughout  the  speed  ran.ge. 
Commutation  troubles  may  be  expected 
to  increase  with  increase  of  speed. 

E.M.C. 

1676— Rail  Bonding — (a)  Please  inform 
me  why  in  street  railway  interurban 
service,  etc.,  they  bond  both  traffic 
rails  for  the  return  circuit?  (b) 
could   onlv   one   of   the   rails   be   used 
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lor  a  short  distance  o£  say  25  or  30 
Icct  for  the  return?     (c)  Can  a  relay 
be  made  that  will  not  have  over   100 
microhms  resistance  and  yet  not  close 
the  circuit  by  the  vibrations  and  shock 
of  a  car?     (d)  What  is  the  resistance 
of  the  average  mile  of  track  consider- 
ing both  rails?  R-E.m.    (mich.) 
(a)   Both  rails  should  be  bonded  for 
two    reasons: — a— It    reduces    resistance 
and  consequent  losses,     b— If  one  bond 
breaks,   the   return  path  is   not   entirely 
interrupted.      Tracks    are    cross-bonded 
frequently   at   approximately    i  000    feet 
spacing,     (b)   Yes.     The  bonds  must  Ix- 
of  proper  size,     (c)    Relays  for  use  on 
rolling    stock    should    not    be    delicate. 
They  are  reliable  only  when  their  mini- 
mum contact  pressure  can  be  measured 
in  ounces.     The  resistance  of  coils  has 
not  much  bearing  on   the  operation,   as 
it  is  the  ampere-turns  and  resultant  flux 
which    determine    the   contact    pressure, 
(d)    The  resistance  of  the  track  varies 
with  the  size  and  shape  of  rail,  size  of 
bonds   and    method   of    applying   bonds. 
We      recommend     consulting     Richey's 
"Electric    Railway    Handbook,"    p.    695, 
for  this  data.  a.h.c. 

1677—  Switching  Grounded  Circuit — 
Our  system  consists  of  star  wound 
generators  with  neutral  brought  out 
and  grounded  generating  three-phase, 
(X)  cycle,  6600  volt  current  and  con- 
nected through  delta-delta  trans- 
formers to  our  66  kv  lines,  which  are 
not  grounded.  I  have  noticed  several 
times  when  one  wire  of  one  of  these 
66  kv  lines  becomes  grounded,  when 
the  line  switch  is  opened,  there  will 
be  a  heavy  bump  like  a  short-circuit, 
as  the  switch  opens.     If  the  switch  is 


closed  again  the  ground  still  remains 
and  the  heavy  bump  may  or  may  not 
repeat  itself  when  the  switch  is  again 
opened.  I  believe  there  is  an  immense 
strain  set  up  when  opening  a  switch 
connecting  one  of  these  lines  which 
has  become  grounded,  as  a  short  time 
since  we  opened  a  line  switch  which 
tied  a  good  line  to  the  grounded  line 
and  when  the  switch  opened,  a  66  kv 
current  transformer  on  the  good  line 
broke  down  to  ground.  This  current 
transformer  must  have  been  on  the 
same  phase  as  the  grounded  wire  as 
the  two  lines  were  again  tied  together 
by  closing  the  same  switch  and  there 
was  no  short-circuit.  Will  you  ex- 
plain what  causes  this  heavy  bump? 
What  would  be  the  result  if  instead 
of  opening  the  66  kv  switch  the  6600 
volt  switch  on  the  transformers  was 
opened?  Would  there  be  danger  of 
the  strain  breaking  down  the  winding 
of  the  transformers?  Why  ii  not  this 
bump  heard  every  time  the  switch  is 
opened?  Is  it  because  of  the  point 
on  the  cycle  the  opening  takes  place? 
The  above  grounds  on  66  kv  lines 
were  caused  by  breaking  down  of  in- 
sulators and  I  am  unable  to  say  how 
good  a  ground  was  made.  However, 
the  aluminum  cell  arresters  spilled 
over  very  badly  on  the  system  at  the 
time.  I..A.F.   (mass.) 

It  is  probable  that  the  bump,  sound- 
ing like  a  short-circuit,  has  occurred 
when  the  circuit  breaker  opens,  not 
because  there  was  any  connection  be- 
tween the  opening  of  the  breaker  and 
this  hump,  but  because  the  latter  has 
been  the  result  of  an  actual  short-circuit 
occurring   at    the    time   of   opening   and 


started  by  an  arcing  ground  on  one  wire, 
either  by  the  arc  striking  over  to  another 
wire  of  the  circuit,  or  by  the  surge  or 
oscillation  of  potential  causing  a  break- 
down of  the  series  transformer.  Open- 
ing the  circuit  breaker  on  the  6600  volt 
side  instead  of  the  66000  volt  side  of 
the  transformer  would  not  change  the 
situation.  The  surges  and  oscillations 
on  the  circuit  which  cause  such  condi- 
tions can  be  practically  eliminated  by  the 
grounding  of  the  neutral  point  on  the 
high  tension  side.  In  case  of  delta- 
connected  transformers,  it  wojild  be 
necessary  to  establish  a  neutral  point 
by  using  star-connected  transformers. 
While  there  are  certain  disadvantages 
in  the  use  of  the  grounded  neutral,  these 
are  very  small  and  are  far  outweighed 
by  the  protection  afforded  against  os- 
cillating conditions  set  up  by  arcing 
grounds,  to  which  the  ungrounded 
system  is  liable.  A.w.C. 


CORRECTION 
The   diagram  Fig.   1650(a)    on   p.  430 
of  the  Journal  for  October  1918,  is  in- 
correct.    It  should  be  as   follows : 


Field   Dischar,;c  Rciistot 
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Protect  Not  Only  Your  Equipment 
But  Also  Your  Workers 


© 


Vou  liave  more  inexperienced  help  in  your  shops  now  than 
ever  before;  most  concerns  have  in  these  days  of  labor  scarcity. 
It  is,  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  only  those  "green"  men,  but  also  the  equipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 


Ignorance,  noi  oniy  inose     green     men,  uui  aiso  ine  equipuieui 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 

''Safety  Service''  Motor  Starting  Switch 

In  Steel  Box  Operated  from  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here  are  the  Reasons— Switch  is  entirely  enclosed  and 
operated  from  outside.  Box  cannot  be  opened  until 
switch  is  in  "  off  "  position. 

Here  is  the  Result — Workers  and  Equipment  are  Both 
Protected. 

Send  for  Our  Bulletin  describing  "Safety  Service"  Knife  S^vitcbes 
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Protection  of  Motor  Bearings  from  Dust 


Dust,  sand,  etc.,  when  mixed  with  oil,  have  a  grinding 
action  on  bearings,  wearing  away  the  bearing  linings  as  well 
as  the  shaft  or  axle.  As  a  result,  various  means  have  been 
taken  to  make  these  bearings  dust  proof  and  thus  extend  their 
life  in  service. 

OIL     BOXES 

It  is  necessary  to  keep  dirt,  water,  etc.,  out  of  the  oil  so 
that  it  will  not  be  drawn  into  the  bearing  surface  with  the  oil. 
This  is  done  by  having  a  tight  cover  over  the  oil  and  waste 
pockets,  held  in  place  by  a  spring.  This  cover  should  be  lined 
with  felt  and  should  have  a  deep  lip  to  prevent  wheel  wash, 
etc.,  from  splashing  in. 

ARMATURE   BEARINGS 

The  outer  end  of  the  commutator  end  armature  bearing  is 
ordinarily  protected  by  a  dust  cap  over  the  end  of  the  shaft. 
This  cap  is  made  of  sheet  steel  or  m.illeable  iron  and  is 
fastened  to  the  housing  or  the  bearing  by  bolts  or  screws, 
completely  enclosing  this  end  of  tlie  bearing.  This  dust  cap 
should  always  be  kept  in  place  as  the  position  of  the  bearing 
with  respect  to  the  wheel  flange  is  such  as  to  permit  the  dirt, 
sand  and  wheel  wash  from  the  wheel  flange  to  be  thrown 
directly  on  this  part  of  the  motor. 

The  outer  end  of  the  pinion  end  bearing  usually  extends 
into  the  gear  case  and  needs  no  further  protection.  The  gear 
case  fits  over  the  armature  bearing  or  an  extension  of  the 
housing  with  a  sufficiently  close  fit  to  keep  the  lubricant  in 
the  gear  case  and  tends  to  keep  dirt  out  of  the  bearing  at  this 
point.  There  is  very  little  possibility  of  dirt,  etc.,  getting  into 
the  armature  bearings  from  the  inside  of  the  motor  as  the 
oil  throwers  on  the  shaft  and  oil  catchers  on  the  housings,  act 
as  guards  and  give  ample  protection  against  the  entrance  of 
dirt. 

AXLE   BEARINGS,  PINION    END 

The  gear  case  acts  as  a  dust  protection  for  the  outer  end 
of  the  pinion  and  axle  bearing  in  much  the  same  manner  as 
for  the  armature  bearing,  as  the  usual  practice  is  for  the  gear 
case  to  fit  over  the  flange  of  the  bearing.  Until  recent  years, 
this  was  the  only  dust  protection  provided  for  the  axle  bear- 
ings, but  now  it  is  usual  practice  to  supply  axle  shields  enclos- 
ing the  axle  between  axle  bearings  and  axle  bearing  dust 
guards  to  protect  the  commutator  and  axle  bearing  flange  from 
dust. 

AXLE   BEARING   DUST    GUARD.   COMMUTATOR    END 

The  object  of  this  dust  guard  is  to  protect  the  bearing 
surface  of  the  axle  bearing  flange  where  it  bears  on  the  wheel 
hub  or  axle  collar.  This  takes  several  forms.  It  may  be  cast 
solid  with  the  frame  and  axle  cap;  it  may  be  made  part  of  the 
axle  collar  extending  out  over  the  axle  bearing  flange,  or  it 
may  be  bolted  to  the  axle  bearing  flange  and  extend  out  over 
the  axle  collar  flange  or  machined  wheel  hub.  This  last  is  the 
most  usual  form  and  generally  has  a  felt  liner  which  rubs  on 
the  axle  collar  flange  or  the  wheel  hub  to  provide  efficient 
protection  against  the  entrance  of  dirt  at  this  point.  It  is 
made  of  malleable  iron  or  pressed  steel. 

AXLE   SHIELDS,    OVER    AXLE    BETWEEN    BEARING  j 

Axle  shields  arc  of  a  number  of  types,  depending  on  size 
of  motor  and  shape  of  frame  at  the  axle.  A  simple  type  for 
small  motors  consists  of  a  cylindrical  sheet  steel  shield.    This 


is  split  longitudinally  to  allow  it  to  be  placed  over  axle  and 
extends  under  the  axle  caps  from  axle  bearing  to  axle  bear- 
ing, being  held  by  the  axle  caps.  It  is  usually  provided  with 
windows  for  inspection  of  axle  bearings  without  removal  of 
axle  caps  or  shield. 

Where  there  is  not  sufficient  clearance  between  the  frame 
and  axle  to  permit  use  of  a  cylindrical  shield,  a  semi-cylindrical 
shield  is  used.  This  fits  against  the  frame  and  is  held  by  the 
axle  caps  the  same  as  in  the  case  of  the  cylindrical  shield.  In 
order  to  afford  proper  protection,  this  shield  should  fit  against 
a  machined  surface  on  the  frame  and  there  should  be  a  ledge 
from  the  frame,  extending  out  over  the  joint. 

In  the  case  of  the  larger  motors,  this  method  of  holding 
the  axle  shield  is  not  satisfactory,  as  the  axle  caps  are  heavy 
and  when  installing  a  motor  on  the  truck,  it  would  be  very 
difficult  to  hold  the  shield  and  axle  cap  at  the  same  time  while 
tightening  bolts,  as  would  be  necessary  with  this  construction. 
Therefore  a  semicylindrical  shield  is  used,  held  in  place  by 
straps  bolted  to  the  frame  by  tap  bolts.     In  this  case  it  is  not 


FIG.    I — TYPICAL    RAILWAY    MOTOR    EQUIPPED    WITH     PROTECTIVE 
IMPROVEMENTS 

A — Dust-proof  oil  box  cover;  B — Commutator  end  arma- 
ture bearing  dust  caps  ;  C — Dust-proof  gear  case  ;  D — Com- 
mutator end  a.xle  bearing  dust  cap ;  and  E — Axle  shields. 

necessary  to  provide  windows,  as  it  is  a  very  simple  matter  to 
remove  the  axle  shield  to  inspect  the  axle  bearings. 

APPLICATION    OF    OLD   MOTORS 

Where  motors  are  in  service  which  are  not  equipped  with 
commutator  end  dust  guards  and  axle  shields,  it  is  usually 
possible  to  apply  these  parts  with  little  expense  and  consider- 
able resultant  saving.  The  application  of  dust  guards  v/ill 
depend  on  the  relative  diameters  of  axle  bearing  flange  and 
the  axle  collar  flange  or  wheel  hub,  and  on  whether  there  are 
parts  of  frame  or  axle  caps  extending  over  the  axle  bearing 
flange.  It  will  usually  be  possible  to  apply  an  axle  shield  of 
one  of  the  types  described  above  or  some  modification,  but  it 
may  be  difiicult  to  get  a  tight  fit  of  the  shield  against  an  un- 
finished frame  casting  and  the  protection  afforded  will  always 
depend  on  the  tightness  of  the  joints. 

SOME  RESULTS 

The  application  of  dust  guards  and  axle  shields,  where 
possible,  will  more  than  pay  for  itself  in  increased  life  of 
bearings.  There  have  been  reports  of  railway  companies  which 
have  increased  the  life  of  the  bearings  three  to  five  times  and 
it  will  nearly  always  be  possible  to  double  their  life  when 
efficient  dust  protection   is  provided. 
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The  Prior  to  die  cessation  of  hostUiiies  in 

Ulectrically-  Europe,  tliere  were  many  engineer- 
Operated  ing  developments  which,  while  tlieir 
Liberty  Mill  discussion  would  have  been  very  in- 
teresting to  Journal  readers,  did  not  for  obvious  rea- 
sons appear  in  these  pages.  The  reasons  are  now 
largely  disappearing,  and  it  is  planned  to  present  a  num- 
ber of  articles  on  such  subjects. 

In  the  present  issue  appears  an  article  b}'  Messrs. 
Menk  and  Hunt  describing  an  engineering  achievement 
of  no  mean  magnitude — the  design  and  construction  of 
the  no  inch  Liberty  Plate  Mill  by  the  Homestead 
works  of  the  Carnegie  Steel  Company,  in  tlie  extremely 
short  period  of  six  months,  in  order  to  get  into  produc- 
tion in  time  to  assist  the  Emergency  Fleet  Corporation. 
This  mill  was  built  b}'  men  who  were  already  engaged 
in  the  operation  of  an  immense  steel  plant  working  to 
capacity  on  rush  war  work.  Labor,  in  the  ordinaiy 
sense  of  the  word,  was  not  available  and  recourse  was 
made  to  various  mechanical  methods  which,  along  vvith 
volunteer  labor  by  officials,  clerks,  mechanics  and  other 
steel  mill  workers,  saved  the  day. 

In  addition  to  the  actual  mill  construction,  it  was 
necessary  to  remove  70  000  tons  of  steel  and  other  ma- 
terial from  the  site,  to  remove  40  miles  of  railroad  track, 
to  construct  a  five  foot  sewer,  1000  feet  long  at  a  depth 
of  18  feet,  to  build  an  addition  to  the  power  house  and 
install  additional  apparatus,  to  erect  a  transmission  line, 
including  a  icx)0  feet  span  across  the  Monongahela 
River.  The  steel  mill  buildings  themselves  were  erected 
in  49  days  and  numerous  other  records  were  made  in 
the  production  and  assembly  of  the  mill  machinery  by 
the  various  manufacturers,  who  were  already  loaded 
with  priority  work. 

This  is  the  first  plate  mill  of  the  Carnegie  Steel 
Company  to  be  ail-electrically  driven  and  its  satisfac- 
tor}'  'Operation  and  rate  of  output  will  doubtless  mean 
tliat  al]  future  installations  will  be  all-electric  likewise. 

A.  H.  McIntire 


rv.  ,  -,     ,.  For     many    vears,     but     particularly 
Distribution  ^,       j  '         r     r     ^    .      ■  ; 

_         ,  smce  the  advent  ot  suicon  steel  with 

Iransrormer  ■  1    i^r       .-,- 

o     c  Its  remarkable  ettect  on  transtormer 
rerrormance  , 

^1  ,     ...  pertormance.  the  extreme  importance 

Characteristics  ,  ,  •  ,  ,       ^  .  ,.      .,      . 

ot   using  highly   ethcient   distribution 

transformers  in  order  to  keep  down  operating  costs,  has 

been   fully  recognized  by  the   central   stations  of   this 

country-.     The  demand  for  high  efficiency  has  resulted 

naturally    from    three    conditions.     First — the    aver?ge 

size  of  the  distribution  transformers  installed  has  been 

small,  probably  averaging  not  over  7.5  k.v.a.  per  unit, 

considering   only   those   sizes   up   to   and   including   50 

k.v.a.  capacity.     Second— the   load    factor   has   usuaily 

been  poor,  so  that  under  average  operating  conditions 

the   equivalent   load   has   been   in    general    not   greater 


than  four  hours  full  load  per  day.  Thud — the  di- 
versity factor  of  the  load  supplied  has  usually  permitted 
the  installation  of  power  and  substation  transformers 
of  a  rating  possibly  less  than  one-third  or  one- fourth 
of  the  total  k.v.a.  rating  of  the  distribution  trans- 
formers connected  to  the  system. 

The  conditions  cited  above  for  the  distribution 
transformers  are  all  adverse  to  a  high  operating  effi- 
ciency as  compared  with  the  power  or  substation  units. 
Small  machines  are  inherently  less  efficient  than  large, 
while  the  combination  of  a  poor  load  factor  with  a 
large  number  of  units  installed  makes  the  comparison 
still  more  unfavorable.  The  demand,  therefore,  has 
been  for  a  distribution  transformer  with  an  efficiency 
comparable  with  that  of  its  larger  brother,  and  with  a 
ratio  of  losses  designed  to  give  the  best  operation  un- 
der conditions  of  a  poor  load  factor. 

The  fact  that  the  desired  result  has  been  achieved 
without  an  excessive  cost  per  k.v.a.  is  a  tribute  to  the 
splendid  engineering  embodied  in  the  design  ;^f  a 
modern  distribution  transformer.  Refinements  enter 
into  its  construction  that  are  not  given  as  much  weight 
when  larger  capacities  are  considered.  ^laterials  are 
worked  at  lower  densities;  the  shape  of  copper  and 
magnetic  circuits  closely  approximates  the  ideal  trans- 
former ;  the  magnetic  circuit  is  built  up  of  L  punch- 
ings;  and  the  expedient  of  increasing  the  area  of 
cross-section  of  the  magnetic  circuit  outside  the  coils 
is  made  use  of  with  the  result  that  a  remarkably  ef- 
ficient,  small  capacity  transformer  has  been  obtained. 

The  simple  fact  is,  however,  that  all  designs  are 
in  the  nature  of  a  compromise  or  balance  between  dif- 
ferent characteristics;  that  is  to  say,  there  are  always 
characteristics  in  mutual  conflict,  so  that  a  design  has 
been  likened  to  a  ball  of  putty,  which  when  squeezed 
at  one  place  immediately  changes  its  shape  at  some 
other  place.  The  iron  and  copper  losses  of  a  trans- 
former are  related  to  each  other  in  this  wav,  inas- 
much as,  while  they  can  be  varied  with  respect  to 
each  other  in  a  given  design,  their  product  is  approxi- 
mately constant,  so  that  it  is  impossible  to  decrease  one 
without  a  proportionate  increase  in  the  other. 

In  view  of  the  possible  variation  in  the  ratio 
of  the  iron  and  copper  losses  in  the  same  design,  an  in- 
teresting question  arises  as  to  the  best  ratio  of  these 
losses  under  the  operating  conditions  met  with  on  the 
average  distribution  system.  The  answer  to  this  ques- 
tion is  supplied  in  Air.  Reed's  article  in  this  issue  of 
tlie  JouRN.'\L,  in  which  he  shows  that  the  ratio  of  cop- 
per loss  to  iron  loss  should  not  exceed  a  figure  of  2.5 
to  3  for  the  lowest  operating  costs.  Superficiallv  a 
higher  ratio  of  copper  to  iron  would  appear  desirable 
on  account  of  the  poor  load  factor  encountered,  but 
this  conclusion  would  ignore  entirely  the  fixed  charges 
jr.  the  cost  of  supplying  power. 
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The  value  of  regulation  is  not  included  by  Mr. 
Reed  in  his  calculations.  It  is  important,  however,  to 
keep  in  mind  the  fact  which  Mr.  Reed  points  out, 
narhely,  that  poor  regulation  directly  affects  the  regis- 
tration of  energy  at  the  consumer's  meter.  Regula- 
tion, therefore,  should  properly  be  evaluated  at  the 
selling  price  rather  than  at  the  cost  of  the  electric  en- 
ergy', and  it  is  from  this  fact  that  its  importance 
arises.  Inasmuch  as  regulation  is  directly  related  to 
copper  loss,  its  inclusion  in  the  problem  would  have 
the  effect  of  still  further  reducing  the  ratio  of  copper 
to  iron  loss,  for  the  condition  of  lowest  operating  ex- 
pense. A.  C.  Farmer 


Periodic 

Meter 

Testing 


Could  some  modern  wizard,  through 
a  miracle  of  engineering,  produce  a 
steam  turbine  and  an  electric  genera- 
tor of  100  percent  efficiency,  he  would 
be  welcomed  with  open  arms  by  central  station  opera- 
tors. Yet  such  a  revolutionary  advance  in  the  art 
would  mean  less  to  the  industry  than  would  the  elimi- 
nation of  a  possible  one  percent  average  slowness  of  the 
watthour  meters  on  their  systems.  Though  cheap  and 
inconspicuous,  the  fountain  head  of  gross  income  is  not 
to  be  treated  slightingly. 

The  modern  induction  watthour  meter  is  a  remark- 
ably accurate  measuring  device  and,  without  attention, 
will  retain  its  accuracy  for  long  periods  of  time,  being 
but  little  surpassed  in  accuracy  by  a  jeweled  timepiece. 
Through  a  gradual  process  of  development  the  effects 
of  internal  friction,  creepage,  temperature  variations, 
voltage  and  frequency  fluctations,  power-factor  changes 
and  the  other  ills  to  which  meters  are  inherently  liable 
have  been  reduced  to  within  very  narrow  limits.  Yet 
even  an  expensive  watch  needs  periodic  cleaning  and 
adjusting,  and  a  watthour  meter  needs  it  no  less. 

During  the  war,  in  the  spirit  of  conservation,  this 
periodic  testing  and  inspection  has  been  cut  down  tc  a 
minimum  in  many  if  not  most  cities.  But  it  should  be 
renewed  as  promptly  as  conditions  permit,  for,  while 
certain  combinations  of  circumstances  will  cause  a 
meter  to  run  fast,  undoubtedly  the  great  majority  of  in- 
acurate  meters  are  slow  rather  than  fast. 

Thrift  and  economy  are  going  to  be  the  outstand- 
ing characteristics  of  the  reconstruction  period  follow- 
ing the  war — for  several  reasons.  One  of  these  is  that 
we  have  gotten  into  that  way  of  thinking  during  the 
war.  Another  reason  of  vital  importance  to  public 
utilities  is  that  operating  expenses  are  high,  and  coal 
and  new  apparatus  are  expensive.  The  central  stations 
must  continue  to  think  in  terms  of  thrift  and  economy. 
Systematic  meter  testing,  especially  after  a  period  of 
neglect,  is  di.stinctly  worth  while.  And  even  where  its 
expense  may  exceed  the  direct  financial  returns,  the  in- 
creased confidence  of  the  public  in  the  accuracy  of  their 
"bills  is  no  small  asset.  Contrary  to  the  facts,  there 
seems  to  be  a  general  feeling  on  the  part  of  the  public 
that  almost  any  meter  is  fully  qualified  for  entry  in  a 
Hong  distance,  high-speed,  endurance  contest,  a  feeling 


which  can  only  be  removed  by  a  consistent  policy  of 
education  on  the  part  of  the  central  station. 

Chas.  R.  Riker 

Safety  First —     Whatever  may  have  been  the  motives 
Always  an        that     prompted     manufacturers    and 
Essential  public    service    companies    to    aid    in 

safety  first  work — whether  humanitarian  or  a  realiza- 
tion that  it  had  a  sound  economic  basis,  or  both,  safety 
first  work  demands  still  further  attention  now.  When 
the  safety  first  campaigns  were  first  started,  labor  of 
the  desired  amount  and  average  quality  was  obtainable. 
At  present  help  must  frequently  be  accepted  from  those 
not  qualified  by  experience  or  education  in  the  funda- 
mentals of  electrical  work,  and  there  will  doubtless  be 
much  shifting  around  in  the  next  few  months. 

Operating  men  whether  engaged  in  the  generation 
or  utilization  of  power,  now  owe  a  duty  to  their  em- 
ploying corporation  and  fellow  workers  to  make  sure 
that  all  practicable  provisions  are  made  to  ensure  tlie 
greatest  safety  to  inexperienced  workers  and  the  great- 
est protection  against  the  interruption  of  power  supply. 
Assuming  a  continuous  supply  of  power,  there  is  still 
its  safe  distribution  and  utilization,  and  here  especially 
is  where  inexperienced  help  must  be  given  special  pro- 
tection to  make  sure  that  there  will  be  no  interruption 
either  of  the  service  of  employees  or  of  power.  In  this 
connection  the  Supreme  Court  of  Pennsylvania  in  a  re- 
cent decision*  has  stated  quite  clearly  the  legal  require- 
ments and  with  these  all  operating  officials  should  be 
fully  acquainted.  This  decision  states  that  "electric 
companies  are  bound  to  use  the  highest  degree  of  care 
]»racticable  to  avoid  injury  to  every  one  who  may  law-  . 
fully  be  in  proximity  to  their  wires,  including  em- 
ployees," that  it  is  their  duty  "to  know  what  safety  ap- 
pliances are  suitable  and  in  common  and  ordinary  use", 
for  protective  purposes.  "Furthermore,  when  a  particu- 
lar safety  appliance  has  come  into  general  use,  it  is  the 
duty  of  an  electric  company  to  furnish  its  employees 
with  the  protection  which  that  device  affords."  Refer- 
ring particularly  to  outside  line  consti-uction  work,  it  is 
cited,  for  instance,  that  it  is  customary  for  employers  to 
furnish  linemen  with  rubber  gloves,  shoes  and  "what  are 
termed  'piggies'  (hollow  rubber  cylinders  about  three 
feet  long,  which  after  being  clasped  about  live  wires 
render  the  latter  innocuous  to  those  who  may  touch  or 
come  in  contact  with  them)"  and  it  is  brought  out  in 
this  decision  that  employers  may  be  considered  guilty 
of  negligence  by  failure  to  furnish  their  employees 
with  such  usual  and  ordinary  safe  guards  from  in- 
jury due  to  electrical  causes. 

Aside  from  the  legal  point  of  view,  it  is  high  time 
that  electricity  be  considered  universally  by  the  general 
intblic  as  a  useful  servant  rather  than  as  a  highly 
mysterious  and  dangerous  agency,  and  suitable  safe- 
guards will  go  a  long  way  toward  the  elimination  of 
anv  but  useful  demonstrations  of  the  power  of  elec- 
tricitv.  A.  H.  McIntire 


*Donelly  vs.  Lehigh  Nav.  Electric  Co. 


Tlio  l.iooi'iy  Mill  of  iho  Cni-.ioiiio  5l)d  Com^^ivy 


Chas.  a.  Menk  and  F.  L.  Hunt 
Electrical   Dept.,   Homestead  Works 


THE  no  inch  plate  mill,  better  known  as  the 
"Liberty  Mill",  is  the  hrst  completely  electrically- 
driven  plate  mill  to  be  placed  in  operation  by  the 
Carnegie  Steel  Company.  It  is  an  entirely  complete 
plate  mill  unit  built  and  operated  by  the  Homestead 
Works  of  the  Company  and  located  on  the  south  bank 
of  the  Monongahela  River,  west  of  the  plant  proper. 
While  built  primarily  as  an  emergency  mill  to  roll  plates 
for  the  Emergency  Fleet  Corporation,  it  has  been  con- 
structed in  the  most  substantial  manner  for  continued 
operation  after  the  war. 

At  the  time  orders  were  received  from  Corporation 
headquarters  to  build  this  mill,  absolutely  nothing  had 
been  done  in  tlie  way  of  preliminary  estimates  or  de- 
signs, and  no  parts  of  existing  mills  could  be  utilized  in 
its  construction.  But  in  the  short  period  of  six  months 
the  mill,  covering  a  total  area  of  215  000  square  feet, 
■had  been  erected  and  placed  in  operation.  Not  only  did 
this  period  cover  actual  designing  and  construction  of 
the  mill,  and  practically  all  of  the  equipment  in  the  mill, 
but  also  the  removal  of  70000  tons  of  scrap  from  the 
site  before  the  actual  survey  could  be  made.  The  mo- 
tor driving  the  main  rolls  and  many  of  the  smaller  mo- 
tors were  also  entirely  constructed  in  this  time. 

In  the  Liberty  Mill  not  only  are  the  main  rolls  and 
tables  motor  driven,  but  also  all  auxiliaries,  as  pressure 
pumps,  compressors,  etc.  Power  for  the  operation  of 
this  mill  is  obtained  from  the  gas  engine-driven  power 
plant  at  the  Carrie  Furnaces,  the  blast  furnace  con- 
nected with  the  Homestead  plant  and  located  on  the 
north  bank  of  the  Monongahela  River  about  two  miles 
farther  up.  At  this  station  power  is  generated  at  6600 
volts,  three  phase,  25  cycles.  One  additional  generat- 
ing unit  of  3500  k.v.a.  capacity  had  to  be  added  to  en- 
able the  station  to  handle  the  increased  load,  making 
the  total  capacity  of  the  station  19  600  k.v.a.  It  was 
also  necfssary  to  erect  a  transmission  line  from  this 
station  to  the  mill.  This  line  consists  of  two  three- 
phase  circuits,  either  one  of  which  is  of  sufficient  ca- 
parit}'  to  carry  the  load  of  the  mill,  and  is  made  up  of 
500000  circ.  mil  copper  11  700  feet  in  length.  This 
length  also  includes  the  river  span  of  1007  feet  which 
is  of  795  000  circ.  mil  aluminum  cable,  reinforced  with 
a  stranded  steel  core.  This  river  span  is  carried  on 
steel  towers,  the  tower  on  the  south  bank  being  shown 
in  Fig.  I.  This  is  a  dead  end  tower  and  is  located  back 
from  the  bank  on  the  shore  side  of  the  main  yard  and 
the  LTnion  Railroad  tracks,  the  lines  being  brought 
down  the  face  of  the  tower  and  back  across  the  tracks 
to  a  50  foot  pole  line  extending  down  the  river  bank  to 
the  mill. 

All  crane,  charging  machine  and  table  motors  are 
mill  type  direct-current  motors,  obtaining  current  at  230 
-volts  from  a  motor-generator  substation  located  in  the 


axle  department  of  the  works  near  the  Liberty  Mill. 
All  shears,  compressors,  and  pumps  are  driven  by  al- 
ternating-current motors  supplied  at  '240  volts  from  a 
step-down  transformer  substation  located  at  the  mill. 

LAYOUT    OF    BUILDINGS    AND   EQUIPMENT 

The  group  of  buildings  which  form  the  mill,  Fig.  2, 
are  all  joined  together.  On  entering  the  mill  one  comes 
first  to  the  slab  storage  building.  This  building  is  served 
by  two  15  ton,  66  foot  span  traveling  cranes,  whose 
duty  is  to  unload  the  cold  slabs  shipped  into  the  mill, 
and  also  to  deliver  slabs  to  the  transfer  tables  leading 
into  the  furnace  building,  which  is  parallel  to  the  slab 
building.  These  and  all  other  cranes,  charging  ma- 
chines, and  practically  all  of  the  equipment,  as  before 
stated  were  designed  and  built  by  the  Homestead  Plant. 


FIG.    I — DE.\D    END   TOWER   Ol'I'OSlTE    POWER    HOUSE 

Tower  stands  134  feet  high  being  28  by  30  feet  at  the  base. 
The  cross  arm  members  are  56  feet,  66  feet,  and  56  feet  long 
respectively.  Provision  has  been  made  for  four  three-phase 
circuits,  three  of  which  are  now  in  place. 

These  slab  yard  cranes  are  each  equipped  with  a  75  hp 

motor  on  the  hoist,  a  55  hp  on  the  bridge,  and  a  15  hp  on 

the  trolley,  manual  control  being  used  for  all  motions. 

The  transfer  table  for  transferring  slabs  from  the 
storage  building  to  the  furnace  building  consists  of  two 
units,  each  unit  of  18  rollers  driven  by  a  37.5  hp  motor, 
which  is  operated  by  series  accelerating  magnetic  con- 
trol. This  controller,  as  are  all  magnetic  controllers,  is 
mounted  in  a  steel  shelter,-  Fig.  3,  while  the  master 
switches  are  located  near  the  table.  This  table  extends 
into  the  furnace  building  in  which  are  located  eight  re- 
generative furnaces. 

Slabs  are  charged  from  the  transfer  tables  into  the 
furnaces  and  drawn  from  the  furnaces  for  delivery  to 
the  mill  by  two  15  ton  overhead  charging  machines  of 
45  foot  span,  shown  in  Fig.  4.  The  bridge  of  each  is 
driven  by  two  37.5  hp  motors,  each  motor  being  con- 
trolled by  a  separate  magnetic  controller,  but  both  con- 
trollers operated  by  one  master  switch.     On  all  other 
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motions  manual  control  is  used.  The  trolley  is  driven  by  a  37.5  Fip  motor^ 
the  hoist  a  55  hp,  and  the  screw  for  operating  the  clamp  on  the  charg- 
ing arm  or  peal  is  driven  by  a  13  hi'  motor.  The  turn-around  is  equipped 
with  a  contact  column  for  all  connections,  thereby  permitting  continuous 
turning,  and  is  driven  by  a  1 5  hp  motor.  Slabs  are  drawn  from  the  fur- 
nace and  delivered  to  the  delivery  table,  extending  from  the  furnace 
building  into  the  roll  or  mill  build'ng,  which  is  parallel  to  the  furnace 
building.  This  table  consists  of  26  rollers  driven  by  a  37.5  hp  motor 
and  from  this  table  the  slabs  run  to  the  front  table  and  thence  to  the 
mill.  These  two  tables  and  the  back  table  are  all  controlled  from  an  op- 
erating pulpit,  by  means  of  master  switches  and  series  accelerating  ffiag- 
netic    control.     These    two   mill    tables  are  each  driven  by  a  100  hp  motor. 

MAIN    ROLLS    AND    DRIVTL 

The  Liberty  Mill  is  a  shear  plate  mill,  that  is,  all  plates  are  sheared  to 
width  as  well  as  length,  there  being  no  side  rolls.  It  is  what  is  known 
as  the  Lauth  type  mill  in  which  the  top  and  bottom  rolls  are  the 
main  rolls  and  are  driven  in  the  same  direction,  while  the  smaller  middle 
roll  is  rotated  by  friction  as  it  is  successively  forced  against  either  the  top 
or  the  bottom  roll  by  the  rolling  pressure.  In  this  case  the  top  and  bottom 
rolls  are  36  inches  in  diameter  and  no  inches  long,  while  the  middle  roll 
is  22  inches  in  diameter.  Hydraulic  pressure  is  used  to  move  this  middle 
roll  and  also  for  tilting  the  front  and  back  tables. 


FIG.    3 TYPIC.\I,    METHOD    OF     MOUNTING    MAGNETIC    CONTROL    AI'- 

PAR.\TUS   IN    STEEL   SHELTER  BETWEEN    MAIN   BUILDING   COLUMNS 

The  main  rolls  are  driven  by  a  4000  hp,  three- 
phase,  6600  volt  motor  runnin-j  at  83.3  r.p.m.  This  is 
connected  to  the  rolls  by  means  of  cast  herringbone- 
pinions,  the  motor  pinion  havin;^  11  teeth  to  17  on  the- 
roll  pinion.  This  gives  a  peripheral  speed  on  the  roll 
of  513  feet  per  minute.  The  motor  is  enclosed  in  a 
separate  brick  building  inside  the  main  building  find 
under  the  50  ton,  66  foot  span  roll  crane.  The  entire 
roof  of  this  building,  Fig.  5,  may  be  removed  and  ;'iso 
the  rolling  steel  door  may  be  lifted  away,  giving  access 
to  all  parts  of  the  motor  room  wdth  the  crane. 

The  40CO  hp  main  motor  is  of  the  standard  two- 
bearing,  wound  rotor  type  of  induction  motor  and  is 
shown  in  Fig.  6.  The  flywheel  is  mounted  directly  on 
the  rotor  shaft  between  the  main  bearings.  This  fly- 
wheel is  19  feet  in  diameter  and  weighs  55  tons,  and' 
the  total  rotating  element  weighs  118.6  tons.  Some 
idea  of  the  speed  made  during  construction  may  be  had 
by  the  fact  that  just  .tw'o  weeks  after  the  first  part  of 
the  motor  or  control  apparatus  was  received  on  the  site, 
the  motor  was  turning  over  the  rolls,  complete  in  every 
detail.     This  first   part  received  was  the  bedplate  and 
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.approximately  one  week  later  the  stator.  Three  days 
before  the  mill  started,  the  rotor  and  all  control  eciiiip- 
ment  arrived.  The  same  record  was  maintained  in  all 
■construction. 

The  room  in  which  the  motor  is  located  is  50  feet 
by  55  feet  and  also  contains  the  switchboard,  Fig  7. 
The  first  panel  on  the  left  contains  the  control  buttond 


FIG.   4 — 15    TON    CHARGING    M.-^CHINE,    FURNACE    BUILDING 

for  the  motor-operated  oil  circuit  breakers  in  each  cir- 
cuit from  the  power  house.  The  motor  primary  panels 
are  next,  containing  the  indicating  and  graphic  meters. 
The  remaming  panels  contain  the  contactors  and  relays 
for  cutting  out  secondary  resistance  for  accelerating, 
and  also  the  notch-back  relay  for  opening  the  last  con- 
tactor. The  motor  runs  with  resistance  normally  con- 
nected to  give  five  percent  slip,  and  when  the  contactor 
is  opened  by  action  of  the  notch-back  relay  connected 


FIG.   5 — LOOKING    ACROSS    REAR    ROLL   TABLE,    SHOWING    MOTOR   ROOM 

The  rolling  steel  door  at  main  entrance  may  be  lifted  away, 
.as  may  also  any  portion  of  the  roof.  This  view  also  shows  the 
method  of  installing  the  motor  and  belt  drive  for  the  screw 
■down. 

to  the  transformers  on  the  motor  primary,  an  additional 
four  percent  is  added,  thereby  permitting  the  flywheel 
to  give  up  energy. 

In  the  same  building  and  back  of  the  room  contain- 
ing the  motor  is  a  room  22  by  50  feet.  Fig.  8,  into  which 
the  main  power  lines  are  brought  in  lead-covered  cables 


and  in  which  are  located  the  lightning  arresters,  oil  cir- 
cuit breaker  cells  and  secondary  resistance.  The  oil 
circuit  breakers  for  the  incoming  lines  are  the  first  two 
sets  of  cells  on  the  right,  the  barrier  doors  of  one  being 
removed  to  show  the  construction  of  the  concrete  cells. 
The  next  set  of  cells  contain  the  circuit  breaker  on  the 
tnotor  primary  and  the  last  two  on  the  left,  the  revers- 
ing circuit  breakers  for  plugging  the  motor.  The  cell 
between  the  primary  circuit  breaker  and  the  reversing 
circuit  breakers  contains  the  step-down  transformer  for 
supplying  220  volts  for  operating  the  contactors  on  the 
secondary  control.  In  the  foreground  may  be  seen  the 
banks  of  grids  forming  the  motor  secondary  resistance. 
Fig.  9  shows  the  lightning  arresters  on  the  incoming 
lines.  These  are  located  back  of  the  concrete  cell  struc- 
ture shown  in  Fig.  8.  All  instrument  transformers  on 
the  6600  volt  lines  are  contained  in  the  concrete  cell 
structure.  The  primary  leads  for  the  motor  are  lead 
covered  cable  and  are  brought  from  the  oil  circuit 
breakers    down    into    the    basement    where    they    pass 
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FIG.    6 — 4000   HORSE-POWER    MAIN    MILL   MOTOR   AND   FLYWHEEL 

through  current  transformers  operating  the  notch-back 
relay,  and  thence  in  conduit  through  the  motor  founda- 
tion to  the  motor. 

A  better  view  of  the  secondary  resistance  grids  is 
shown  in  Fig.  10,  which  shows  the  copper  bus  connec- 
tions between  banks  and  the  btis  connections  from  the 
terminals.  All  connections  from  the' grids  to  the  con- 
tactors and  slip  rings  on  the  motor  are  made  with  bus 
copper,  which  is  run  through  openings  in  the  floor  at 
each  terminal  point  to  the  basement.  From  this  base- 
ment a  tunnel  leads  to  the  pit  under  the  motor,  passing 
directly  under  the  switchboard  containing  the  secondary 
contactors.  The  connections  to  the  contactors  are 
brought  up  through  openings  in  the  floor  back  of  this 
board.  These  bus-bars  are  all  rigidly  supported  on  in- 
sulators carried  on  pipe  frame  work,  making  all  connec- 
tions readily  accessible.  Fig.  11  shows  the  basement 
and  tunnel  mouth,  also  the  bus-bars  coming  from  the 
resistance  above  and  into  the  tunnel.  The  bottom  set 
of  bars  in  the  background  is  connected  to  the  slip 
rings  on  the  motor. 

All  floors  are  covered  with  red  quarry  tile  and  the 
building  is  equipped  with  a  telephone  room,  toilet,  and 
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work  room.  Also  it  is  supplied  with  fresh  air  from  a 
motor-driven  blower  delivering  air  under  the  motor  and 
in  the  basement  under  the  resistance.  Suitable  outlets 
are  provided  in  all  rooius. 

Mention  has  been  made  of  reversing  switches  on 
the  motor  primary.  While  this  is  a  continuous  running 
mill,  these  switches  have  been  provided  for  plugging  the 
motor  to  enable  the  operator  to  stop  it  quickly  or  to  re- 


FIG.    7 — VIEW    OF    SWITCHBOARD    IN    MOTOR    ROOM 

Showing  control  panel  for  incoming  line  switches  and  con- 
tactors for  motor  secondary  control. 

verse  its  direction  of  rotation  in  case  of  emergency. 
The  friction  and  windage  losses  of  the  motor  plus  the 
friction  load  of  the  pinions  and  mill  is  177  kw,  yet  with- 
out plugging,  the  motor  does  not  come  to  rest  for  ap- 
proximately 4  minutes,  due  to  the  flywheel  effect  of  the 
rotating  parts.  The  master  switch  for  controlling  the 
motor  is  located  beside  the  roller's  desk,  giving  him 
complete  control  of  the  mill.     Several  safety  stops  are 


FIG.   8 — GENER-AL    VIEW    OF     INCOMING     LINES,    DISCONNECTING 

SWITCHES,  CHOKE  COII-S,  CIRCUIT  BRAKER  CELLS  AND 

MOTOR  SECONDARY  RESISTANCE 

arranged  to  be  operated  from  the  motor  room,  but  the 
motor  cannot  be  started  from  any  place  other  than  the 
master.  In  case  the  motor  is  stopped  for  any  reason  from 
within  the  motor  room,  the  master  must  first  be  re- 
turned to  the  off  position,  before  it  can  again  be  started. 
Pilot  lights  have  been  provided  in  plain   sight  of  the 


roller,  showing  green  for  switches  open,  red  during  ac- 
celeration, and  white  when  motor  is  up  to  full  speed. 
A  compressed  air  whistle  is  used  for  all  signals  and  is 
operated  by  a  solenoid  valve  from  either  the  roller's 

desk,  or  the  switch-board 
in  the  motor  room.  The 
control  pulpit  also  Con- 
tains the  master  switches 
for  operating  the  approach 
table  and  the  front  and 
rear  mill  tables,  also  the 
lever- type  hydraulic  valves 
for  raising  and  lowering 
the  mill  tables  and  operat- 
ing the  middle  roll.  These 
valves  are  small  pilot 
valves  that  control  the 
valves  on  the  main  pres- 
sure lines.  The  master 
switch  for  the  screw-down 
motor  control  is  also  on 
the  same  pulpit.  This- 
screw  down  is  operated  by 
a  100  hp  motor,  con- 
trolled by  series  accelerat- 
ing magnetic  control  and 
is  belted  to  the  main  shaft 
driving  the  screws.  On. 
this  and  all  table  controls, 
plugging  is  used  for  quick  stops.  Two  operators  con- 
trol this  equipment,  one  operating  the  screw-down  mo- 
tor, the  other  taking  care  of  the  remaining  motions. 
They  are  located  at  one  side  of  the  mill  and  opposite 
the  front  table. 

Roll  changes  are  quickly  made  as  the  mill  is  of  the 
open  housing  type  in  which  the  rolls  are  taken  out  end- 
wise through  the  housing.  This  work  is  handled  by  the 
50  ton  roll  crane,  which  is  equipped  with  two  37.5  hp 
motors  on  the  bridge,  each  motor  operated  by  a  separate 


9 — INC0JIIX(;    Lixi;;    ax: 

LIGHTNING    ARRESTERS 


hi..     10 — SECOND.\RY   RESISTANCE  GRIDS 

Showing  method  of  mounting  and  connecting. 

magnetic  controller,  but  controlled  from  one  four- 
speed-point  master  switch.  These  controllers  are 
equipped  with  shunt  switches  and  series  accelerating 
relays.  The  trolley  is  driven  by  a  37.5  hp  motor  and 
contains  an  au-xiliary  15  ton  hoist  operated  by  a  55  hp- 
motor,  as  well  as  the  main  hoist  which  is  operated  by  a 
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75  hp  motor.  Dynamic  braking  is  used  on  the  main 
hoist  and  manual  control  on  all  motions  except  the 
bridge. 

SHEAR  BUILDING 

The  shear  building,  Fig.  12,  extends  at  right  angles 
to  tlie  mill  building  and  the  plates,  on  being  finished. 


magnetic- controllers.  The  back  str-rghtening  roll  table 
carries  the  plate  to  the  first  of  two  marking  tables,  each 
of  which  is  163  feet  long.  The  seco..d  marking  table 
brings  the  plate  to  the  no  inch  end  shear  and  from 
there  it  may  be  pushed  on  the  "cas*e»s"  to  either  of  the 
144  inch  side  shears.  Each  of  these  three  shears  is 
driven  by  a  200  hp  w^ound-rotor,  220  volt,  three-phase 


Fir..    II  — BASEMENT    UNDER    SECONDARY    RESISTANCE 

Showing"  connections    between    resistance   and   contactors,    and 
resistance  and  slip  rings  on  jiiotor. 

are  run  off  of  the  rear  table  onto  an  intermediate  table 
extending  into  the  shear  building.  This  table  carries 
the  plates  to  the  front  straightening  roll  table  and 
thence  to  the  straightening  rolls.  These  rolls  consist  of 
six  lower  rolls  driven  by  a  75  hp  compound-wound 
motor  and  five  upper  idler  rolls  which  are  adjusted  b}'  a 


13 — MOTOR-DRIVEN    END    SHEARS 

motor,  controlled  b_v  a  full  magnetic  starter  operated 
from  a  pushbutton  station.  The  end  shear  is  shown  in 
Fig.  13  and  its  control  in  Fig.  14.  These  motors  are 
coupled  to  the  shear  through  a  flexible  coupling  to  the 
driving  pinion  which  is  supported  by  its  two  independ- 
ent bearings.  Located  back  of  each  side  shear  is  a 
scrap  shear  operated  by  a  46  hp  squirrel  cage  motor 
controlled  by  a  manually-operated  starter.  The  casters 
used  about  the  shears  and  from  them  to  the  shipping 
building  are  equipped  with  roller  bearings  and  ball 
bearing  thrust  to  reduce  the  labor  to  a  mini- 
mum.       This    shear    building    is    served    by    two    lO 


FIG.    12 — SHEAR     l\riI.liIM:,     SlIUWIXC     COLD     KOI.LS     .\.\D      MARKING 
TABLES   WITH    SHEARS   IN    BACKGROUND 

7.5  hp  motor.  These  two  tables,  as  well  as  the  remain- 
ing tables  between  the  straightening  rolls  and  the  shears 
are  each  driven  by  a  37.5  hp  motor,  and  together  with 
the  straightening  rolls  are  controlled  from  an  operating 
pulpit  located  beside  these  rolls.  All  of  these  motors  are 
operated    by   master    switches   and    series    accelerating 


ton,  76  foot  span  cranes  having  a  55  hp  motor  on  the 
bridge,  a  55  hp  motor  on  the  trolley,  and  a  75  hp  motor 
on  the  hoist ;  manual  control  being  used  on  all  motions. 

SHIPPING  BUILDING 

The  shipping  building  which  lies  parallel  to  the 
shear  building  is  ser\'ed  by  three  10  ton,  76  foot  span 
cranes,  the  bridge  of  each  being  driven  by  a  55  hp  mo- 
tor and  the  trolley  by  a  15  hp.     Each  trolley  contains 
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two  independent  hoists  on  overhanging  drums,  the  from  the  same  two  circuits  as  the  main  motor,  the 
cables  hanging  on  either  side  of  the  bridge  girders,  method  of  bringing  in  these  Hnes  t>eing  shown  in  Fig. 
These  hoists  may  be  operated  singly,  or  as  one  unit,  de-  15,  and  the  transformers  which  stand  on  the  opposite 
pending  on  the  length  of  the  plate  to  be  handled.  Each  side  of  the  room  from  the  lightning  arresters  being 
hoist  is  operated  by  a  37.5  hp  motor  which  is  con-  shown  in  Fig.  16.  Open  copi)er  tubing,  supportett  on 
trolled  by  magnetic  control  consisting  of  shunt  switches  insulators  from  pipe  frame  work  is  used  for  all  prim- 
and  series  relays.  This  control  is  arranged  for  dynamic 
braking  and  is  operated  by  a  four-speed-point  master 
switch.  These  two  hoist  master  switches  are  so  locate^! 
that  they  may  both  be  moved  as  a  single  switch  when 
the  two  hoists  are  operated  as  one  unit.  Manual  con- 
trol is  used  on  the  other  motions.  In  order  to  be  able 
to  use  \K\yX  of  the  space  in  the  shijiping  building  for  slab 
storage,  if  necessary,  a  transfer  will  be  installed  be- 
tween the  slab  storage  building  and  this  shipping  build- 
ing. This  will  be  motor  operated  and  of  the  surface 
contact  system.     There  is  also  to  be  installed  a  three 


FIG.    15 — INCOMING  LINES   .\ND  LIGHTNING  .-VRRESTERS   IN 
TR.\NSFORMER    SUB-ST.ATIOX 

ton  monorail  hoist  for  handling  the  cinder  from  the 
heating  furnaces.  This  will  run  around  the  backs  of 
all  the  furnaces  in  the  furnace  building. 

SUBSTATION  AND  PUMP  STATION 

Parallel  to  the  shear  building  is  a  long  brick  struc- 
ture containing  the  headquarters  for  the  electric  fore- 
man, millwright,  labor  foreman,  etc. ;  the  comfort  sta- 
tion and  locker  room  for  employees ;  and  the  physical 
testing  laboratory,  consisting  of  a  test  room  containing 
a  400  000  pound  test  machine,  bending  room,  and  a 
machine  shop  for  machining  the  test  pieces.  Above 
these  rooms  are  located  the  shipping  and  inspectors 
offices.  Also  in  the  same  structure  are  the  accumulator 
and  return  water  tank  connected  with  the  hydraulic  sys- 
tem. Also  the  transformer  substation  which  consists 
of  three  300  k.v.a.,  single-phase,  air  cooled  transformers 
connected  in  delta.     This  station  is  supplied  with  power 


FIG.    16 — 6600   TO    240   VOLT   TR.\.\SFORMERS 

For  motors  on  shears,  pumps  and  compressors.     All  open  bus 
connections  from  transformer  to  switchboard. 


ary  connections,  and  u[)en  Vjar  copper  supported  w  a 
similar  manner  is  used  for  all  secondary  connections. 
Each  primary  circuit  is  controlled  by  a  remote  electric- 
ally-operated oil  circuit  breaker  located  in  barriers  in 
line  with  the  transformers. 


FIC.    17— CKNKRAL    VIEW    OF    VVyW    ROOM 

Showing  pressure  pumps,  air  compressors  and  switchboard. 
Note  open  bus  work  coming  from  transformer  room  in  rear 
of  switchboard. 

The  secondary  bus  is  carried  through  an  opening 
in  the  wall  to  the  switchboard  located  in  the  pump  room 
which    is    adjacent    to    the    transformer    room.     This 
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switchboard  consists  of  two  primary  panels  and  two 
feeder  panels,  one  being  tlie  shear  circuit,  the  other  for 
future  use.  Also  a  light  panel,  a  tap  being  brought 
from  the  middle  transformer,  giving  120  volts  for  this 
purpose.  Connected  to  the  main  bus  are  also  the  two 
synchronous  motor  panels  for  operating  the  two  air 
compressors,  and  the  two  starting  panels  for  the  mo- 
tor-driven pressure  pumps.  These  compressors  are 
each  of  1500  cubic  feet  capacity  and  are  driven  by  a 
2^0   hp,   214    r.p.m.    synchronous   motor,    the    rotor   of 


OPERATING  RESULTS 

The  Liberty  Mill  has  now  been  successfully  oper- 
ated for  over  a  year  with  no  shut-downs  and  no  serious 
delays.  Plates  are  being  rolled  from  slabs  of  an  aver- 
age weight  of  4200  pounds,  4^  inches  thick,  and  the 
average  monthly  output  of  finished  plate  is  xgooo  tons. 
This  average  tonnage  is  made  up  of  plates  ranging 
from  lii  inches  to  3-16  inch  thick  and  96  inches 
wide.  Fig.  18  shows  a  typical  graphic  curve  of  the 
power  required  while  rolling  a  5250  pound  slab.     The 


2  Min.,  23  Sec. 


FIG.    iS— TYI'ICAL  W.\TTHOUR  METER  CH.\RT  OF  MOTOR  DRIVING  ROLLS 

"While  rolling  a  5250  11..  slab,  aVz   inches  thick  and  46  inches  wide  to  a  plate  316  inches  long,  73  inches  wide  and  %  inch  thick. 

which  is  mounted  directly  on  the  crank  shaft  and  ex-  action  of  the  flywheel  in  smoothing  out  the  peak  of  the 
■cited  from  the  general  direct-current  power  system,  load  during  the  heaviest  reduction  is  clearly  shown. 
Air  pressure  is  maintained  at  100  pounds.  The  pres-  Plates  are  being  finished  at  an  average  total  power  con- 
sure  pumps  are  s^/g  inch  by  12  inch  duplex  puinps  sumption  of  52  kw-hr.  per  ton.  The  mill  is  operating 
and  are  driven  by  a  100  hp  wound-rotor  motor  through  with  an  average  practice  of  75  percent,  that  is,  the  ratio 
a  flexible  coupling  and  cut  herringbone  gears.  The  ac-  of  the  tonnage  charged  to  that  finished.  This  includes 
cumulator  maintains  a  constant  pressure  of  550  pounds.  all  losses  in  scale  in  the  furnace  and  during  rolling 
Tig.  17  is  a  general  view  of  this  room.  and  all  scrap  due  to  shearing. 


S^esijp  of  Porcolaiii  Iji^T(lai:c)r3  from  the 


G.  I.  Gilchrist  and  T.  A.  Klinefelter 


THE  manufactvn-e  of  porcelain  insulators  involves 
the  consideration  of  a  number  of  factors  aside 
from  those  of  a  mechanical  and  electrical  nature. 
Practically  e\er_\  line  and  section  of  an  insulator  must 
be  modified  more  or  less  from  what  would  be  strictly 
correct  from  the  theoretical  standpoint. 

-Vfter  the  prejiaration  of  the  clay  by  one  of  the  pro- 
cesses previously  described*,  the  insulators  are  made  by 
hand  or  machine  jiggering,  by  dry  pressing,  or  by  turn- 
ing and  casting.  For  each  method  particular  tools  and 
methods  of  handling  the  clay  body  are  required.  If  the 
same  body  is  used  for  each  process,  it  will  be  found 
that  not  qnl}-  must  the  design  be  modified  especially  for 
•each  but  |  that  different  shrinkages  take  place,  and  a 
■different  texture  and  structure  of  the  porcelain  it.self 
result.  The  designer  must  keep  all  of  these  conditions 
in  mind,  since  every  detail  in  manufacture  may  require 
a  modification  especially  adapted  to  the  process  by 
which  the  insulator  is  to  be  made. 

Since  most  high-tension  insulators  are  made  by  the 

*See  article  on  "Electrical  Porcelain"  by  the  authors  in  the 
Journal  Tor  Feb.  and  March  1918,  pp.  36  and  77. 


wet  process,  some  of  the  important  factors  affecting  de- 
sign for  this  method  will  be  given  attention.  The  pro- 
duction of  these  insulators  is  accomplished  by  jigger- 
ing or  by  use  of  the  hot  press  machine,  the  latter  being 
a  mechanical  modification  of  jiggering.  If  the  insula- 
tor is  to  be  jiggered  it  will  be  formed  in  a  one  piece 
mold  and  set  aside  to  dry  for  several  hours.  At  the 
end  of  this  time  the  plaster  mold  will  have  drawn  out 
of  the  insulator  a  certain  amount  of  water,  causin.g  it 
to  shrink  and  loosen  from  the  mold.  The  mold  is 
turned  upside  down  and  the  insulator  should  slip  out 
instantly,  requiring  no  jarring  or  pounding.  Being 
only  partially  dry,  a  heavy,  or  sometimes  a  slight  jar 
will  distort  the  shape  of  the  insulator.  Any  subsequent 
attempt  to  restore  the  shape  may  set  up  enough  internal 
strain  to  result  in  cracked  or  distorted  ware  during  the 
bum.  Obviously  the  insulator  must  have  enough  slope 
or  draft  so  that  it  will  slip  out  at  once,  when  the  mold 
is  inverted.  For  the  same  reason,  and  also  because  of 
the  shrinkage,  there  must  be  no  shoulders  or  projections 
to  catch  on  the  mold  when  the  piece  starts  to  pull 
awav  from  it. 
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The  inner  part  of  the  insulator  is  formed  by  a  slioe 
which  either  comes  down  in  the  arc  of  a  circle,  or  drops 
vertically.  If  the  insulator  is  a  deep  one,  the  designer 
must  be  careful  that  the  jigger  shoe,  as  it  lifts  out,  will 
not  gouge  and  distort  the  formed  piece,  otherwise  the 
shoe  must  be  dropped  vertically,  which  is  more  expen- 
sive. 

In  some  types  of  insulators,  especially  the  suspen- 
sion type,  there  are  a  number  of  corrugations.  These 
must  not  be  too  thin  or  too  deep.  The  thinner  and 
deeper  they  are  the  more  difficult  it  is  to  make  the  in- 
sulator. In  a  practical  design  the  width  of  the  corru- 
gation should  increase  with  the  depth. 

While  the  hot  press  machine  jiggers  automatically 
and  hence  should  give  greater  accuracy  in  forming,  it 
also  gives  a  greater  amount  of  trouble  in  other  respects 
which  do  not  appear  in  hand  jiggering. 

The  clay  body  is  difficult  to  keep  absolutely  uni- 
form in  moisture  content  and  working  quality  and  tex- 


FIG.    I — HOT     I'UESS    MACHINE 

ture.  On  the  jigger  wheel  this  is  easily  taken  care  of, 
as  the  workman  can  use  a  little  more  or  a  little  less 
water,  and  in  general  he  can  work  the  clay  a  trifle  more 
and  obtain  a  good  product.  With  the  hot  press  machine 
no  matter  what  the  condition  of  the  clay,  it  receives  the 
same  treatment.  Sometimes  internal  stresses  result, 
due  to  the  twisting  motion  of  the  plunger;  sometimes 
ic  is  simply  an  annoying  sticking  of  the  clay  to  the 
plunger,  etc.  These  various  things  can  be  modified  to 
some  extent  by  proper  design.  Very  thin  petticoats,  for 
instance,  are  likely  to  suck  and  draw,  or  stick  to  the  die 
if  the  clay  is  a  trifle  too  soft.  An  insulator  with  fins 
(such  as  a  few  of  the  small  pintype),  which  in  the 
mold  constitute  side  passages,  are  hard  to  fill  prop- 
erly if  the  clay  is  not  in  quite  proper  working  condition. 
Obviously  too,  these  side  passages  will  not  be  packed 
so  tightly  as  the  clay  receiving  the  main  thrust  of  the 
plunger.  This  results  in  a  variation  of  shrinkage  with 
subsequent  cracking,  if  the  stress  set  up  becomes  too 
great.     Incidently  an  objectionable  feature  of  insulators 


with  fins  is  that  they  must  be  made  in  a  split  mold. 
Since  it  is  possible  to  use  a  mold  split  in  half  on  these 
machines,  there  has  been  a  tendency  to  design  shapes 
which  can  be  made  in  no  other  way.  The  practice  is 
bad,  howe\er,  not  only  from  the  standpoint  of  cost,  due 


FIO.    2 — HOT   PRESS    INSULATORS    IN   VARIOUS   STAGES   OF   PRODUCTIOK: 

From  left  to  right : — i — Insulator  in  mould.  2 — Plaster  of 
paris  mould.  3 — Insulator  removed  from  mould.  4 — Insulator 
trimmed.  5 — Insulator  bone  dry.  6 — Insulator  glazed.  7 — In- 
sulator fired. 

to  greater  breakage  of  molds,  but  the  insulators  are 
likely  to  be  of  inferior  qviality,  and  are  more  likely  to 
have  internal  strains  set  up  in  them,  with  resulting  loss 
by  cracking. 

One  of  these  hot  press  machines  is  shown  in  Fig. 
I,  and  Fig.  2  shows  a  mold,  an  insulator  just  moved 
from  the  mold,  a  trimmed  unit,  a  dried  unit,  a  glazed 
unit  and  a  burned  unit.  An  interesting  investigation 
was  recently  conducted,  covering  the  manufacture  of 
several  thousand  of  these  insulators  in  an  effort  to  de- 
termine the  various  factors  causing  the  differences  in 
ware  made  on  these  hot  press  machines.  First,  the 
pugged  blank  from  which  the  insulator  is  made  was 
varied.  In  one  case  a  cylinder  of  clay  of  just  the  right 
diameter  was  tried,  then  a  large  cylinder  divided  into- 
quarters  and  halves.  The  blanks  were  run  soft,  then 
quite  stiff.  Finally  each  different  kind  of  blank  was 
tested  as  to  the  best  manner  of  patting  into  shape  by 
hand,  and  throwing  into  the  mold. 

It  was  found  that  there  was  really  a  factor  of  con- 
siderable variation  with  each  of  these  conditions.  It 
makes   a  difference   whether  the   clay   is   stiff  or   soft,. 


FIG.   3 — FIRED    INSULATORS    IN    S.\GGER 

After  drawing  from  kiln. 

the  kind  of  blanks  used,  the  method  of  handling  the 
clay  and  throwing  it  into  the  mold,  the  general  speed  in- 
working  etc.  Moreover,  the  accuracy  of  the  machine 
itself  is  a  factor,  for  if  the  plunger  is  not  aligned  cor- 
rectly, the  ware  will  crack  very  cjuickly  on  the  inside.. 
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The  error  in  alignment  may  be  so  small  as  to  be  un- 
detectable by  the  eye  and  yet  cracking  will  result  in 
less  than  a  half  hour.  The  human  factor  enters  in  at 
so  many  points  that  considerable  differences  are  to  be 
expected.     A  difference  of  ten  percent  in  cracked  ware 


riG.    4-    CASJING    MuL'Ll) 

was  found  in  the  product  of  a  number  of  long  experi- 
enced hands. 

On  further  study  it  is  found  that  modifying  the  de- 
sign changes  the  result  of  some  of  these  factors  greatly, 
some  designs  being  extremely  sensitive  at  stages  of 
manufacture  where  others  seem  to  stand  almost  any 
type  of  handling.  The  same  factors  regarding  draft  for 
removing  the  insulators  from  the  mold  applies  to  the 
hot  press  process  as  well  as  to  the  mold  for  hand  jigger- 
ing.  There  are  also  the  same  limitations  with  regard 
to  depth  and  thickness  of  corrugations. 

After  ware  has  been  made  by  either  process,  it  is 
ready  for  trimming,  or  it  may  be  allowed  to  dry  out 
thoroughly  and  then  be  trimmed.  There  are  advan- 
tages in  both  ways,  some  designs  being  more  easily 
handled  one  way  than  the  other.  In  either  case,  the  de- 
signers must  consider  how  the  ware  is  to  be  trimmed 
and  what  the  limits  are.     There  is  a  chance  of  breakage 


FIG.    5— LiKV    I'RESS    MACH1.\E 

and  distortion  in  the  trimming,  especially  if  the  piece 
has  thin  corrugations,  or  if  it  must  be  under  cut.  The 
less  material  there  is  to  take  off,  the  better,  and  the 
simpler  and  straighter  the  motions  necessary,  the  bciter. 
One  of  the  main  operations  is  drying.     Here,  aside 


from  the  factors  already  mentioned,  the  greatest  and 
most  important  factor  is  that  of  section.  Within  rea- 
sonable limits,  the  thinner  the  section  the  better,  since 
the  drying  takes  place  much  more  rapidly  than  where 
the  section  is  thick.  However,  even  piore  important  is 
the  necessity  of  keeping  all  sections  as  nearly  uniform 
as  possible.  If  this  is  done  the  shrinkage  rate  is  prac- 
tically the  same  throughout  the  piece  and  no  new  strains 
are  set  up.  If,  however,  the  thickness  of  a  section 
changes  abruptly,  almost  invariably  cracks  will  appear 
in  a  large  proportion  of  the  insulators  at  the  junction 
of  the  thick  and  thin  parts.  Too  sharp  a  corner  or 
abrupt  a  change  in  direction  will  also  cause  cracking. 
A  change  in  direction  should  alwaj's  take  place  gradu- 
ally. 

The  sharp  corner  or  edge  is  also  sure  to  give 
trouble  in  respect  to  the  next  operation,  that  of  glaz- 
ing. Although  the  glaze  becomes  liquid  during  burn- 
ing, it  is  generally  quite  viscous  and  the  surface  tension 
will  pull  the  glaze  away  from  sharp  edges  and  flood 
abrupt  corners.  With  a  dark  glaze  this  results  in  light 
lines  on  the  edges,  and  dark  in  the  corners,  and  some- 


FIG.   6 — DRY   PRESS   DIK   A!s\^   HKl.U   I.NSLLAIUKS 

times  crazing  in  the  latter  case  if  the  glaze  is  too  thick.- 
The  final  factors  in  the  process  deal  with  the  kiln. 
The  ordinary  jiggered  or  hot  pressed  ware  usually  gives 
little  trouble  from  warping,  since  it  is  'generally  heavy 
enough  to  hold  its  shape  through  the  burn.  Most  of 
the  trouble  appears  from  too  small  a  placing  surface. 
The  method  of  placing  insulators  in  a  sagger  is  shown 
in  Fig.  3.  Obviously  the  insulator  must  rest  on  one  of 
its  surfaces,  which  should  be  unglazed  if  possible.  The 
designer  too  often  gives  this  little  attention  and.  as  a 
result  the  insulator  has  a  small  placing  surface,  and  a 
high  center  of  gravity.  Therefore  the  least  motion  in 
the  kiln  causes  it  to  upset,  spoiling  not  only  that  par- 
ticular piece  of  ware,  but  others  near  it. 

If  the  surface  is  left  glazed,  it  must  be  placed  on- 
some  arrangement  such  as  fireclay  stilts  or  crushed' 
quartz  so  that  the  glaze  will  not  come  in  contact  with- 
the  bottom  of  the  sagger,  with  resultant  sticking.  Re- 
sorting to  such  methods  is  costly  in  itself  and  often' 
results  in  a  goodly  percentage  of  pieces  spoiled  during 
the  burn,  through  upsetting. 

When  ware  is  turned,  the  factors  entering  due  to- 
molds  are  eliminated.  The  main  thing  to  be  considered 
is  the  matter  of  section.  There  is  a  tendency  for  the 
designer  to  thicken  a  bushing  abruptly  in  case  he  wishes 
a    shoulder    or    ledge    for    clamping    purposes.     Thick. 
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walls  and  small  central  holes  are  a  combination  to  be 
avoided  if  possible  since  it  makes  a  difficult  piece  to 
dry,  as  the  air  cannot  get  at  the  inside  of  the  walls  and 
■dry  them  as  rapidly  as  it  does  the  outside.  Corruga- 
tions must  not  be  too  thin  and  deep,  or  cracking  takes 
place  due  to  too  abrupt  a  difference  in  thickness  of  sec- 
tion. 

Finally  the  longer  the  tube,  and  the  smaller  its  dia- 
meter, the  more  difficulty  there  will  be  in  drying  and 
firing  without  warping.  Then  too,  such  a  tube  is  diffi- 
cult and  costl_v  to  place  in  the  kiln.  If  too  long  to  stand 
-on  its  base,  it  must  be  hung  from  a  shoulder  in  case 
;there  is  any,  or  by  some  other  method.  As  a  result  there 
is  a  fairly  certain  loss  of  a  portion  of  the  tubes,  due  to 
warping  during  the  burn. 

If  the  ware  is  to  be  cast,  the  designer  has  more  lee- 
way as  to  shape,  since  the  molds  are  usually  in  sections. 
Fig.  4  gives  a  good  idea  of  this.  Here  the  main  mold  is 
in  two  halves,  with  a  bottom  piece  and  a  core.  This 
being  the  case  it  is  readily  seen  that  the  outer  surface 
need  have  no  draft  or  slope,  for  instead  of  the  insulator 
being  dropped  out  of  the  mold,  here  the  mold  is  taken 
away  from  the  insulator.  In  case  a  core  is  used  to 
form  a  hole  in  the  center  of  the  insulator,  the  more 
draft  the  better. 

As  the  clay  body  goes  into  the  mold  in  a  liquid 
condition,  and  usually  contains  more  water  than  an 
equal  volume  of  jigger  clay,  the  shrinkage  is  greater, 
and  care  must  be  exercised  that  corrugations  or 
shoulders  are  not  abrupt,  or  else  the  shrinkage  will 
cause  cracking  before  the  mold  can  be  removed.  Once 
out  of  the  mold,  the  drying  and  subsequent  processes 
are  exactly  the  same  as  in  the  case  of  the  jiggered  ware 
and  the  same  factors  enter. 

Since  the  dry  process  is  radically  different  in  its 
method  of  forming,  the  factors  governing  design  are 
modified  more  or  less  all  along  the  line.  It  w'ill  be  re- 
membered that  the  moisture  content  is  low  to  begin 
with,  aproximately  half  of  that  of  the  jiggered  ware, 
and  the  structure  is  more  open  and  granular.  A  dry 
press  machine  is  shown  in  operation  in  Fig.  5.  The 
resemblance  to  the  old  fashioned  printing  press  will  be 
noted.  Fig.  6  shows  the  two-piece  die  and  a  piece  of 
burned  ware  formed  by  it.  One  part  of  the  die  is  fixed 
in  the  lower  part  of  the  press.     The  other  part  is  at- 


tached to  a  threaded  bar  and  travels  in  a  straight  up- 
and-down  motion  as  the  bar  is  turned  round. 

It  follows  then,  that  the  most  effective  pressure 
is  the  straight  downward  thrust,  and  hence  any  part  of 
a  piece  which  must  be  filled  and  packed  by  a  lateral  or 
angular  thrust  of  the  clay  will  be  less  compact  in  struc- 
ture than  that  receiving  the  full  down  pressure.  The 
designer  must  keep  this  fact  before  him  constantly. 
Every  hole,  ever}-  projection  must  be  studied  from  this 
angle.  If  all  the  rods  for  forming  the  holes  can  be 
put  in  vertically,  well  and  good.  All  that  is  necessary 
then  is  to  see  that  there  is  a  slight  draft  to  the  rods  so 
that  the  piece  will  lift  out  easily.  In  this  case  the  ware 
will  lift  out  with  a  single  motion  on  the  part  of  the 
workman. 

If  however,  rods  must  run  horizontally,  trouble 
from  cracking  is  likely,  due  to  diif'erent  rates  of  shrink- 
ing, since  one  part  of  the  mass  is  more  compact  than  the 
other.  The  clay  above  the  rod  and  at  the  sides  receives 
the  direct  pressure.  Under  the  rods,  however,  the  clav 
must  flow  in  from  the  sides  and  be  compacted  by  side 
thrust.  Besides  this,  the  operation  is  more  costly,  smce 
the  operator  must  slip  these  rods  in  place  to  start  with, 
and  then  after  forming  the  ware,  slip  them  out  before 
the  piece  can  be  lifted  clear  of  the  die. 

Once  formed,  the  piece  will  generally  stand  a  little 
rougher  treatment  in  the  subsequent  processes  than 
jiggered  ware  of  like  weight,  because  of  the  lower  water 
content  and  more  open  structure.  Of  course  the  sud- 
den thickening  of  a  section  is  to  be  avoided,  although  it 
does  not  cause  so  much  trouble  as  with  the  wet  pro- 
cess. This  also  applies  to  sudden  change  of  direction. 
The  need  for  rounded  edges  and  corners  remains  as  in 
the  case  of  the  other  ware,  the  glaze  acting  the  same  in 
both  instances.  In  the  firing  of  dry  press  ware,  there  is 
generally  more  trouble  due  to  thin  flat  sections,  which 
are  liable  to  warp,  than  to  inadequate  setting  surface, 
owing  to  the  nature  of  the  ware  made  by  the  diy  pro- 
cess in  general. 

Considering  all  these  factors  which  play  a  part  in 
design  by  whatever  process,  one  factor  appears  of  much 
importance.  This  is  the  matter  of  thickness  of  section, 
or  rather  the  change  of  thickness  in  a  piece.  A  slight 
adjustment  here  or  there  will  usually  remedy  the  faults, 
but  an  abrupt  thickening  of  the  walls  of  an  insulator 
usually  means  trouble. 


Exoltntion  Clmj'acuorkiic^  of  AltornntDrs 


Q.  Graham 


THE  EFFECTS  of  load  and  power-factor  on  the 
excitation  required  by  alternators  of  various 
types,  and  the  relations  between  the  amount  of 
■excitation  and  some  of  the  other  characteristics  of  the 
machines,  are  not  always  fully  understood.  The  op- 
erating engineer  is  aware  that  the  amount  of  excitation 
current  '•equired  depends  largely  upon  the  power-factor 
of  the  load,  but  he  may  not  have  a  definite  idea  of  the 
relative  effects  of  changes  in  k.v.a.,  and  in  power-fac- 


tor. W'hen  it  is  considered  that  the  maximum  load  that 
the  machine  can  carrj-  is  quite  often  fixed  by  the  upper 
limit  of  excitation,  it  is  obvious  that  a  knowledge  of 
excitation  characteristics  is  important. 

The  characteristics  of  four  classes  of  generators 
will  be  considered  : — ■ 

I — Small  belt-driven  generators  ranging  in  capacity 
from  2,7  k.v.a.  at  1200  r.p.m.  to  300  k.v.a.  at  600  r.p.m. 
These  machines  have  a   fairly  high  degree  of  satura- 
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tion,  and  are  designed  with  a  short-circuit  ratio  (ratio 
of  field  current  at  no-load  and  normal  voltage  to  field 
current  necessary  to  circidate  full-load  current  on  short- 
circuit)  of  from  0.95  to  I.I.  They  have  reactances 
varying  from  10  to  15  percent. 

2 — Engine-driven  generators  ranging  from  100  to 
1500  k.v.a.,  at  speeds  between  100  and  300  r.p.m.  The 
machines  in  this  class  have  less  saturation  than  those 
in  class  i.  They  have  short-circuit  ratios  between  1.15 
and  1.25  and  reactances  of  from  20  to  25  percent. 

3 — Moderate-speed  water-wheel  driven  generators 
from  150  to  6000  k.v.a.  with  a  range  of  speeds  from 
300  to  720  r.p.m.  The  saturation  curves  of  these  ma- 
chines show  more  bend  than  the  engine  type  machines 
in  class  2,  but  not  so  much  as  the  small  belted  type 
generators.  They  are  designed  with  short-circuit  ratios 
between  i.o  and  1.2,  and  have  reactances  of  from  16  to 
20  percent. 

4 — Turbogenerators  of  from  500  to  20000  k.v.a. 
and  at  speeds  of  from  1500  to  3600  r.p.m.  The  aver- 
age saturation  curves  for  these  machines  have  less  bend 
than  those  of  any  of  the  other  clas.ses.  The  short- 
circuit  ratios  are  between  i.o  and  1.2  and  the  react- 
ances vary  from  6  to  12  percent. 
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FIG.    I — INCRE.\SE   IN    EXCITING   CURRENT   WITH    DECREASED 
POVVER-F.'\CTOR 

\\  ith  k.v.a.  output  constaut  at  full  load.  The  numbers  on 
the  curves  correspond  to  the  four  classes  of  generators  de- 
scribed. 

All  of  the  generators  in  tiiese  four  classes  have 
single   maximum    ratings   at   80   percent   power-factor. 

i;ffi;cts  of  lo/\d  anm)  po\vf!;-factor 

For  a  constant  k.v.a.  output,  the  field  current  must 
be  adjusted  for  each  different  power-factor  and  a  given 
change  in  power-factor  re(|uires  a  greater  change  in 
field  current  at  high  power-factors  than  at  low  power- 
factors.*  Fig.  I  shows  the  relation  between  power- 
factor  and  percentage  field  current  from  unity  power- 
factor  to  zero  percent  power-factor  for  the  classes  of 
machines  discussed.  Cur\e  4,  for  example,  shows 
that  a  change  from  100  to  90  percent  lagging  power- 
factor  requires  an  increase  in  field  current  of  20  per- 
cent, while  a  further  decrease  in  power-factor  to  80 
percent,  requires  an  additional  increase  in  excitation 
of  only  seven  percent.  These  curves  have  been  ob- 
tained  from  tests  on  a  large  number  of  machines  and 


give  average  values  for  the  several  classes  of  generators 
represented.  Individual  generators  vary  from  these 
curves,  the  variation  depending  upon  design  propor- 
lions.  The  shapes  of  the  curves  will  approximate  these- 
shown  in  Fig.  i,  although  the  absolute  values  may  vary 
from  the  average  shown. 

The  relation  between  k.v.a.  and  percent  field  cur- 
rent at  constant  power  factors,  is  shown  in  Fig.  2,  the 
curves  for  100  and  80  jiercent  power-factor  for  all  four 
classes  of  machines  being  shown  as  an  illustration, 
though  curves  for  any  other  power-factor  could  nave 
been  used.  In  fact,  it  is  possible  to  approximate  the 
curves  for  any  other  power-factor  by  making  use  of 
Fig.  I.  For  example,  if  the  curve  for  60  percent 
power-factor  is  desired  for  a  machine  say  in  class  2, 
reference  to  Fig.  i  shows  that  at  60  percent  power-fac- 
tor and  full  load  k.v.a.  the  excitation  is  150  percent  of 
its  value  at  100  percent  power-factor  and  full  k.v.a. 
Fig.  2  shows  that  under  this  latter  condition  the  ex- 
citation is  139  percent  of  no-load  excitation.  Then  139 
percent  multiplied  by  1.50  gives  208  as  the  percent  of 
no-load  excitation  that  is  required  for  full  load  k.v.a.. 
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*The  theory  of  alternator  excitation  and  the  effects  of 
changes  in  load  and  power- factor  have  been  explained  in  detail 
in  an  article  entitled  "Variations  of  Alternator  Excitation  with 
Load,  by  Mr.  F.  D.  Newbury  in  the  Journal  for  July  1018 
P-  253.  .»    J'     y    . 


FIG.    2— INCREASE   IN   EXCITING   CURRENT    WITH    LOAD    AT   CONSTANT 
POWER-FACTOR 

al  60  percent  power-factor.  This  v.".Iue  plotted  on  Fig. 
2  gives  point  . /.  If  a  curve  which  follows  the  curva- 
ture of  the  80  percent  power-factor  curves  be  drawn 
from  this  point  to  the  origin  it  will  be  verv  nearK'  as- 
accurate  as  if  it  had  been  worked  up  from  the  origmal 
test  data.  In  a  similar  manner,  the  curves  for  any 
other  power-factor  could  be  drawn  with  a  fair  degree 
of  accuracy.  It  will  be  seen  tliat  the  curves  for  the 
lower  power-factors  are  much  the  steeper,  which  is 
s;mply  another  way  of  saying  that  the  range  of  excita- 
tion is  greater  with  low  power- factor  loads  than  \\\\\\ 
loads  of  high  power-factor.  In  comparing  these  curves 
with  those  in  Fig.  i,  it  must  be  remembered  that  in  one 
case  the  percentage  is  based  on  the  field  current  for  no 
load,  while  in  the  other  it  is  based  on  the  field  current 
for  full  k.v.a.  and  100  percent  power- factor. 

The  curves  given  in  Figs,  i  and  2  apply  to  the 
average  of  the  machines  in  the  classes  which  they  re- 
present. The  reasons  for  the  differences  between  these 
classes  of  machines  may  be  given  in  a  general  way, 
although  they  cannot  readily  be  stated  exactly  or 
definitely,    since   such   a   large   number   of   factors   are 
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involved.  The  ratio  of  the  armature  ampere-turns  to 
the  field  ampere-turns,  the  length  of  air-gap,  the  per- 
cent reactance,  the  degree  of  saturation,  and  other  fea- 
tures which  are  of  interest  mainly  to  the  designer,  all 
affect  the  excitation  characteristics  of  the  generator. 
For  example,  a  machine  having  a  small  air-gap,  and 
consequently  a  large  ratio  of  armature  ampere-turns 
to  field  ampere-turns,  requires  a  small  amount  of  ex- 
citation at  no  load.  But  for  a  given  load  current  in 
the  armature  the  increase  in  excitation  is  the  same  as 
if  the  machine  had  a  larger  air-gap,  so  the  percentage 
increase  is  greater.  The  length  of  air-gap  used  is  de- 
pendent, to  a  great  extent,  upon  other  considerations, 
such  as  mechanical  clearances  and  pole- face  losses,  and 
these  are  affected  by  the  size,  speed  and  type  of  con- 
struction. The  increase  in  field  current  is  affected 
largely  by  the  reactance,  being  greater  in  high  reactance 
than  in  low  reactance  machines.  The  reactance  itself 
varies  from  six  to  eight  percent  in  high  speed  turbo- 
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FIG.   3 — VOLTAGE  DROP  ACROSS   THE   FIELDS    AT  DIFFERENT 
TEMPERATURES 

generators  to  25  to  30  percent  in  some  of  the  slow-speed 
engine-type  machines.  For  any  given  type  and  speed 
of  machine,  the  reactance  varies  considerably,  depend- 
ing upon  the  shape  of  the  slots  and  coils,  the  relative 
amounts  of  copper  and  iron  in  the  machine  and  other 
features  of  design.  The  degree  of  saturation  of  the 
generator  also  has  an  effect  upon  tlie  necessary  inert- ase 
of  excitation  with  load ;  a  highly  saturated  machine  re- 
quires a  greater  increase  in  field  current.  In  fact,  there 
are  so  many  factors  affecting  the  excitation  charac'.er- 
istics  that  no  one  set  of  curves  can  be  made  applicable 
to  all  machines.  The  best  that  can  be  done  is  to  gi\e 
curves  and  data  l)ased  on  the  average  of  a  number  of 
actual  machines. 

MAXIMUM    LOAD  AS   LIMITKD   BY   FIELD 

A  knowledge  of  the  field  current  required  for  any 
load  and  power-factor  is  of  practical  importance  finly 
in  so  far  as  it  aids  in  determming  the  corresponding 
field  temperature  rise,  the  collector  ring  voltage  or  the 
exciter  capacity,  an\   of  which  may  limit  the  maximum 


load  of  the  generator.  The  field  temperature  rise, 
which  is  roughly  proportional  to  the  PR  loss  in  the 
field  winding,  is  not  usually  the  limiting  feature.  This 
is  true  more  particularly  with  the  larger  engine-type 
and  water-wheel  driven  generators  having  strap- 
wound  field  coils  and  asbestos  insulation,  and  with 
turbogenerators,  the  fields  of  which  are  mica-insulated 
and  practically  indestructible. 

The  voltage  required  at  the  field  collector  rings  is 
quite  often  the  limit  to  the  capacity  of  the  generator  on 
account  of  the  very  definite  limit  to  exciter  voliige 
which  exists  in  many  stations.  If  the  load  becomes 
such  that  the  fields  require  a  higher  voltage  than  is 
available,  it  will  be  impossible  to  maintain  a  constant 
voltage  at  the  alternating-current  busses.  It  must  be 
realized  that,  as  the  field  temperature  is  increased,  due 
to  higher  current,  there  is  a  corresponding  increase,  in 
field  resistance.  With  the  field  excited  for  full  load, 
the  field  winding  resistance  may  be  as  much  as  30  or 
40  percent  higher  than  its  cold  resistance.  A  higher 
voltage  is  thus  required  both  because  the  current  is 
higher  and  because  there  is  an  increase  in  resistance 
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FIG.    4 — EFFECT  OF  POWER-FACTOR   ON   THE   K.V.A.   OUTPUT 

As  limited  by  the  temperature  of  the  field,  with  constant 
field  current. 

which  accompanies  the  higher  current.  In  Fig.  3  is 
shown  the  relation  between  field  current  and  field  volt- 
age, based  on  a  60  and  on  a  100  degrees  C.  rise  at 
full-load  field  current.  These  curves  illustrate  the  fact 
that  the  required  field  voltage  increases  with  surprising 
rapidity  when  the  generator  is  excited  above  its  normal 
amount.  For  examine,  the  curve  based  on  too  deg'ees 
C.  rise,  at  full  Innd,  shows  that  for  an  increase  of  20 
percent  above  full-load  field  amperes,  the  field  voliage 
must  be  increased  from  100  to  145  percent.  With  a 
field  having  a  60  degrees  C.  rise  normally,  the  inciease 
in  voltage  is  from  100  to  133  percent.  In  either  case, 
the  required  increase  in  voltage  is  greater  than  can  be 
obtained  from  most  exciters,  assuming  that  normal  ex- 
citer voltage  is  re(|uired  by  the  fields  at  100  percent 
field  current. 

ClIANGI':  OF   KATINC.   WITH    POWMR-FACTOU 

In  Fig.  4  is  shown  the  eft'ect  of  power-factor  on 
the  k.v.a.  output  of  an  alternator  as  limited  by  the  field. 
It  is  assumed  that  the  machine  is  rated  at  80  peicent 
power-factor  and  that  the  field  current  at  this  power- 
factor  and  full  load  k.v.a.  is  the  maximum  that  can  be 
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used.  Then  if  the  machine  is  to  be  operated  at  some 
other  power- factor,  its  rating,  as  determined  by  the 
field,  is  that  shown  by  Fig.  4.  The  part  of  the  curve 
above  100  percent  k.v.a.  is  dotted  since  the  machine 
could  not  be  operated  at  these  higher  armature  cur- 
rents in  all  cases,  if  it  were  a  maximum  rated  machine. 
The  curve  simply  shows  the  possible  rating  as  deter- 
mined by  the  field  only.  •  While  this  curve  will  not  fit 
every  case,  it  represents  the  average  of  a  large  number 
of  modern  80  percent  power-factor  generators,  and  may 
be  taken  as  a  fairly  close  indication  of  the  reduction 
in  rating  which  must  follow  a  reduction  of  power- 
factor.  If  a  decrease  in  rating  is  desired,  based  on  a 
higher  initial  power-factor,  this  can  be  calculated,  us- 
ing the  value  for  the  desired  initial  power-factor  in- 
dicated by  the  dotted  part  of  the  curve  as  lOO  percent 
rating ;  but  it  should  be  remembered  that  the  percent- 
age decrease  in  rating  will  usually  be  somewhat  greater 
than  so  determined  in  generators  actually  designed  for 
the  higher  power-factor.  This  is  due  to  the  fact  that 
generators  designed  for  operation  at  high  power-factors 

may  safely  be  de- 
signed with  lower 
short  -  circuit  ratio 
and  with  greater 
saturation  than 
normally  used  in 
generators  designed 
for  80  percent  pow- 
er factor  operation. 

PRACTICAL 
PROBLEMS 

The  use  of  the 
curves  here  given 
may  be  illustrated  by  means  of  a  few  practical  problems. 
I — Voltage  regulators  of  some  types  can  handle 
•osly  a  limited  range  in  exciting  voltage.  What  is  the 
total  range  in  exciting  voltage  from  no  load  to  rated 
load,  80  percent  power-factor  in  (a)  a  turbogenerator 
with  100  degrees  C.  rise;  (b)  a  water-wheel  generator 
with  60  degrees  C.  rise? 

From  Fig.  2,  the  range  of  field  current  for  a  turbo- 
generator rated  at  80  percent  power-factor  is  from  100 
to  186  percent.  Changing  these  figures  in  order  to 
use  full-load  field  amperes  as  the  basis  for  the  percent- 
ages, the  total  range  becomes  100  percent  as  a  maximum 
to  100  -^  186  or  54  percent  as  a  minimum.  Fig.  3 
shows  that  with  this  range  of  current  the  voltage  range 
is  from  100  to  42  percent.  Similarly,  for  a  water-wheel 
generator.  Fig.  2  shows  the  range  of  field  current  to  be 
from  100  to  193  percent.  With  the  change  of  b.-)sis 
for  the  percentages  this  range  becomes  100  to  51  per- 
<:ent,  and  from  Fig.  3,  using  the  curve  for  60  degrees 
C.  rise,  the  voltage  range  is  found  to  be  from  100  to 
44  percent. 

2 — If  the  field  current  and  field  voltage  at  rated 
load,  80  percent  power-factor  of  a  turbogenerator  are 
known,  what  will  be  the  field  current  and  field  voltage 
at  same  k.v.a.  load,  but  60  percent  power- factor? 
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From  Fig.  i,  the  field  current  at  80  percent 
power-factor  is  129  percent  and  at  60  percent  pov/er- 
factor  it  is  137  percent.  The  60  percent  power-factor 
excitation  is  therefore  6  percent  greater  than  the  80 
percent  power-factor  excitation.  If  ^e  temperature  at 
full  load,  80  percent  power-factor  is  100  degrees,  the 
increase  in  voltage  at  6  percent  greater  current  will  be 
10  percent,  from  Fig.  3. 

3 — Due  to  a  breakdown  of  one  of  the  exciters  in  a 
power  station,  the  available  exciting  current  for  each 
machine  is  limited  to  75  percent  of  normal.  With  this 
limited  supply  of  excitation,  what  is  the  maximum 
k.v.a.  which  can  be  carried  by  an  engine-type  gener- 
ator at  its  rated  power-factor  of  80  percent?  What 
is  the  lowest  power-factor  load,  at  rated  k.v.a.,  that 
can  be  carried? 

Referring  to  Fig.  2,  the  exciting  current  at  full- 
load  80  percent  power-factor  is  190  percent  of  the  no- 
load  value.  The  available  current  is  75  percent  of  190 
percent,  which  is  142  percent.  The  k.v.a. .  correspond- 
ing to  142  percent  field  current  is  52  percent  of  rated 
k.v.a.  The  second  part  of  the  problem  is  solved  by 
means  of  Fig.  i,  curve  2  which  shows  that  the  excita- 
tion for  rated  k.v.a.,  80  percent  power-factor,  is  137 
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percent,  based  on  100  percent  power-factor  excitation. 
Then,  75  percent  of  137  percent  is  103  percent,  the 
available  excitation.  The  power-factor  corresponding 
to  103  percent  is  practically  100  percent,  which  means 
that  if  rated  k.v.a.  is  to  be  carried  at  the  reduced  field 
current,  the  power-factor  of  the  load  must  be  100  per- 
cent. 

4 — If  a  generator  is  designed  for  90  percent 
power-factor  at  rated  load,  what  percentage  of  its  rated 
capacity  can  it  carry  with  the  same  field  current  and 
voltage  at  60  percent  power- factor? 

The  curve  in  Fig.  4  is  drawn  for  a  machine  rated 
at  80  percent  power- factor,  but  may  be  used  for  this 
problem  also.  The  percent  k.v.a.  at  90  percent  power- 
factor  is  116,  and  at  60  percent  power- factor  is  87. 
Since  87  is  75  percent  of  116,  the  machine  will  carry 
75  percent  of  its  rated  capacity. 

5 — A  synchronous  motor  is  designed  for  operation 
at  80  percent  power-factor.  What  percentage  of  its 
rated  capacity  can  it  carry  as  a  synchronous  condenser 
at  zero  percent  power-factor,  over-excited? 

This  can  be  taken  directly  from  Fig.  4  which 
shows  that  75  percent  of  rated  k.v.a.  at  zero  power- 
factor  can  be  carried  with  the  same  field  excitation. 

6 — Two  turbogenerators  are  operating  in  parallel, 
each  carrying  50  percent  of  rated  k.v.a.  at  80  percent 
power-factor.     By  adjusting  the  governors  of  the  tur- 
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bines  and  the  field  rheostats  of  the  generators  one  ma- 
chine can  be  made  to  carry  all  the  energ)'  load  and  the 
other  to  carry  all  the  reactive,  or  wattless,  k.v.a.  Un- 
der these  conditions,  will  the  total  exciting  current  of 
the  two  machines  be  greater  or  less  than  under  the 
I)resent  conditions? 

Since  each  machine  carries  50  percent  of  rated 
k.v.a.  at  80  percent  power-factor,  the  total  load  is  100 
percent  of  the  rated  capacity  of  one  machine  at  80 
percent  power-factor.  This  load  has  an  energy  com- 
ponent of  80  percent  of  rated  k.  v.  a.,  which  is  to  be 
carried  by  one  generator,  and  a  reactive  component  of 
60  percent  of  rated  k.v.a.,  which  is  to  be  the  load  of  the 
other  generator.  The  field  current  for  80  percen'  of 
rated  k.v.a.  at  too  percent  power-factor  is  132  percent 
of  no-load  excitation,  according  to  the  1  curve  for 
turbogenerators  in  Fig.  2.  To  obtain  the  excitation  of 
the  machine  that  carries  the  reactive  load,  it  is  neces- 
sary to  establish  a  curve  for  zero  percent  pow-er-fac- 
tor  similar  to  those  in  Fig.  2.  From  Fig.  i,  the  exci- 
tation for  rated  k.v.a.  zero  percent  power-factc"  is 
found  to  be  146  percent  of  the  excitation  for  100  per- 
cent power- factor.  Fig.  2  shows  the  100  percent  power- 
factor  excitation  at  rated  k.v.a.  to  be  146  percent  of 
no-load  excitation.  Then  146  percent  of  146  pet  cent 
gives  213  percent  as  the  excitation  for  rated  k.v.a. 
zero  percent  power-factor,  expressed  as  a  percentage 
of  no-load  excitation.  This  value  is  plotted 'in  Fig.  2, 
giving  the  point  B,  and  an  approximate  curve  is  drawn. 
From  this  curve,  the  excitation  at  60  percent  of  rnted 
load  is  found  to  be  162'  percent.  Adding  this  to  the 
132  percent,  which  was  obtained  for  the  other  machine, 
the  total  for  the  two  machines  is  found  to  be  294  per- 
cent, lender  the  original  conditions,  with  each  ma- 
chine carrying  30  percent  k.v.a.  at  80  percent  power- 
factor,  the  excitation  for  each  machine  is  138  percent, 
from  Fig.  2,  and  the  total  for  the  two  machines  is  276 
percent.  The  total  excitation  is  greater,  therefore,  un- 
der the  proposed  condition  than  under  the  oriijinal 
condition. 

PERCENTAGE  EXCITER  CAPACITY 

The  percentage  relation  between  exciter  capacity 
and  generator  rating  varies  widely  with  machines  of 
dififcrent  speeds  and  design  proportions.  In  alterna- 
tors of  the  same  design  proportions,  the  percentage  ex- 
citing kw  is  smaller  with  high-speed  than  with  low- 
speed  machines,  and  smaller  with  large  capacity  than 
witli  small  capacity  units.  The  curves  in  Figs.  5  and  6 
show  the  influence  ol  speed  and  capacity  on  the  re-' 
quired  excitation  capacity  of  different  types  of  alter- 
nators. The  curves  show  average  conditions  only  and 
should  be  considered  approximate  in  any  particular 
case. 

In  comparing  two  machines  of  the  same  rating,  it 
may  be  found  that  the  exciter  capacities  required  are 
quite  different.  The  two  machines  may  require  the 
same  excitation  at  no-load,  but  if  one  is  designed  with 
relatively  few  armature  conductors,  and  the  other  with 
a  larger  number  of  conductors,  their  full-load  field  cur- 
rents  will   be  quite   different.     The   machine   with   the 


smaller  number  of  conductors  will  have  less  increase 
due  to  its  lower  values  of  reactance  and  armature  re- 
action. However,  this  machine  will  require  a  larger 
Hux  in  order  to  generate  the  same  voltage  as  the  ma- 
chine w  ith  the  greater  number  of  armature  conductors, 
and  to  accommodate  this  flux  a  larger  core  section  will 
be  required.  Thus,  the  machine  having  the  smaller  ex- 
citer will  be  the  larger  and  heavier  machine.  While 
this  means  a  more  expensive  design,  the  difference  in 
cost  is  not  to  be  judged  directly  by  the  difference  in 
weight.  The  small  flux,  or  light  weight  machine  neces- 
sarily has  a  higher  ratio  of  copper  weight  to  total 
weight.  Exciter  capacity  of  alternative  designs  should, 
therefore,  be  judged  only  when  consideration  is  given 
to  the  other  related  features.  The  tendency  in  gen- 
erator design  is  to  increase  the  percentage  excitation, 
this  being  the  result  of  higher  armature  reactance  and 
reaction,  and  to  build  lighter  weight  and  less  costly  ma- 
chines. 

CHOICE    OF   EXCITER   VOLTAGE 

The  choice  of  exciter  voltage,  whether  250  or  125 
volts,  is  not  a  matter  of  great  importance  in  the  ma- 
jority of  cases.  Usually  the  machine  can  be  designed 
for  either  voltage,  and  the  decision  is  based  on  the 
greatest  convenience  to  the  purchaser,  though  the 
larger  number  of  alternators  use  the  lower  of  the  1wo 
standard  voltages.  There  are  some  cases,  how'ever,  in 
which  it  is  more  desirable  to  use  one  than  the  other.  A 
given  machine  requires  a  certain  kw  excitation  regard- 
less of  the  voltage,  so  that  with  the  higher  of  the  two 
voltages  a  lower  current  is  required,  and  consequently 
a  smaller  size  of  conductor  is  used  for  the  field  coils. 
In  machines  of  small  capacity,  this  may  result  in  a  wire 
of  such  small  cross-section  and  a  coil  of  such  a  1-jrge 
number  of  turns  that  a  large  amount  of  the  coiL  space 
IS  taken  up  by  insulation.  This  is  an  uneconomical  use 
of  the  space  and  gives  a  coil  which  is  unable  to  dissi- 
pate heat  rapidly.  Trouble  may  also  be  experienced,  in 
high-speed  machines,  in  supporting  the  coil  properly 
against  centrifugal  force.  In  such  a  case,  the  use  of 
250  volts  may  be  a  real  handicap.  With  125  volt  exci- 
tation, the  coil  would  have  fewer  turns  of  larger  wire, 
which  w^ould  be  more  economical  in  its  use  of  space, 
would  be  cheaper  to  build,  and,  due  to  the  stiffness  of 
the  wire,  would  have  less  tendency  to  lose  its  shape. 
Small  turbogenerators,  or  other  machines  on  which  it 
is  desired  to  use  copper  strap  bent  on  edge  for  the 
field  coils,  also  have- a  lower  limit  for  250  volt  exci- 
tation on  account  of  the  trouble  experienced  in  bending 
the  thin  straps  to  the  proper  shape. 

In    some   of   the   very   large   turbogenerators,    the 
other  limit  is  reached.     That  is,  if  125  volt  excitation 
is  used,  the  current  becomes  so  large  that  difficulties, 
in  current  collection  are  encountered.     In  order  to  ac- 
commodate   a  large    current    it    becomes    necessary    to  ■ 
equip   the   machine   with   heavy   collector   rings   and   a 
large  number  of   brushes,   which   means   an   increased 
length  of    machine,    as    well    as    a    possible    source    of 
trouble.     In  machines  of  this  class,  250  volt  excitation? 
is  more  satisfactory. 
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Electrical  Jisjiupmcni  /or  t)il  Vyalls  ^ 

H.  D.  James  and  W.  L.  Hartzell 

OIL  is  used  extensively  today  in  industrial  estab-  expressed  at  first  as  to  the  feasibility  of  this  drive.  It 
lishments  and  has  entered  into  many  phases  of  is  dependent  upon  central  station  power  for  its  economic 
every  day  life.  Next  to  coal,  it  is  our  principal  operation  and  it  is  not  probable  that  any  considerable 
source  of  power.  Alany  of  our  battleships  and  rner-  development  will  take  place  in  fields  which  are  not  ad- 
chant  vessels,  and  railway  locomotives,  use  oil  for  fuel  jacent  to  large  central  station  lines.  In  southern  Cali- 
instead  of  coal.     During  1917,  the  production  of  crude  fornia,  due  to  the  far-sighted  policy  of  two  of  the  large 


oil  in  the  United  States  exceeded  340000000  barrels, 
which  was  worth  nearly  one  billion  dollars.  After  the 
oil  was  refined,  it  represented  a  much  higher  value. 
This  production  in  the  I'nited  States  amounted  tc  65 


power  companies,  this  development  has  been  carried 
forward  rapidly.  The  power  company  supplies  the 
high  tension  service  to  a  centrally  located  substation 
where  outdoor-type  transformers  step  down  the  power 


percent  of  the  world's  total  production  of  crude  oil.  to  the  low-voltage  distributing  system.  The  electric 
The  distribution  of  oil  wells  in  the  United  States  may  meters  are  located  at  this  substation  and  the  distribu- 
be  divided  broadlv  into  five  fields  as  follows : — 


FIG.    I — A    TR.WSFOUMER    SUB-STATION    IN    AN   OIL   FIELD 

With  derricks  in  the  background. 

I — Eastern  or  Appalachian  Field — These  oils  are  generally 
of  the  paraffin  base  and  are  large  producers  of  gasoline  and 
lubricating  oil.  The  wells  are  gaseous  and  gas  engines  are 
extensively  used  for  pumping. 

3— The  Mid-Continental  Field,  including  Kansas,  Oklahoma 
and  Northern  Texas — This  field  produces  oils  having  both 
paraffin  and  asphaltum  bases.  In  this  field,  there  are  about 
400  wells  operated  by  electric  motors  and  in  the  neighborhood 
of   1000  new  wells  are  being  equipped  with  electric  drive. 

.  Z—Eoiiisiana  and  South  Texas — These  oils  are  principally 
of  the  asphaltum  base.  The  electric  drive  is  just  being  intro- 
duced; and  100  new  wells  will  be  equipped  in  the  near  future. 

4— Colorado  and  Wyoming  Field~Thh  field  produces  oil 
with  a  paraffin  base.  It  is  a  new  field  and  the  development  has 
been  retarded  by  lack  of  material  during  the  war. 

5— California  Field—The  oil  in  this  field  has  an  asphaltum 
base  and  the  pumping  has  been  done  bv  burning  it  under  boilers 
to  produce  steam.  This  was  verv  uneconomical  and  the  elec- 
tric drive  has  found  its  widest  application  here,  there  being 
now  something  over  2000  wells  equipped  with  electric  motors 
obtaining  power   from  hydroelectric  plants. 

The   introduction   of   electrical   equipment    for  oil 
wells  has  been  gradual,  and  there  was  much  skepticism 


FIC.    2 — AX    OIL    WELL  EQUIPMENT 

Showing  Stands  of  tubing  resting  against  the  side  of  a  derrick. 

tion  is  taken  care  of  by  the  owners  of  the  lease.  In 
addition  to  pumping  and  pulling  the  wells,  electric 
power  is  available  for  operating  the  machine  shops, 
pumping  stations,  dehydrating  plants,  and  for  welding 
the  pipe  joints  for  pipe  lines.  It  also  furnishes  light 
where  required  and  can  be  made  of  general  service 
throughout  the  wliole  lease.  The  use  of  welded  joints 
on  pipe  lines  is  a  comparatively  recent  development  and 
is  rapidly  superseding  the  screw  joints,  where  electric 
power  is  available  for  welding  purposes.  Welded  joints 
remain  tight  and  materially  reduce  the  loss  from  leak- 
age. The  pipe  sections  can  readily  be  cut  apart  with 
the  electric  arc,  where  renewals  or  changes  are  required. 
When  an  electric  motor  is  applied  to  a  well,  it  must 
perform  two  functions;  namely,  pumping  and  pulling. 
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The  i)uinping  service  is  used  about  98  percent  of  the 
time.  With  the  pulHng  service  is  included  the  lifting 
and  lowering  of  tubing  and  tools,  the  cleaning  of  the 
well,  which  is  known  as  "swabbing",  "agitating",  bal- 
ing sand  and  other  general  work. 

PUMPING 

This  application  does  not  differ  in  any  essentials 
from  an  ordinary  pumping  installation,  as  far  as  the 
electrical  equipment  is  concerned.  For  the  shallower 
wells,  a  squirrel-cage  induction  motor  is  commonly  u?ed, 
operating  on  what  is  known  in  the  trade  as  "steel  pump- 
ing power."  This  rig  may  also  be  used  to  pump  water 
from  gas  wells.  The  motor  is  started  by  connecting  it 
directly  to  the  line,  as  only  a  small  motor  is  required. 


FIG.    3 — COMniNED    LINE    SWITCH    AND    OIL    CIRCUIT    BREAKER    WITH 
MAXIMUM    TORQUE   RELAY 

For  pumping  service,  the  primary  windings  of  the  mo- 
tor are  connected  in  star  and  are  protected  by  fuses. 

Where  the  oil  wells  are  shallow,  another  form  of 
pumping  power  is  sometimes  used,  known  as  a  "band 
wheel  power",  which  is  connected  to  a  number  of  wells, 
usually  from  15  to  20.  These  wells  are  grouped  to- 
gether and  pumped  by  means  of  pull  rods  running  from 
the  wells  to  the  "power".  By  balancing  one  well 
against  another,  the  pull  can  be  distributed  throughout 
the  revolution  of  the  band  wheel  and  a  remarkably 
snail  amount  of  torque  is  needed  for  operating  the 
pumps.  The  band  wheel  is  driven  by  a  wound-second- 
ary induction  motor,  so  that  the  speed  may  be  adjusted. 
When  properly  installed  and  connected  up,  the  opera- 
tion is  very  smooth  and  makes  an  ideal  application  for 
an  electric  motor. 


Deep  wells  are  ]Hiniped  by  individual  motors  of  the 
wound-secondary  type.  These  motors  are  started  by 
inserting  resistance  in  the  secondary  circuit.  The  prim- 
ary is  provided  with  low  voltage  protection  and  is  con- 
nected to  the  line  through  a  time  element  overload  relay. 

PULLING    SERVICE 

Under  pulling  service  are  included  numerous  mis- 
cellaneous   operations.     The    principal    function,    how- 


FIG.   4 — CONTROLLER    FOR    MOTOR    PRIMARY    AND    SECONDARY 

This  controller  is  made  up  o£  cam  contactors  operated  by 
a  sheave  wheel.  The  contactors  are  mounted  in  a  self-con- 
tained case  similar  to  a  drum  controller. 

ever,  is  to  pull  the  tubing  out  of  the  well  and  replace  it. 
It  is  necessary  to  pull  the  tubing  in  order  to  clean  out 
the  well,  when  it  becomes  clogged  with  sand,  or  a  new 
working  barrel  installed.  During  this  time,  the  well  is 
not  producing  oil  and  there  is  a  direct  loss  of  produc- 
tion. Furthermore,  since  oil  is  of  a  migratory  nature, 
the  operators  feel  that  they  are  actually  losing  the  oil 
which  they  do  not  pump.  It  is  therefore  desirable  to 
reduce  this  inactive  period  as  much  as  possible. 


FIG.    5 — TWO-SPEED  WOUND-SECONDARY   INDUCTION   MOTOR 

The  time  required  for  pulling  the  tubing  and  clean- 
ing is  proportional  to  the  depth  of  the  well.  For  shal- 
low wells,  which  are  pumped  by  squirrel  cage  motors, 
the  pulling  is  effected  by  erecting  an  A-shaped  derrick 
above  the  well  and  pulling  the  pipe  out  in  short  sections. 
The  pumping  motor  can  be  used  and  the  extra  torque 
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for  pulling  purposes  obtained  by  connecting  the  prim- 
ary windings  in  delta.  The  motor  is  coupled  to  a 
hoisting  drum  by  means  of  a  clutch.  Pulling  service 
requires  a  reversal  of  the  motor,  which  is  obtained  by 
the  use  of  a  small  drum  reverse  switch.  The  motor  is 
connected  to  the  line  by  moving  the  drum  switch  to 
either  the  forward  or  reverse  directions. 


(  )ften  this  agitating  will  make  it  unnecessary  to  pull  the 
tubing.  It  takes  only  a  few  minutes  and  may  effect  a 
considerable  reduction  in  the  idle  period  of  the  well. 

The  control  of  the  squirrel  cage  motor  present?  no 
particular  features.  The  windings  of  the  motor  are 
connected  to  a  knife  switch  mounted  on  the  motor 
frame,  or  other  convenient  location,  for  giving  either 


FIG.   6 — MAXIMUM    TORQUE    SWITCH 

Deep  wells,  having  a  standard  rig,  use  wound  sec- 
ondary motors,  with  the  primary  windings  connected  in 
star  for  pumping  and  in  delta  to  get  the  extra  torque  for 
pulling.  Usually  the  pulling  torque  is  from  three  to 
four  times  the  torque  required  for  normal  pumping.     A 


.  8  .\ND  9 — .\N  IXST.\LL.\TIOX  OF  \  TWO-SPEED,  WOUND-SECOND- 
ARY   INDUCTION    MOTOR    USED   FOR   PUMPING    AND    PULLING 

the  star  or  delta  connection.  The  motor  is  started  and 
stopped  or  reversed  by  a  small  drum  switch  which  con- 
nects the  primary  windings  directly  to  the  line.  The 
overload  protection  usually  consists  of  fuses,  the  fuses 
being  eliminated  during  the  pulling  period. 
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FIG.    7 — DIAGRAM    OF    CONNECTIO.N'S    FOR     A    WOUND-SECONDARY 
INDUCTION    MOTOR 

With    primary    connections    in    star    for    pumping    and    in 
delta  for  pulling. 

double-throw  switch  is  mounted  on  the  frame  of  the 
motor  which  changes  the  connections  from  star  to 
delta,  the  star  side  being  marked  "pumping"  and  ihe 
delta  side  "pulling".  Where  a  two  speed  motor  is  used, 
the  slow  speed  is  for  pumping  and  the  high  speed  for 
pulling.  The  pump  may  operate  for  short  interval-;  of 
time  from  the  high  speed  connections  for  "shaking  the 
well"  or  agitating  the  sand  at  the  bottom  of  the  v^ell. 
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FIG.    10 — DIAGRAM    OF    CONNECTIONS    FOR    WOUTTD-SECONDARY 
TWO-SPEED    INDUCTION    MOTOR 

The  slow  Speed  is  for  pumping  and  the  higher  speed  lor  pulling. 

The  control  for  the  wound  secondary  motor  has 
several  novel  features.  It  consists  of  a  combination 
line  switch  and  circuit  breaker,  a  controller  with  re- 
sistors to  vary  the  speed  of  the  motor,  and  a  maxiirum 
torque  switch.  This  switch  consists  of  a  three-pole 
double-throw  contact  member  mounted  in  a  case  wilh  a 
two-coil  overload  relay,  a  low  voltage  magnet  and  a 
maximum  torque  relay.     The  handle  can  be  locked  in 
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the  central  or  off  position  to  prevent  accidental  starting 
of  the  motor  in  case  work  is  being  done  on  the  ma- 
chinery. The  two  running  positions  of  the  handle  are 
marked  "pumping"  and  "pulling".  When  the  handle  is 
thrown  into  the  pumping  position,  it  is  held  in  this  posi- 
tion by  the  low  voltage  coil  and  the  overload  rela3's  are 
connected  in  series  with  two  legs  of  the  motor  circuit. 
In  case  of  overload  or  low  voltage,  the  handle  is  re- 
turned to  the  central  position  and  the  circuit  opened  at 
the  contacts.  When  the  handle  is  thrown  to  the  "pull- 
ing" position,  the  primary  of  the  motor  is  connected  di- 
rectly to  the  line  with  the  maximum  torque  relay  in 
series  with  one  of  the  motor  leads.  The  function  of 
this  relay  will  be  described  later.  The  secondary  of  the 
motor  is  connected  to  the  controller,  which  is  used  for 
short-circuiting  the  secondary  resistor.     Only  a  part  of 


used,  or  by  connecting  the  windings  to  give  half  the 
number  of  poles  where  the  two-speed  type  of  motor  is 
used.  At  the  same  time,  the  line  switch  is  closed  in  the 
imlling  position.  With  this  switch  in  the  pulling  position, 
a  maximum  torque  relay  replaces  the  overload  circuit 
breaker.  This  change  is  necessary  to  guard  against  an 
accident  during  the  pulling  process.  If  the  motor  be- 
comes overloaded  while  pulling  the  tubing,  instead  of 
opening  the  circuit  breaker  as  in  ordinary  service,  the 
maximum  torque  relay  will  lift,  operating  the  maximum 
torque  switch  which  inserts  the  proper  resistance  in  the 
motor  secondary  to  give  the  maximum  torque.  The 
load  applied  may  be  sufficient  to  stall  the  motor  when 
pulling,  but  the  motor  remains  connected  to  the  line  ex- 
erting its  maximum  torque  so  there  is  no  danger  of 
dropping  the  tubing.     If  the  motor  primary  were  dis- 
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HC.    II — DIAGRAM    OF    CONXIiCTIONS    FOR    A    WOUND-SECONDARY    IXDUCTION    MOTOR 

Equipped   with   an   auxiliary   controller   for   drilling.     The  motor  primary  is  connected  in  star  for  drilling  and  in  delta  for 
pulling.     The  main  controller  is  of  the  cam  contactor  design  and  the  small  auxiliary  controller  of  the  drum  type. 

this  resistor  is  connected  to  the  drum  controller,  one 
section  in  each  phase  being  connected  to  a  magnetic 
contactor,  known  as  the  "maximum  torque  switch". 
The  coil  of  this  switch  is  energized  by  the  second  point 
of  the  controller  and  remains  closed  during  normal  op- 
eration. 

For  pumping,  the  operation  of  the  motor  follows 
normal  practice.  The  primary  of  the  motor  is  con- 
nected to  the  line  through  the  two  overload  relay  coils 
and  is  provided  with  low  voltage  protection.  The  sec- 
ondary resistance  is  used  for  starting  and  for  regula- 
tion of  motor  speed  when  required. 

For  pulling  service,  the  double-throw  motor  switch 
connects  to  the  side  marked  "pulling".  This  connects 
the  windings  of  the  motor  to  give  the  high  horse-power 
rating,  either  by  changing  them  from  the  star  connec- 
tion to  delta  connection  where  a  single-speed  motor  is 


connected  from  the  line  on  overload,  the  tubing  might 
drop  down  into  the  well  at  a  high  velocity.  If  the 
brake  is  applied  and  is  successful  in  stopping  the  hoist- 
ing drum,  the  strain  set  up  may  be  severe  enough  to 
strip  the  tubing  apart  at  one  of  the  couplings  and  droi> 
a  section  to  the  bottom  of  the  well.  This  results  in  a 
long  and  tedious  "fishing"  process  during  which  t^me 
the  well  is  non-productive.  The  star  delta  arrangement 
of  primary  winding  is  shown  m  Fig.  7.  The  combined 
line  switch  and  circuit  breaker  is  connected  in  the  s:.me 
way,  but  only  one  set  of  slip  rings  is  required  for  the 
motor  secondary. 

DRILLING   SERVICE 

Where  electric  power  is  available,  new  wells  are 
drilled  with  an  electrical  equipment.  The  drilling  rig 
is  substantially  the  same  as  that  used  with  an  engine, 
except   that   a    motor   is   used   instead   of    the   engine. 
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Drilling  is  effected  by  attaching  the  string  of  tools  to 
the  end  of  a  rope  or  cable.  The  lower  end  of  this 
string  of  tools  is  provided  with  a  cutting  edge  and  lhe 
■drilling  is  effected  by  alternately  raising  and  dropping 
this  string  of  tools  in  such  a  manner  as  to  impinge  upon 
the  rock  surface.  The  weight  of  this  string  of  tools 
varies  from  500  to  2000  pounds,  depending  upon  the 
size  of  the  rig.  The  force,  with  which  it  strike.-;  the 
rock  depends  upon  its  stored  energy  at  the  time  the 
blow  is  delivered.  This  energy  is  proportional  to  the 
weight  of  the  tools,  multiplied  by  the  square  of  the  ve- 
locity, or  speed.  The  speed  is  imparted  to  the  tools  by 
allowing  them  to  fall  through  a  short  distance.  The 
rope  is  attached  to  a  crank  motion  on  the  drilling  rig, 
which  is  rotated  by  the  motor.  The  speed  of  this  ro- 
tation has  an  important  bearing  upon  the  strength  of 
blow  delivered  by  the  tools.  The  alternate  up  and  down 
motion  of  the  string  of  tools  and  cable  has  a  definite 


FIG.    12 — SPEED-TORQUE    CURVE   OF    A    TWO-1'OLE,    WOUND-SECOXDARY 
INDUCTION   MOTOR,  HAVING  A  HATING  OF  I5  AND  30  HORSE-POWER 

These  curves  show  very  clearly  the  operation  of  the  maxi- 
mum torque  relay.  From  the  speed  torque  curve  for  30  hp 
marked  A,  is  obtained  the  performance  of  the  motor  with  a 
short-circuited  secondary.  This  shows  that  the  maximum 
torque  is  obtained  at  850  r.p.m.  If  the  motor  is  loaded  beyond 
this  point,  the  torque  will  decrease  with  the  speed  so  that  at 
zero  speed,  the  torque  has  changed  from  500  to  300  foot  pounds. 
At  this  point,  the  current  shown  by  the  curve  has  increased 
from  200  to  nearly  300  amperes,  the  full  load  current  being  in 
the  neighborhood  of  50  amperes.  If  the  torque  relay  is  set  to 
operate  at  200  amperes,  when  the  current  reaches  this  value 
the  relay  will  open  the  maximum  torque  switch,  inserting  suffi- 
cient resistance  to  give  the  motor  its  maximum  torque  of  500 
foot  pounds  at  zero  speed  (curve  B).  When  the  relay  operates, 
the  current  will  drop  from  200  to  less  than  100  amperes.  As 
the  motor  decreases  in  speed,  the  current  will  gradually  in- 
crease to  the  200  ampere  value.  This  not  only  reduces  the 
demand  on  the  line,  but  insures  maximum  torque  being  main- 
tained during  these  abnormal  conditions.  In  practice,  the  maxi- 
mum torque  relay  would  be  set  to  operate  at  a  lower  value 
than  above,  depending  upon  circumstances. 

time  period.  It  is  therefore  necessary  to  adjust  the 
speed  of  the  motor  so  that  the  alternate  pull  and  release 
of  the  cable  synchronizes  with  this  natural  time  element. 
An  adjustment  of  this  kind  increases  the  upward  move- 
ment of  the  string  of  tools  and  therefore  stores  up  the 
maximum  of  energy  with  which  to  strike  the  blow. 
When  the  tool  strikes,  it  rebounds  and  this  adjustment 
continues  the  upward  motion  from  the  rebound  without 


a  pause.  The  driller  can  tell  by  the  feel  of  his  string  of 
tools  when  he  has  adjusted  for  the  proper  speed.  The 
correct  speed  changes  witli  the  depth  of  hole  so  that 
the  speed  adjustment  given  by  the  controller  must  be  in 
small  increments.  This  is  obtainea  by  furnishing  an 
auxiliary  controller  which  changes  a  short  section  of 
the  secondary  resistor  in  small  steps.  The  total  range 
of  this  small  conductor  need  not  exceed  the  range  of 
one  step  on  the  large  controller.  The  driller  can  adjust 
his  main  controller  for  approximately  the  correct  speed 
and  then  make  the  fine  adjustments  on  the  auxiliary 
controller.     The   diagram  of   connections  is   shown   in 


FIG.    13 — STEEL    PUMPING    POWER 

The  electric  motor  is  located  in  the  wooden  enclosure  at 
the  right.  The  wells  shown  are  in  the  bed  of  the  Arkansas 
River  in  Oklahoma,  the  platform  being  raised  above  high  water 
level.  Pumping  is  continued  during  high  water,  the  control 
being  located  on  the  river  bank. 

Fig.  9  and  m  every  other  respect  is  similar  to  the  pump- 
ing and  pulling  controller  shown  in  Fig.  7,  the  connec- 
tions for  the  drilling  side  corresponding  to  the  pumping 
side  of  the  other  equipment. 

The  motor  used  for  a  drilling  rig  is  usually  larger 
than  for  pumping,  on  account  of  the  extra  power  re- 
C|uired  for  handling  the  casing.  In  deep  wells,  the 
driller  starts  in  with  a  large  size  casing  and  decreases 
the  size  as  the  depth  of  the  hole  increases.  Sometimes 
the  hole  is  not  entirely  straight,  due  to  a  boulder  or 
other  hard  substance  being  located  at  one  side  of  the 
hole.  This  deflects  the  drilling  tool  slightly.  In  put- 
ting the  casing  in  past  a  crooked  spot  of  this  kind,  it  is 
necessary  first  to  drop  the  casing  and  raise  it  again,  re- 
peating this  operation  a  number  of  times  until  the  cas- 
ing passes  down  free  of  the  obstruction.  To  do  this 
with  large  casings  requires  motors  which  will  develop 
from  100  to  150  horse-power  for  short  inteiwals.  Usual- 
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ly  a  motor  connected  in  star  for  drilling  and  in  delta  for 
handling  the  casing  is  satisfactory.  The  delta  connec- 
tion would  overheat  the  motor  if  it  were  operated  in 
this  way  for  long  periods  of  time,  but  the  pulling  opera- 
tion is  short  and  the  motor  can  be  designed  for  continu- 
ous operation  on  the  star  connection  only. 

The  motors  for  both  pumping  and  drilling  should 
have  a  high  efficiency  and  power- factor,  as  these  opera- 
tions are  continuous  and  the  performance  of  the  motor 
materially  affects  the  power  consumption.  The  intro- 
duction of  electric  motors  and  controllers  has  increased 
the  production  and  earnings  of  oil  wells  on  account  of 
the  ease  with  which  the  exact  speed  can  be  adjusted. 


The  aim  of  the  operator  is  to  get  maximum  produc- 
tion at  all  times.  There  must  be  a  minimum  of  delays 
due  to  breakdowns  or  repairs.  Every  shut-down  means 
less  production  and  a  loss  to  the  producer.  The  elec- 
tric equipment  has  demonstrated  its  ability  to  furnish 
this  serv'ice  with  a  minimum  of  repairs  and  attention. 
In  many  cases  the  cost  of  the  electrical  power  is  more 
than  made  up  by  reduction  in  the  repairs  which  were 
formerly  necessary  with  the  older  methods  of  drive.  In 
addition,  the  increase  in  production  has  been  a  materia! 
factor  in  the  success  of  the  electrical  equipment.  Elec- 
tric drive  is  now  being  adopted  in  the  oil  fields  as 
rapidly  as  central  station  power  is  made  available. 
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E.  G.  Reed 

Transformer  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

THERE  has  been  some  discussion  as  to  the  most 
economical  ratio,  from  the  operating  point  of 
view,  of  the  copper  to  the  iron  loss  for  distribut- 
ing transformers.  In  the  past  this  ratio  for  the  2300  to 
230-115  volt,  60  cycle  line  of  transformers,  has  been  ap- 
proximately /.5  for  the  smaller  ratings  in  the  neighbor- 
hood of  the  one  k.v.a.  size,  and  ranging  up  to  2.5  for 
the  50  k.v.a.  transformers.  There  are  now  advocates 
for  an  increase  of  this  ratio  to  as  high  as  6  for  the 
medium  and  larger  sizes  of  transformers,  the  argument 
being  that  the  iron  loss  is  continuous  for  the  full  24 
hours,  while  the  copper  loss  is  equivalent  on  the  average 
to  a  period  of  four  hours  at  normal  rated  load. 

The  fallacy  of  this  reasoning  lies  in  the  fact  that,  in 
evaluating  the  losses,  not  only  the  production  cost  of 
the  energy  consumed  must  be  taken  into  account,  but 
also  the  annual  charge  on  the  extra  equipment  which 
must  be  provided  to  supply  the  losses  during  .the  peak 
load  period. 

It  is  well  known  that  the  cost  of  making  electrical 
energy  is  made  up  of  two  main  elements: — 
1 — Production  cost 
2 — Fixed  charges 

The  items  making  up  the  production  cost  are  those 
which  vary  with  the  amount  of  energy  produced,  such 
as  fuel,  lubricants,  water,  etc.  The  items  making  up 
the  total  fixed  charges  are  those  which  are  practically 
independent  of  the  total  energy  produced,  such  as  the 
investment  and  administration  charges.  The  invest- 
ment charge  is  made  up  of  interest,  taxes,  insurance  and 
depreciation  on  a  power  station  and  distribution  sys- 
tem of  sufficient  capacity  to  supply  the  maximum  de- 
mand of  the  total  connected  load.  The  administration 
cost  is  for  the  salaries  of  officials  and  for  general  office 
expenses. 

In  the  following  example  it  will  be  assumed  that 
the  production  cost  for  a  load  having  a  20  percent  load 
factor  is  one  cent  per  kilowatt-hour  and  under  the  same 
conditions  the  fixed  charge  is  one-half  cent  per  kilo- 
watt-hour.    The  term  "load  factor"  used  in  this  con- 


nection is  the  ratio  of  the  average  daily  output  to  the 
maximum  hour's  demand.  The  production  cost  is 
usually  specified  in  cents  per  kilowatt-hour,  but  it  is 
more  convenient  to  use  this  cost  in  dollars  per  watt 
year  in  the  following  calculations.  To  reduce  cents  per 
kilowatt-hour  to  dollars  per  watt  year,  multiply  by 
(24  X  365)  -^  10^  or  0.0876.  Multiplying  the  above 
production  and  fixed  charges  by  0.0876  gives, — 

Production   charge    $0.0876  per  watt-yeat 

Fixed   charge    $0.0438  per  watt-yeaf 

Example : — What  is  the  yearly  cost  of  operating  a  50  k.v.a, 
60  cycle,  2300  to  230-115  volt  transformer,  which  has  an  iron 
loss  of  260  watts  and  a  copper  loss  by  wattmeter  at  75  degrees 
C.  at  normal  rated  output  of  600  watts? 

Since  the  iron  loss  1=  continuous  and  the  copper  loss  exists 
for  only  four  hours  per  day  or  4/24  of  the  time,  the  yearly 
production  cost  of  the  iron  loss  in  the  transformer  is  $0.0876' 
X  260  or  $22.78,  and  the  cost  of  the  copper  loss  is  $0.0876  X 
4/24  X  600  or  $8.76,  and  the  total  production  cost  is  $31.54. 

Since  both  the  iron  loss  and  the  copper  loss  occur  at  the 
peak  load  period,  the  yearly  fixed  charge  for  the  losses,  or 
the  annual  charge  on  account  of  the  extra  equipment  which 
must  be  provided  to  supply  this  energy  during  the  peak  load 
period  is  $0.0438  X  (260+600)  or  $37.67.  The  total  yearly 
cost  of  the  losses  is  therefore  $31.54  plus  37.67  or  $69.21.  The 
cost  of  the  transformer  losses  is  figured  in  this  way  because 
the  total  cost  of  power  for  the  entire  station  output  must  be 
the  sum  of  the  costs  of  the  individual  items  making  up  the 
total  load. 

Table  I  gives  the  production  cost,  fixed  charge  and 
total  cost  for  the  losses  resulting  from  the  variation 
of  the  ratio  of  the  copper  to  the  iron  loss.  The  exact 
values  of  the  losses  resulting  from  the  variation  of 
these  ratios  are  based  on  the  fact  that  the  product  of  the 
losses  remains  constant  if  the  different  designs  of  the 
transformer  to  secure  these  losses  are  made  with  the 
same  frame.  With  this  assumption,  the  cost  of  the 
transformer  is  a  constant  quantity.  Table  I  indicates 
that,  with  increasing  values  of  the  ratio  of  the  losses, 
the  production  charge  slowly  decreases  until  a  ratio  of 
6  is  secured,  above  which  it  again  gradually  increases. 
The  fixed  charges  have  a  constantly  increasing  value 
as  the  ratio  increases.  The  sum  of  tlie  production  cost 
and  fixed  charge  therefore  becomes  a  minimum  some- 
where in  the  region  of  2.j  as  shown  by  Table  I.  The 
values  in  the  table  are  plotted  in  Fig.  i.     The  lower 


THE  ELECTRIC  JOURNAL 


503 


cur\e  is  for  the  production  cost,  and  while  it  reaches 
a  minimum  value  at  a  ratio  of  the  copper  to  the  iron 
loss  of  (5,  the  curve  is  very  flat  and  the  production  cost 
changes  only  through  a  range  of  about  five  percent  of 
its  value,  for  a  variation  of  the  ratio  of  the  losses  from 
3  to  8.  It  is  not  correct,  therefore,  even  on  the  basis 
of  the  production  cost  alone,  to  say  that  one  watt  of 
iron  loss  is  equal  to  six  watts  of  copper  loss. 

The  upper  curve  shows  the  total  cost  of  supplying 
the  transformer  losses,  and  each  point  is  the  sum  of 
the  corresponding  points  on  the  two  curves  represent- 
ing the  production  cost  and  fixed  charge.  The  curves 
show  how  the  addition  of  the  constantly  increasing 
value  of  the  fixed  charge  to  the  production  cost  curve, 
reduces  the  point  of  minimum  cost  from  a  ratio  of  the 
losses  of  d  to  approximately  2.3.  It  is  also  apparent 
that  the  total  cost  curve  is  fairly  flat  and  the  cost  does 
not  materially  change  for  a  range  of  variation  of  the 
loss  ratio  from  2  to  j. 

It  might  be  argued  that  general  conclusions  should 
not  be  drawn  from  the  particular  values  used  for  the 
production  cost  and  fixed  charge  for  power,  in  the  ex- 
ample given.  A  little  consideration,  however,  will  show 
that  the  figures  used  for  these  quantities  do  not  fix  the 
shape  of  the  production  cost  curve  or  the  slope  of  the 

TABLE  I— ANNUAL  COST  OF  TRANSFORMER  LOSSES 
OF  A  50  K.V.A.  TRANSFORMER 


Ratio  of 

Copper 

to 

Iron  Loss 

Iron 
Loss 

Copper 
Loss 

Production 
Cost  of 
Trans- 
former 
Losses 

Fixed 
Charge  for 
Trans- 
former 
Losses 

Total 
Cost  of 
Trans- 
former 
Losses 

I 

,       2.3 

^  6 

10 

395 
260 
162 

125 

395 
600 

965 
1250 

$40.30 
31-54 
28.20 
32.50 

$3470 
37.67 

49-50 
60.30 

$75-00 
69.21 

77-70 
92.80 

fixed  charge  line,  but  merely  their  position  relative  to 
each  other.  If  the  fixed  charge  is  small  compared  to 
the  pi-oduction  cost,  the  total  cost  curve  will  approxi- 
mate that  of  the  production  cost  curve,  giving  the  mini- 
mum total  cost  for  a  relatively  large  ratio  of  the  losses. 
On  the  other  hand,  if  the  fixed  charge  is  large  com- 
pared to  the  production  cost,  the  total  cost  cui-ve  will 
approximate  that  of  the  fixed  charge  curve,  giving  the 
minimum  total  cost  at  a  relatively  small  value  of  the 
ratio  of  the  losses. 

Two  factors  which  have  a  bearing  on  the  proper 
relation  of  the  losses  have  not  been  taken  into  account. 
These  are  the  copper  loss  on  the  primary  side  of  the 
transformer  due  to  its  exciting  current  and  the  regula- 
tion of  the  transformer  itself.  The  exciting  current  in- 
creases with  the  transformer  iron  loss  but,  while  the 
primary  copper  loss  due  to  this  current  is  in  the  same 
class  as  iron  loss,  the  amount  by  which  the  iron  loss  is 
thus  increased  would  ordinarily  have  a  small  efifect  in 
increasing  the  most  economical  ratio  of  the  losses. 

The  regulation  of  the  transformer  becomes  poorer 
as  the  ratio  of  the  losses  increases.  As  a  poor  regula- 
tion means  a  loss  of  revenue  due  to  a  reduced  amount 
of  energ>-  delivered  on  account  of  the  fall  in  voltage, 
it  is  apparent  that  the  cost  of  the  regulation  is  a  factor 


tending  to  reduce  the  ratio  of  the  transformer  losses. 
It  is  sometimes  argued  that  induction  regulators  are 
ordinarily  used  to  keep  the  secondary  voltage  of  the 
transformers  at  a  definite  value.  However,  it  is  prac- 
tically impossible  to  keep  the  seconctary  voltage  on  a 
distributing  system  of  any  size  at  a  constant  value. 
The  U.  S.  Bureau  of  Standards  has  made  the  follow- 
ing statement  bearing  on  this  point.* 

"On  alternating-current  circuits,  good  regulation  is 
most  readily  accomplished  by  voltage,  or  potential 
regulators,  either  of  the  induction  or  step  by  step  type. 
Induction  regulators  can  ordinarily  be  relied  upon  to 
maintain  a  uniform  voltage  at  all  loads  at  the  center 
of  distribution  to  within  one  percent.  As  the  peak 
load  will  usually  occur  at  difTerent  times  on  different 
feeders,  and  as  the  necessary  amount  of  compensation 
depends  upon  the  load  and  the  length  of  the  feeder, 
ir  is  evident  that  in  many  cases  good  regulation  is  only 
possible  when  each  feeder  is  independently  regulated." 
"In  addition  to  the  voltage  drop  in  feeders  and  in 
primary  mains  there  is  a  voltage  drop  in  transformers 
and  secondary  mains.     These  voltage  drops  cannot  be 


FIG.    1 — CURVES    SHOWING    THE    MOST    ECONOMICAL    R.\TIO    OF    THE 
COPPER  TO  THE  IRON  LOSS 

For  a  50  k.v.a.   distribution  transformer. 

compensated  for  by  regulators,  but  must  be  taken  care 
of  by  selection  of  transformers  with  good  regulation ; 
careful  supervision  of  conditions  of  load  on  each  trans- 
former of  the  system,  and  the  proper  size  of  conductors 
for  the  secondary  mains.  Transformers  sometimes  be- 
come overloaded,  due  to  rapid  growth  of  individual 
customer's  loads,  the  number  of  customers  to  be  sup- 
plied from  one  distributing  point,  and  insufficient  sta- 
tion records  of  transformer  installations  and  their  con- 
nected loads.  It  should  be  noted,  too,  that  the  regu- 
lation of  transformers  is  dependent  on  the  power- fac- 
tor of  the  load,  and  some  transformers,  while  giving 
good  regulation  on  non-inductive  loads,  may  cause 
large  voltage  drop  at  full  load  on  mixed  motor  and 
lighting  load."** 


*From  Circular  of  the  Bureau  of  Standards,  No.  56  on 
"Standards   for  Electric  Service,"  pp.   16  and  17. 

**For  a  further  discussion  of  this  subject,  see  Parts  XII 
and  XIII  of  the  author's  series  of  articles  on  "The  Essentials 
of  Transformer  Practice,"  in  the  Journal  for  July  and  Aug. 
1918,  pp.  276  and  315. 
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IX  the  earlier  commercial  applications  of  electricity, 
which  were  to  arc  lamps  only,  no  meters  were 
needed,  as  payment  was  made  on  a  lamp-year  basis. 
As  the  carbon  incandescent  lamp  and  the  constant  po- 
tential system  of  distribution  came  into  use,  charges  for 
service  were  made  on  the  same  basis,  that  is,  a  certain 
sum  per  lamp  per  month.  These  early  companies  usually 
operated  only  from  dusk  to  midnight,  the  lamps  were 
seldom  turned  off  and,  as  the  cost  of  operation  was  to 
a  considerable  extent  independent  of  the  load,  this  sys- 
tem of  charging  was  for  a  certain  period  not  unsatis- 
factory. However,  it  was  evident  that  some  individuals 
or  firms  were  using  more  electricity  per  lamp  than 
others.  As  the  dusk  to  midnight  operation  of  the  cen- 
tral   stations   gradually   lengthened   into   all    night   and 
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FIG.  I — Gardiner's   meter — 1872 

then  into  twenty-four  hour  service,  the  need  of  measur- 
ing devices  became  imperative.  This  gradual  develop- 
ment of  the  central  stations  made  it  natural  that  the 
first  meters  should  measure  only  the  time  during  which 
the  current  was  used;  later  both  time  and  current 
strength,  and  finally  watts  and  time  were  measured. 

The  first  patent  for  an  integrating-type  meter  was 
issued  in  1872  to  Samuel  Gardiner,  Jr.  This  meter. 
Fig.  I,  consisted  of  a  clockwork  mechanism  which  was 
geared  to  a  registering  dial.  An  electromagnet,  in 
series  with  the  load  to  be  measured,  released  the  me- 
chanism and  allowed  it  to  register  the  time  during 
which  current  was  passing.  This  device  did  not  regis- 
ter either  the  current  or  electromotive  force,  but  as 
the  lamps  were  at  that  time  controlled  in  groups,  it 
furnished  a  satisfactory  indication.  Another  ingenious 
device  of  this  same  general  character  for  use  on  alter- 
nating current  was  patented  by  J.  B.  Fuller.  As 
shown  in  Fig.  2,  an  armature  of  polarized  steel  was 
placed  between  two  electromagnets  so  as  to  vibrate  in 
synchronism  with  the  alternations  of  the  current  in  the 
magnets.     The  armature  was  attached  to  a  lever  hav- 
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ing  a  pawl  which  engaged  a  ratchet  and  so  operated  a 
registrating  mechanism  as  to  give  a  measure  of  the  time 
during  which  current  was  flowing. 

Probably  the  first  meter  which  registered  both  the 
current  and  the  time  was  produced  by  Benj.  F.  Card 
and  was  based  upon  the  principle  that  an  iron  rod  wiU 
be  drawn  into  a  helix  through  which  current  is  flow* 
ing.  The  movement  of  the  core  caused  a  friction  wheel 
to  slide  along  a  clockwork  driven  cone,  as  shown  in 
Fig.  3,  in  such  a  manner  that  the  speed  of  the  friction 
wheel  was  proportional  to  the  movement  of  the  iron 
core,  and  hence  approximately  proportional  to  the  cur- 
rent in  the  helix.  The  friction  wheel  was  geared  di- 
rectly with  the  registering  dial. 

The  first  ampere-hour  meter  to  be  extensively  used 
was  the   Edison  chemical   meter   shown   in  Fig.   ^,  on 


FIG.    2 — FULLERS     ALIERN.XTING-CITRRENT     METER — I 


which  various  patents  were  taken  out.  This  meter, 
which  was  suitable  for  direct  current  only,  consisted  of 
an  electrolytic  cell  containing  two  polished  and  amal- 
gamated zinc  plates  immersed  in  a  solution  of  zinc  sul- 
phate having  a  density  of  i.ii.  One  ampere  of  cur- 
rent would  deposit  in  this  meter  1.224  grams  of  zinc 
per  hour.  As  this  rate  of  deposit  would  require  very 
large  plates,  the  electrolytic  cell  was  usually  shunted 
with  a  German  silver  shunt  of  low  resistance  an(i  a 
copper  wire  resistor  was  inserted  in  series  with  the 
electrolytic  cell.  Thus  in  the  12-light  meter  the  shunt 
had  a  resistance  of  approximately  0.02  ohms,  the  cell 
three  ohms  and  the  copper  wire  resistor  about  16.5 
ohms,  giving  a  total  resistance  in  the  meter  circuit  of 
19.S  ohms.  This  provides  a  relation  between  the  cur- 
rent in  the  line  and  that  in  the  electrolytic  cell  of  I  to 
973.  The  meter  was  "read"  by  removing  the  plates  to 
a  chemical  laboratory  where  they  were  carefully  d;ied 
and  weighed  and  the  ampere-hours  calculated  from  the 
weight  of  the  deposit  and  the  known  constant  of  the 
meter.  Mr.  Edison  also  developed  a  chemical  type  of 
"weber  meter",  as  it  was  then  known,  in  which  the 
electrodes  were  suspended  from  a  balanced  beam.    The 
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•deposit  of  metal  on  an  electrode  caused  it  to  sink  gradu- 
ally until  an  electric  contact  was  made  which  caused 
tlie   current   to   be   reversed   through   the   meter.     The 

■other  electrode  then  gradually  became  heavier  until  it 
in  turn  made  3  contact,  again  reversing  the  current 
through  the  meter,  the  oscillations  of  the  balance  arm 
actuating  a  recording  mechanism.  In  1881  Mr.  Edi- 
son invented  a  direct-current  ampere-hour  meter,  Fig. 
5.  which  was  undoubtedly  the  first  motor  type  of  meter 

"but  which  was  never  commercially  developed,  as  Mr. 
Edison  was  evidently  predisposed  in  favor  of  the  chemi- 
cal meter. 

In  1880  Prof.  Amos  E.  Dolbear  produced  a  meter 
which,  as  shown  in  Fig.  6,  was  the  crude  forerunner 
of  the  graphic  meter,  and  served  for  measuring  both  the 
current  and  the  time  during  which  it  flowed.  The 
paper  rolls  were  actuated  by  a  clockwork.  The  core  of 
a  helix  was  suspended  in  front  of  the  paper  by  a  spnng 


FIG.    3 — C.\RD    METER — 1879 

and  carried  a  pencil  which  made  a  continuous  mark  on 
the  paper,  the  position  of  the  core  being  dependent  on 
the  strength  of  the  current. 

Various  meters  have  been  patented  at  different 
times  based  on  the  principle  of  having  the  speed  of  a 
clockwork  mechanism  varied  by  the  action  of  an  elec- 
tromagnet on  either  the  balance-wheel  or  the  pendu- 
lum. With  either  type  of  clockwork  the  speed  increases 
with  an  increase  of  current.  The  registration  of  the 
mechanism  is  not  direct  in  these  cases  but  must  be  com- 
pared with  that  of  a  similar  mechanism  which 
was  not  influenced  by  the  magnets.  By  a  varie- 
ty of  ingenious  devices,  the  mechanism  was  also 
made  to  record  only  the  difference  between  tht 
two  speeds,  thus  becoming  direct  reading  The 
most  successful  of  these  commercially  was  that  by  Dr. 
Arons,  which  was  used  extensively  in  Europe  and  to 
some  extent  in  this  country.  As  shown  in  Fig.  7,  the 
Tight  hand  pendulum  carried  a  coil  of  fine  wire, 
shunted  across  the  circuit,  whose  oscillation  took 
place    inside    a    coil    of    heavier    wire    which    carried 


the  main  current.  The  interaction  of  the  two  mag- 
netic fields  increased  the  rapidity  of  oscillation  of 
the  pendulum,  the  increase  being  proportional  to  the 
product  of  volts  and  amperes.  The  dial  train  regis- 
tered the  difference  between  the  oscillations  of  the  two 
clocks.     The   meter  was   suitable    for  both   alternating 


FIG.   4 — EDISON   ELECTROCHEMICAL    METER — 1878 

and  direct  current  and  the  clock  work  would  run  for 
40  days  with  one  winding.  The  objectionable  features 
of  this  meter  were  its  complexit}'  and  cost,  and  the 
peculiar  readings  which  resulted  if  one  clock  stopped 
and  the  other  continued  to  run. 

The  commercial  development  of  the  high-tension 
alternating-current  jiarallel  system  of  distribution  and 
the  accompanying  extensive  use  of  the  hot-wire  type  of 
indicating  instruments  caused  the  development  of  vari- 
ous integrating  meters  whose  action  was  based  upon 
the  heating  action  of  the  current.  Among  the  first  of 
these  was  one  by  Prof.  Geo.  Forbes  of  London.  The 
heat  produced  in  a  resistor  caused  a  rising  current  of 


FIG.    5 — EIUSOX    MOTOR    TYPE    METER — I8SI 

air  \\hich  actuated  a  paper  spiral  or  a  mica  and  cork 
fan  as  shown  in  Fig.  8,  the  speed  of  rotation  being 
roughly  proportional  to  the  current.  This  meter  was 
extremely  delicate  and  hence  its  usefulness  was  limited. 
In  1888  Prof.  Elihu  Thomson  also  developed  a  m.eter 
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based  upon  the  heating  effect  of  the  current.  It  con- 
sisted of  two  evacuated  glass  bulbs  connected  by  a 
small  diameter  tube  and  partly  filled  with  alcohol,  the 
whole  being  balanced  so  as  to  be  slightly  in  unstable 
equilibrium.  Each  bulb  contained  a  small  electric 
heater  which,  in  the  bulb  that  was  down  at  any  instant, 
was  connected  to  the  circuit  through  mercury  con- 
tacts.    The  heat  in  the  coil   raised  the  vapor  tension 


FIG.   6 — DOLBEAR  GRAPHIC  INDICATING   AND   RECORDING   METER — l8So 

and  caused  the  alcohol  to  flow  into  the  other  bulb, 
which  increased  its  weight  and  caused  it  to  drop,  estab- 
lishing the  contacts  on  that  side  and  opening  the  first 
set.  The  oscillation  of  the  bulbs  operated  the  regis- 
tering mechanism. 

INDUCTION  TYPE   METERS 

In  April  1888,  Mr.  O.  B.  Shallenberger  of  the 
Westinghouse  Electric  Company  devised  the  first  com- 
mercially successful  ampere-hour  meter,  i.e,  the  first 
one   to  have   an  extensive   application   and   embodying 


with  each  other  to  a  greater  or  less  extent  in  phase, 
and  will  be  approximately  in  the  same  direction  at  the 
same  instant,  but  both  will  differ  in  phase  from  the 
primary  or  inducing  current.  An  attraction  conse- 
quently takes  place  between  the  two  secondary  circuits 
and,  if  free  to  move,  the  conductors  carrying  these  cur- 

T 


FIG.    8 — FORUES    METER — 18S6 

rents  will  be  attracted  to  each  other  in  a  greater  or  less 
degree,  depending  on  the  amount  of  the  primary  cur- 
rent and  on  the  displacement  of  phase  between  the 
primary  and  secondary  currents.  If  one  of  these  con- 
ductors be  made  fixed  and  the  other  movable,  the  mo- 
tion will  evidently  be  confined  to  one  of  the  conduc- 
tors, and  if  the  action  can  be  continued  so  as  to  pro- 
duce the  attraction  always  in  the  same  direction,  a  con- 
tinuous, rotary  motion  may  be  obtained  by  the  inductive 
action  solely,  and  without  any  direct  communication 
with  the  source  of  current. 


FIG.   9 — SHALLENBERGER     INDUCTION     TYl'E    AMPERE-HOUR     METER — 1888 


FIG.    7 — ARON    VOLT-COULOMB    INDICATOR — 1887 


principles  which  are  still  in  use.  Shallenberger's 
meter  depended  on  magnetic  induction  and  was  de- 
scribed as  follows: — If  an  alternating  current  be  made 
to  traverse  a  coiled  conductor  in  proximity  to  two  other 
conductors  closed  upon  themselves,  the  secondary  cur- 
rents set  up  in  these  two  conductors  will   correspond 


The  discovery  of  this  principle  suggested  at  once 
the  practicability  of  applying  it  to  the  operation  of  a 
meter,  since  it  is  only  necessary  to  produce  a  rotary 
effort  or  torque  in  some  simple  and  reliable  way,  bear- 
ing a  definite  relation  to  the  current  that  produces  it,, 
in  order  to  have  a  perfectly  accurate  means  for  measur- 
ing such  current. 
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The  form  in  which  this  meter  was  first  marketed  was  shghtly  over  one  ounce,  and  the  shaft  pivot  was- 
is  shown  in  Figs.  9  and  10.  It  was  found  that  one  of  supported  on  a  jewel  cup  bearing.  The  meter  was  pro- 
the  conductors  mentioned  above  might  be  replaced  by  vided  with  a  separate  connection  chamber,  so  that  it 
a  core  of  iron  with  greater  effect  and  much  greater  ease  could  be  installed  without  removing  the  case,  thereby^ 
of  construction.  In  Fig.  10,  a  is  this  flat  ring  of  soft 
wrought  iron  mounted  on  a  light  disc  of  brass  or  alumi- 
num   and    rigidly    attached    to    a    slender    steel    shaft. 


FIG.    10 — OPERATING   ELEMENTS   OF   SH.^LLENBERGER  S   INITIAL 
INDUCTION   METER 

Short-circuited  turns  bb  are  punched  from  copper 
plates,  riveted  together  at  the  ends,  and  so  placed  as  to 
surround  the  disc  closely  without  touching  it,  and  ad- 
justable in  position  with  respect  to  the  coil  cc  which  is 
in  series  with  the  circuit  to  be  measured.  The  torque 
is  greatest  when  the  plane  of  the  coil  dd'  is  at  an  angle 
of  45  degrees  to  that  of  coil  cc  and  diminishes  gradu- 
ally as  the  position  of  the  short-circuited  turns  dd'  is 
changed  toward  ee' ,  being  zero  when  the  angle  between 
dd'  and  cc  is  90  degrees.  This  arrangement  allows  a 
wide  range  of  speed  adjustment.  To  provide  a  load  on 
the  meter  element  bearing  tlie  same  relation  to  the  speed 
as  that  of  the  torque  to  the  current,  a  group  of  light 


FIG.    II — SHALLENBERGER    INTEGRATING    \V.\TTMETER — 1894 

This  meter  was  provided  with  a  cyclometer  type  register,  giving 
the  reading  in  plain  figures,  instead  of  on  a  dial. 

fans  was  mounted  on  the  shaft.  On  the  meters  of 
larger  size  a  shunt  coil  was  provided  which  gave  suffi- 
cient torque,  independent  of  the  load,  to  overcome  the 
friction  of  the  meter  and  thus  make  it  more  accurate  on 
light  loads. 

The  weight  of  the  moving  element  of  this  meter 


FIG.    12 — SHALLENBERGER     POLYPHASE    W.\TTMETER — iSQS 

eliminating  a  possible  cause  of  inaccuracy — a  feature 
which  is  still  incorporated  in  practically  all  modem 
meters. 

This  meter  was  quite  satisfactory  and  was  exten- 
sively used  for  a  number  of  years.  It  soon  became  evi- 
dent, however,  that  it  was  necessary  in  many  cases  to 
measure  watt-hours  rather  than  ampere-hours  and  in 
1894  the  Shallenberger  watt-hour  meter  was  produced, 
based  upon  the  same  general  principle  of  design,  in- 
cluding a  shunt  coil  in  place  of  the  short-circuited  sec- 
ondary of  the  ampere-hour  meter  and  with  a  suitable 
power-factor  adjustment  so  that  the  flu.xes  produced  by 
the  two  coils  were  at  approximately 
90  degrees  relation  to  one  another. 

This  was  the  first  meter  in 
which  the  split  phase  principle  was 
employed  to  obtain  an  appro.xi- 
mately  go  degrees  phase  relation 
between  the  current  in  the  shunt 
coils  and  the  impressed  e.m.f.  This 
condition  was  secured  by  having 
the  shunt  coils  consist  of  many 
turns  of  relatively  low  resistance 
wire  around  a  laminated  iron  core 
having  a  small  air-gap  in  the  mag- 
netic circuit. 

With  the  development  of  the  Niagara  Falls  power 
plant  the  requirement  arose  for  polyphase  meters, 
which  were  developed  by  Mr.  Shallenberger,  as  shovvn 
in  Fig.  12.  The  90  degree  phase  relation  in  this  meter 
was  obtained  by  connecting  the  current  coils  in  one 
phase  and  the  shunt  coil  across  the  other  phase,  as 
shown  in  Fig.  13,  thus  being  accurate  only  on  balanced 
loads.     Indicating  instruments  were  also  developed  on 


FIG.    13 — SCHEMATIC- 
r  lAGRAM  OF  CON- 
NECTIONS TO  TWO- 
PHASE  AND  THREE- 
PHASE    CIRCUITS 
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the  same  principle,  by  mounting  a  dial  on  the  rotating 
disc  and  restraining  its  action  by  a  spring. 

In  1897  an  important  improvement  over  the  Shal- 
lenberger  watt-hour  meter  was  brought  out  by  Messrs. 
H.  P.  Davis  and  F.  Conrad.  This  so  called  "round 
type"  meter  was  on  the  same  general  principle  as 
Shallenberger's  but  provided  an  exactly  90  degree  phase 
•displacement  by  including  a  separate  induction  coil  in 
circuit  with  the  shunt  coils  and  by  surrounding  each 
hmb  of  the  core  with  one  or  more  turns  of  wire  short- 
circuited  ujton  themselves  through  an  adjustable  re- 
sistance. The  arrangement  of  the  magnetic  circuit  in 
this  meter  was  also  such  that  substantially  all  of  the 
■series  field  and  a  proper  portion  of  the  shunt  field  acted 
directly  upon  the  armature,  while  the  entire  shunt  field 
operated  to  preserve  constant  the  counter-electromotive 
force  of  the  shunt  circuit.  This  feature  permitted  an 
accurate  registration  of  watts  over  a  wide  range  of  volt- 
age, reducing  the  voltage  error  to  a  minimum.  This 
meter  represents  the  most  important  advance  in  meter 
■  design  since   Shallenberger's  time.     The  Shallenberger 


FIG.    14 — WESTIXGHOUSE  ROUND-TYPE  IXDL'CTIOX  WATTMETER — iSQ/ 

meter  was  large  and  clumsy,  heavy  and  expensive. 
The  round  type  meter  was  relatively  small  and  com- 
pact, was  much  lighter  and  sold  for  about  one-third  as 
much.  In  addition  it  was  much  more  accurate.  The 
poh-phase  watt-hour  meter  of  this  same  general  type 
consisted  essentially  of  two  single-phase  elements 
mounted  on  the  same  shaft,  and  hence  was  the  first 
one  which  would  adequately  measure  an  unbalanced 
polyphase  load. 

In  this  meter  for  the  first  time  the  importance  of  a 
light  weight  moving  element  was  recognized.  One 
means  of  lightening  the  weight  was  by  removing  en- 
tirely the  aluminum  fans  and  i^lacing  permanent  mag- 
nets over  the  rotating  disc  thereby  making  this  disc  act 
both  as  a  motor  and  generator  element.  The  total 
weight  of  the  moving  element  of  the  single-phase  meter, 
was  15  grams,  a  weight  which  has  been  maintained 
practically  constant  in  .subsequent  meters.  This  meter 
was  both  dust  and  bug  proof  and  included  a  window  in 
the  case  for  viewing  the  rotating  disc. 

'J'his  meter  included  all  the  fundamental  require- 
ments of  an  induction  meter  and  has  been 
but  little  improved  on  in  principle,  most  of  the  changes 
in  more  recent  meters  having  been  detail   refinements 


in  mechanical  design  and  manufacturing  operations, 
intended  primarily  to  cheapen  production.  Among  the 
most  interesting  of  these  mechanical  improvements  have 
been  those  tending  toward  the  elimination  of  friction. 
The  most  important  of  these  have  been  the  ball  bear- 
ings introduced  by  the  Westinghouse  Company,  and  the 
flotation  principle  of  lifting  the  weight  of  the  moving 
element  entirely  off  the  bearings.  This  was  first  intro- 
duced in  the  Stanley  meters,  in  which  the  weight  was 
carried  by  magnetism,  the  hollow  shaft  being  restrained 
from  side  movements  by  a  wire  running  through  its 
center.  Although  an  interesting  development,  this  mag- 
netic flotation  is  not  used  on  any  modern  meters.  An- 
other improvement  was  the  reduction  of  full-load 
speeds  from  around  50  to  25  r.p.m.,  thereby  reducmg 
the  friction  and  bearing  wear.  This  was  made  possible 
by  a  general  redesign  of  the  meter  circuits,  both  mag- 
netic and  electric,  so  as  to  produce  a  much  higher  tor- 
que, and  hence  retain  high  accurancy  at  a  lower  speed. 


FIG.    15 — ORIGIN.\L     THOMl'SON      RECORDING     W.\TTMETER — 1889 

Induction  type  meters  have  been  and  are  manu- 
factured in  various  forms,  but  all  are  based  on  the  fun- 
damental principles  of  the  Shallenberger  meter,  and 
differ  among  themselves  only  in  structural  details. 

COMMUTATOR  METERS 

In  1881  Edison  secured  patents  on  the  motor  type 
of  direct-current  meter  but  had  never  thought  suffi- 
ciently of  this  device  to  develop  it.  In  1889,  however, 
a  successful  motor  type  meter  was  developed,  which 
became  well  known  as  the  Thomson  recording  watt- 
meter, shown  in  Fig  15.  Although  of  the  type  which 
is  now  almost  exclusively  used  on  direct-current  cir- 
cuits this  meter  was  initially  developed  for  alternat- 
ing current,  and  its  ability  to  meter  either  direct  or  al- 
ternating currents  at  any  power-factor  was  in  a  great 
measure  responsible  for  its  initial  success.  This  meter 
is  in  principle  a  modification  of  a  Siemons  dynamo- 
meter, the  stationary  coils  being  energized  by  the  cur- 
rent in  the  main  circuit  and  the  movable  coil  shunted 
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across  the  line.  The  movable  coils  are  so  connected  to 
a  commutator  that  the  active  coil  always  bears  the  same 
relation  to  the  stationary  coils,  so  that  the  operation  of 
the  meter  becomes  that  of  a  shunt  motor,  the  torque 
being  proportional  to  the  product  of  the  current  and  the 
voltage.  It  is  also  evident  that  when,  on  alternating 
circuits,  the  current  and  voltage  were  not  in  phase,  the 
torque  of  the  meter  would  be  proportional  to  the  cur- 
rent times  that  component  of  the  voltage  which  wns  in 
phase,  so  that  the  registration  would  be  correct  at  all 
power-factors.  To  provide  a  suitable  load  on  the  meter 
so  that  its  speed  might  be  at  all  times  proportional  to 
the  torque,  a  copper  disc  was  mounted  on  the  shaft, 
revolving  between  permanent  magnets. 

The  construction  of  this  meter  was  carefully 
worked  out  mechanically.  To  prevent  oxidation  the 
commutator  was  made  of  silver,  the  brushes  being  made 
of  flexible  copper  and  silver  plated  at  the  point  of  con- 
tact.    The  armature,   which   was  very  heavy  as  com- 


MERCURY    METERS 

In  t8Si,  Weston  patented  an  indicating  ammeter 
v\  hich,  as  shinvn  in  Fig.  16,  included  all  the  elements  of 
the  modern  mercury  motor  meters.  Since  he  was  de- 
signing an  ammeter,  the  shunt  circuit  was  highly  satu- 
rated to  render  it  independent  of  voltage  fluctuations, 
and  the  rotation  of  the  disk  was  restrained  by  a  spiral 
spring.  While  this  principle  was  then  well  known,  be- 
ing that  of  the  Barlow  wheel,  Fig.  16  shows  one  of  its 
earliest  applications  to  an  electric  meter.  The 
patent  specifications  included  a  statement  that  the  in- 
strument would  be  a  true  indicator  of  energj-  if  the 
field  magnet  were  not  saturated. 

This  type  of  meter  was  developed  as  an  ampere- 
hour  meter  in  Europe  by  Ferranti  but  was  never  exten- 


FIG.    16 — WESTON    MERCURY    MOTOR    METER — 1886 

The  current  lo  be  measured  passes  thi-ough  mercury  con- 
tacts at  O  through  the  shaft  and  outward  through  the  rotating 
disk  to  mercury  contacts  at  P.  In  flowing  thus  across  a  mag- 
.'.etic  field  it  caused  rotation  of  the  disk,  the  speed  of  rotation 
being  proportional  to  the  product  of  the  current  and  field 
strength.     The  rotor  weight  was  supported_by  a  cork  float,  N. 

pared  with  modern  standards, weighing  over-half  pound, 
was  supported  by  a  hardened  steel  removable  point  and 
jewel.  When  both  were  i)erfectly  smooth  the  friction 
was  very  slight;  the  great  weight  of  the  moving  ele- 
ment, however,  was  not  favorable  for  a  maintenance  of 
this  condition.  The  initial  friction  of  the  meter  was 
compensated  by  a  small  coil  in  series  with  the  armature 
circuit  placed  in  parallel  to  the  field  windings.  In  the 
later  types  of  meter  this  coil  was  made  adjustable. 

As  was  true  of  the  early  induction  meters,  this 
early  Thomson  meter  was  based  upon  sound  principles, 
so  that  improvements  which  ha\e  been  made  since  that 
time  have  been  minor  improvements  in  detail  and  in 
mechanical  arrangement,  rather  than  radical  changes. 
One  of  the  most  important  of  the  detail  improvements 
was  the  introduction  of  the  light  weight  spherical 
armature,  and  of  an  aluminum  damping  disk  which  per- 
mitted a  material  reduction  of  the  total  weight  of  the 
moving  element.  This  general  type  of  meter  is  now 
widely  used  for  the  measurement  of  direct-current 
power. 


mm  JtBtL  cuiDi  surptui 

'NfllC^TES  JEWELS 
STEEL  SHAFT 


UPWARD  THRUST  Of  EHTlfit  H0VIN6  ELEMENT  ChLTf.OUNte 
THIS  15  THE  omv  AgijAL  aEABmc 


WOBnONSIlUFTENGAGfSTRAlN       g 


SHAFT  CHanBFP 


[3  m«  WELL  EDINCIPLE  WHEN  METER 
^  'I'Oi  OH  UPSiLt  M»*«  MLHCUffY 
I  jws    IMTO  TniS  ^iViCE 


FIi;.    17 — SANCiJlO    MERCURY    MOTOR    \V.\TTH0UR    METER 

sively  used  in  this  country  until  in  1904  the  Sangamo 
Electric  Company  brought  out  a  model,  much  improved 
as  to  detail,  but  operating  on  the  same  basic  principle.  A 
more  modern  form  of  this  meter  is  shown  in  Fig.  17, 
which  shows  the  method  of  floating  the  moving  ele- 
ment and  the  means  provided  to  prevent  spilling  the 
mercury  during  transportation.  In  the  watt-hour 
meters,  the  magnetic  field  is  proportional  to  the  voltage. 
In  the  ampere-hour  meters  a  constant  magnetic  field  is 
produced  by  permanent  magnets.  The  current  capacity 
of  these  meters  is  ten  amperes,  shunts  being  used  in 
measuring  larger  circuits. 

GENERAL 

No  attemi)t  has  been  made  to  bring  this  history  up 
to  date,  so  far  as  the  commercial  forms  of  modern 
meters  are  concerned,  but  rather  to  show  the  develop- 
ment of  the  engineering  principles  upon  which  modern 
meters  are  based.  Many  important  changes  have  been 
made  in  watt-hour  meter  construction  in  recent  j'tars 
which  have  tended  to  improve  their  accuracy  and  relia- 
bility, and  to  reduce  their  cost.  These  detail  changes, 
which  naturally  have  varied  with  each  manufacturer, 
have  been  too  numerous  to  include  in  a  brief  history  of 
engineering  principles. 


t?. 


i'an^(Oi'u\o?  vx'mcuc^)  ■  < 


Essentials  of  T 
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HE    following   discussion    of    three-phase    trans-     same  transformation 
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I  formation  relates  to  the  vector  relations  of  the 
■*■  voltages  and  currents,  the  capacity  of  trans- 
formers required  with  the  different  arrangements  and 
the  regulation  of  the  various  groups.  No  mention  is 
made  of  the  peculiar  conditions  introduced  by  certain 
of  these  connections,  or  their  relative  value  under  op- 
erating conditions. 

THREE      SINGLE-PHASE      TRANSFORMERS      CONNECTED      IN 
STAR  OR  DELTA 

In  a  three-phase  transformation  the  three  primary 
or  three  secondary  windings  of  the  transformers  may 
be  connected  in  star  or  in  delta.  With  the  star  con- 
nection the  current  in  the  windings  is  the  current  in 
the  line,  while  the  voltage  of  the  windings  is  the  line 
voltage  divided  by  y  JT    The  vector  relations  of  the 


QLoad 


FIG.    I — THREE    TRANSFORMERS    CONNECTED    IN    STAR 

various  quantities  are  shown  in  Fig.  i,  the  load  having 
a  lOO  percent  power-factor.  This  shows  that,  while 
the  current  and  voltage  in  the  windings  themselves  are 
in  phase,  the  current  /o«  in  the  line  aA,  for  example,  is 
30  degrees  out  of  phase  from  the  voltage  between  the 
lines  C  and  A  or  £ca.  With  the  delta  connection, 
the  voltage  of  the  winding  is  the  voltage  of 
the  line,  and  the  current  in  each  winding  is  the  current 
in  the  line  divided  by  y  J7  The  vector  relations  of  the 
voltages  and  currents  are  shown  in  Fig.  2,  with  a  load 
having  a  100  percent  power-factor.  In  this  case  also, 
while  the  voltage  and  current  in  each  of  the  wind- 
ings are  in  phase,  the  current  in  the  line  cC  for  ex- 
ample is  30  degrees  out  of  phase  from  the  voltage  be- 
tween the  lines  B  and  C  or  £bo.  The  k.v.a.  transformer 
capacity  required  for  a  bank  of  star  or  delta  connected 
transformers  making  a  three-phase  transformation,  is 
equal  to  the  k.v.a.  transformed.  This  is  not  the  case 
with  some  of  the  other  connections  for  the  same  trans- 
formation. Greater  transformer  capacity  required  in 
some  cases  is  due  to  the  fact  that  the  currents  and  volt- 
ages are  out  of  pha.se,  with  a  load  having  a  100  percent 
power-factor.  The  regtilation  of  a  single-phase  trans- 
former, connected  in  a  star  or  delta  connected  bank, 
is  the  same  as  with  the  transformer  operating  single 
phase.     With   some  of  the  other  connections   for  the 


conditions  are  introduced  which 
affect  the  regulation  of  the  group  of  transformers. 

TWO    TRANSFORMERS    CONNECTED    IN    OPEN    DELTA 

With  the  group  of  transformers  connected  in  delta, 
as  shown  in  Fig.  2,  if  one  of  the  transformers,  for  ex- 
ample ac  be  removed,  the  two  remaining  transformers 
are  left  connected  in  open  delta*  as  shown  in  Fig.  3. 
The  voltage  and  current  relations  remain  the  same  as 
with  the  delta  connection  and  are  shown  in  Fig.  3.  The 
currents  in  the  windings  are  now  the  currents  in  the 
lines,  and  the  currents  in  the  windings  are  30  degrees 
out  of  phase  from  the  voltages  of  the  windings,  as 
shown  in  Fig.  3.  For  this  reason  the  ratio  of  the  k.v.a. 
of  transformer  capacity  required  to  the  k.v.a.  trans- 
formed is  greater  for  this  connection  than  with  three 
transformers    connected    in    delta.     The    k.v.a.    trans- 


^    I  6  Load 


Ebc  ItC  Eab 

-THREE    TRANSFORMERS    CONNECTED    IN    DELTA 


formed   is 


ni 


and  the  k.v.a.   of   transformer   ca- 


y 


pacity  required  is  2  El.     Therefore,- 
K.v.a.  of  Transformer  Capacity        2  EI 


K.v.a.   Tram/oniieil 


EI 


=    r.fS. 


(/) 


In  other  words,  with  the  open  delta  connection  15 
percent  greater  transformer  capacity  is  required  than 
the  k.v.a.  transformed. 

Assuming  a  balanced  three-phase  load  on  the  open 
delta  bank  of  transformers  and  that  the  magnitude  and 
phase  relation  of  the  primaiy  impressed  voltages  re- 
main constant,  the  regulation  of  the  different  phases 
may  be  approximated  as  follows: — 

The  vector  relation  of  currents  and  voltages  is 
shown  in  Fig.  4  for  a  load  having  a  power- factor  of  100 
percent.  The  vector  £bo  represents  the  vector 
sum  of  the  voltage  delivered  by  the  transformer  at  full 
load  £'bo  and  the  impedance  drop  through  the  trans- 
former as  shown  by  the  impedance  triangle.  The  /  R 
component  of  the  impedance  triangle  is  in  phase  with 
the  current  ho,  and  the  reactive  component  is  at  right 
angles  to  this  current.  The  current  ho  is  30  degrees  in 
advance  of  the  voltage  £'bo,  and  the  regulation  is  calcu- 


*See  article   "The   Open    Delta  Connection"   by   Mr.  J.   B. 
Gibbs  in  the  Journal  for  Feb.  1916,  p.  100. 
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lated  in  the  regular  wa}-  for  this  condition.  Therefore 
for  the  general  case,  from  equations  (ii)  and  (12), 
section  W ,  the  regulation  for  phase  BC  equals, — 

/A",  cos  (e  -  jy=)  ^  /A'l  sin  {d  -  S0°) (^) 

Where  /i?i  is  the  percent  drop  in  voltage  through 
the  transformer  in  this  phase,  /A',  is  the  correspond- 
ing percent   reactive  drop,   and   «   is   the   angle  whose 


^V 


> 


^^1^ 


Ebc  '^c  Eab 

TIG.    3 — TWO    TP,.\XSFORMERS    CONNECTED    IN    OPEN    DELTA 

cosine  is  the  power-factor  of  the  load.  The  minus  sign 
is  to  be  used  when  the  angle  (* — 30°)  is  nega- 
tive and  the  plus  sign  when  the  angle  is  positive ;  the 
angle  0  being  positive  for  a  lagging  power-factor  and 
minus  for  a  leading  power-factor. 

In  a  similar  manner  for  phase  AB,  the  IR  compon- 
ent of  the  impedance  triangle  is  in  phase  with  the  cur- 
rent /a»,  and  the  reactive  element  is  at  right  angles  to 
this  current.  Since  the  current  /Aa  is  30  degrees  be- 
Tiind  the  voltage  £ab  the  regulation  for  phase  AB 
•equals, — 
IR,  cus  (d  +  30)  --r  IX-,  sin  ie  +  30") (3) 

Where  JR.,  and  IX^  are  the  percentage  resistance 
and  reactive  drops  in  voltage  through  the  transformer 
in  this  phase.  The  minus  sign  is  to  be  used  when  the 
angle  (^  +  30°)  is  negative  and  the  plus  sign  when  the 
angle   (»  -|-  30°)    is  positive. 

The  drop  in  voltage  across  the  phase  CA  is  the 
sum  (if  the  two  impedance  triangles  shown  in  Fig.  4. 
Since  the  IR  components  of  these  triangles  are  in  phase 
with  the  currents  /cc  and  /«a  respectively,  the  phase  re- 
lation of  the  voltage  Ea  and  the  IR  component  of  the 


•^CAfe- -IT— 


Tiiangles  for  Transformers 
be  and  ab 


ImpedanceS^X     /    7  ^  Impcdan^: 

Triangle  (yr  ^"^^    ,    ^^"^  Taj     Ti  tangle  i... 

Transfnrmer     be  Transl'imei    ab 

FIG.   4 — RECUL.\TION    OF    TWO    TRANSFORMEHS    CONNECTED    IN 

OPEN    DELTA 

For  load  having  loo  percent  power-factor. 
■equivalent  impedance  triangle  across  the  phase  C.  I  can 
be  determined.  Since  the  two  components  of  this 
equivalent  impedance  are  approximately  120  degrees 
apart  in  phase  the  vector  sum  of  the  resistance  and  re- 
active components  are,  expressed  in  the  symbolic  no- 
tation,— 


/J?  =  0.5  /A'l  +  IR,  +j  0.S66  /Ri (4) 

IX  =  o.s  IXi  +  IX,  +j  0S66  fXi (j) 

The  angle  which  the  vector  IR  makes  with  the  volt- 
age £'ci  in  Fig.  5,  is, — 

-'      0.S66  IK\ 
tan 


o.s  IRi  +  IR, 
Therefore  the  angle, — 
0.S66  IR^ 


<t>    =    d   +  jO" 


(6) 


o.s  IR,  +  /R,    

Where  6  is  the  angle  whose  cosine  equals  the 
power-factor  of  the  load.  The  expression  may  now  be 
written  for  the  regulation  of  phase  CA,  which  equals, — 
IR  COS  (j)  ^  IX sin  </) (7) 

The  minus  sign  is  to  be  used  when  the  angle  4>  is 
negative  and  tlie  plus  sign  when  this  angle  is  positive. 

Example — Find  the  regulation,  with  an  80  percent  power- 
factor  load  of  two  5  k.v.a.  transformers  connected  in  open 
delta,  the  full  load  output  of  the  bank  being  6.93  kw,  or  such 
as  to  load  the  transformers  to  their  normal  rating  of  5  k.v.a. 
each.  The  percent  resistance  and  reactive  drops  of  the  trans- 
formers under  these  conditions  being, — 
//?,  =  1.66 


For  the  phase  BC, 


I\\ 


'■i-' 


For  the  phase  AB,      ,y"  ,,0 

The  regulation  of  the  phase  BC,  from  equation   (2), — 
=  7.66  cos  Gv"  -  JO")  -I-  2.S?  sin  (j/"  -  30") 
=  1 .66  X  0.992  +  2.32  X  0.122  =  1 .93  percent . 

The  regulation  of  the  phase  AB  from  equation   (3), — 
=  2  cos  {37"  -f  JO")  -t-  2.S  sin  ( j/"  -|-  30") 
=  2  y.  0.391  -f  2.S  X  0.92  =  3.36  percent. 


FIG.    5 — VECTOR    RELATIONS    OF    THE    VOLTAGES    AND    CURRENTS 
IN   PHASE  CA 

Reproduced  to  an  enlarged  scale. 

•    The  regulation  of  the  phase  CA  is  determined  as  follows 
from  equations  (4)  and  (5), — 

IR  =  V  {0.5  y.  1.66  +  2)-  +  {p.S66  X  1.66)-  =  3. ly percent. 


IX  =  V  {0.5  X  2.32  -\-  2.SY'-  -F  {o.Sb6  X 
-'  0.S66  y.  1.66 


4>  =  37"  +  30  —tun 


2)'-  =  3. S2  percent. 

0.3  X  :.66  +  2-  -'^^■°  +-?<'  -  ''"'     o.304  =  .,o'> 
Then  from  equation   (7),  the  regulation  of  phase  CA, — 
=  3.17  X  0.766  +  3.S2  X  0.643  =  4. S9  percent. 

The   regulations   for  loads  of    100  and  80  percent   power- 
factors  may  be  tabulated  as  follows : 


Phase 

E  BC 
E  AB 
E  CA 


For  Loads  of  100% 
Power-factor 
0.28 
3-13 
3-37 


For  Loads  of  80% 
Power-factor 

1-93 
336 

4.89 


TWO    TRANSFOKMERS    CONNECTED   IN    T 


Fig.  6  shows  two  transformers  connected  in  T  for 
a  three-phase  transformation,  and  the  vector  relation 
of  the  voltages  and  currents  for  a  load  having  a  100 
percent  power-factor.  It  is  evident  that  in  the  teaser 
transformer  the  current  in  the  winding  is  in  phase  with 
the  voltage  of  the  winding,  and  in  the  main  transformer 
the  current  is  30  degrees  out  of  phase  from  the  voltage. 
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The  actual  k.v.a.  load  on  the  transformer  is  therefore 
greater     than     the     k.v.a.     transformed.       The     k.v.a. 

transformed  bv  the  two  transformers  are     -^— ^  .  and 

I'.? 
the    total    translormer    capacity    is    EI    -f    0.866    EI. 

Hence, — 

k.v.a.  of  transfonner  capacity         EI  +  0.S66  EI 

k.v.a.  transformed  ^  s  EI  °"  '■075-(<?) 

1-7 

If  the  main  and  teaser  transformers  are  duplicates, 
as  is  usually  the  case,  the  above  becomes, — 
k.v.a.  of  transfonner  capacity  z  EI 

k.v.a.  transformed  "    3  EI   ^  '-'^ (?) 

1   -^ 
which  is  the  same  as  for  two  transformers  connected 

in  open  delta. 

While  the  k.v.a.  of  transformer  capacity  required, 

for  the  T  connection  is  the  same  when  the  two  units 

are  duplicates  as  that  for  the  open  delta  connection  for 

the  same  transformation,  the  open  delta  arrangement  is 


nc.    6 — TWO   TRANSFORMERS   CONNECTED    IN   T 

ordinarily  preferable.  With  the  T  connection  the 
middle  point  of  both  primary  and  secondary  windings 
must  be  available,  and  the  design  of  the  main  trans- 
former must  be  such  that  the  impedance  encountered 
by  the  current  flowing  through  the  teaser  transformer 
and  out  through  the  main  is  not  high,  or  the  regulation 
of  the  group  will  be  seriously  impaired.  With  stand- 
ard transformers  the  middle  points  of  both  winnings 
are  not  always  available,  and  the  two  parts  of  the  wind- 
ings are  not  always  interconnected.  The  question  of 
regulation  for  this  connection  is  similar  in  some  re- 
spects to  that  of  two  Scott-connected  transformers 
making  a  three-phase  to  two-phase  transformation. 

INTERCONNECTED  STAR  CONNECTION 

The  vector  relations  of  the  voltages  and  currents 
for  the  interconnected  star  connection  for  a  load  having 
a  100  percent  power-factor  are  shown  in  Fig.  7.     The 


voltage  £..c.  equals  |  J  £•.-,  and  the  voltage  E^^a  equals- 
I  s  £"e.  Therefore  £••'  equals  one-third  Eac.  In  other 
words  each  half  of  the  secondary  winding  of  each 
transformer  has  a  voltage  of  one-third  of  the  intercon- 
nected star  voltage  between  the  lines  B  and  C  or  the 


FIG.    7 — INTERCONNECTED    STAR    CONNECTION    OF    THREE 
TRANSFORMERS 

voltage  £nc.  The  voltage  foe  for  example  between  the 
neutral  point  and  one  of  the  lines  is  30  degrees  out  of 
phase  with  the  voltages  £"e  and  £«c  of  the  two  parts  of 
secondary  winding  of  the  transformer  of  that  phase. 
Therefore  the  k.v.a.  transformed  with  this  connection 
is  less  than  the  k.v.a.  of  transformer  capacity  required. 
The  k.v.a.  transformed  is  ^  ^  EI  in  the  primary  side, 
whether  connected  delta  or  star  (the  delta  connection 
is  usually  preferable)  and  is  <5  X  1-3  EI  in  the  second- 
ary side.  The  total  k.v.a.  of  transformer  capacity  is 
therefore  V3~EI+2EI  ^^^ 


k.v.a.  of  transfortnfr  cafiacity  _ 
k.v.a.  transformed 


y  3  Ef  +  2  EI 


3  EI 


=  1.075  {10) 


V3 


A  comparison  of  the  various  connections  of 
single-phase  transformers  for  a  three-phase  transform- 
ation as  far  as  the  relative  amount  of  transformer  ca- 
pacity required  is  given  in  Table  I. 

TABLE  I— SUMMARY  OF  THE  RATIO  OF  THE  K.V.A. 

OF  TRANSFORMER  CAPACITY  TO  THE  K.V.A. 

TRANSFORMED  FOR  THE  VARIOUS 

CONNECTIONS 


Connection 


Ratio 


Three  Iransformcrs 
Three  transformers 
Two  transformers  - 
Two  transformers 
Two  transformers 
Three  transformers  - 


Star  connected 

Delta  connected 

Open  delta  connection.... 

■  T  connection 

■  T  connection  (dnplicates) 
Interconnected  star 


o 

15 
075 
15 
075 
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Electrically  Heated  Rubber  Vulcanizing  Press 


In  the  manufacture  of  rubber  stamps  and  dies,  the  pro- 
cedure is  somewhat  as  follows : — The  design  or  type  that 
it  is  desired  to  transfer  into  rubber  is  set  up  in  very  much 
the  same  manner  as  the'  type  for  printing  work,  and  consists  of 
standard  type,  zinc  etchings,  wood  cuts,  etc.  The  form  is 
placed  in  a  press,  and  a  mould  consisting  of  a  plate  of  soft, 
damp  cement  mounted  on  metal  backing  for  stiffness,  is  pressed 
down  over  the  surface.  When  a  satisfactory  impression  of  the 
type  has  been  made  in  the  mould,  the  wet  mould  is  placed  in 
an  oven  and  slowly  baked  until  it  is  dry  and  hard.  This  hard 
mould  is  then  laid  face  up  on  the  heated  bed  of  the  vulcanizing 
press  and  a  piece  of  unvulcanized  rubber  placed  on  top  of  it. 
The  head  of  the  press,  which  is  also  heated,  is  then  lowered 
until  such  a  pressure  is  exerted  that  the  combination  of  heat 
and  pressure  causes  the  rubber  to  melt  and  forces  it  into  the 
crevices  of  the  mould.  Further  application  of  heat  causes  the 
rubber  to  harden  and  completes  the  vulcanization.  The  rubber 
must  then  be  removed  from  the  press  before  continued  appli- 
cation of  heat  burns  it  and  causes  it  to  become  brittle. 


FIG.    I — ELECTRICALLY    HEATED    VULCANIZING    PRESS 

The  process  described  above  is  carried  out  in  presses 
similar  to  that  shown  in  Fig.  I,  consisting  of  a  lower  stationary 
platen  mounted  on  the  bed  of  the  machine,  and  an  upper  platen 
bolted  to  the  head  of  the  machine  and  capable  of  being  raised 
and  lowered  in  guides  by  means  of  the  hand  wheel.  Pressure 
is  exerted  between  the  two  platens  by  means  of  a  toggle  joint. 
The  raising  and  the  lowering  of  the  platen  and  the  application 
of  pressure  may  be  accomplished  in  any  other  manner.  The 
press  shovi'n  has  platens  21.5  in.  wide,  30  in.  long  and  1.5  in. 
thick. 

When  steam  is  used  to  heat  these  presses,  the  temperature 
IS  limited  by  the  steam  pressure.  As  the  upper  platen  is  mov- 
able, a  flexible  steam  connection  is  required  which  gives  con- 
siderable trouble  due  to  leakage.  Furthermore,  it  is  necessary 
to  keep  a  special  steam  generator  in  operation  in  summer  to 
supply  steam  for  these  presses.  The  use  of  electricity  as  the 
source  of  heat  overcomes  these  objections,  and,  because  of  the 
higher  temperature,  reduces  the  operating  time  and  increases 
the  production. 

When  the  time  for  vulcanizing  is  reduced  by  the  increase 
m  temperature  from  the  use  of  electric  heaters,  slight  varia- 
tions in  time  may  easily  cause  the  rubber  to  become  too  hard 
or  too  soft.  Accurate  measurements,  therefore,  become  of 
greater  importance  than  with  the  steam  vulcanizer.    It  is  ac- 


cordingly necessary  to  obtain  a  close  regulation  of  input  so  that 
the  temperature  can  be  adjusted  accurately;  to  have  an  accurate 
temperature  measuring  device;  and  to  have  an  accurate  time- 
indicating  device. 

Regulation  of  input  is  obtained  through  the  use  of  six  wide 
steel-clad  heaters  in  each  platen,  each  heater  being  30  in.  long 
by  2.25  in.  wide  by  0.25  in.  thick  and  rated  at  630  watts.  The 
heaters  are  clamped  in  grooves  machined  in  the  platens,  and 
are  connected  to  two  series-parallel  knife  switches,  as  indicated 
in  Fig.  2,  providing  eight  different  inputs.  An  accurate  tem- 
perature measurement  is  provided  by  mounting  a  small  ther- 
mometer in  the  top  platen  with  its  bulb  immersed  in  mercury 
contained  in  a  well.  An  accurate  time-indicating  device  con- 
sists of  an  electrically-operated  clock  mechanism,  provided  with 
an  alarm,  which  is  set  to  signal  at  any  desired  intcn-al  of  time 
after  the  clock  has  been  started  to  operate  by  an  electrical  con- 
nection made  when  the  platens  are  brought  together. 


Healers  In  Upper  Platen 


Table  of  Inputs 

Position  of  Switches 

Watts  Input 

Switch  1 

Switch  2 

Up 

Up 

7000 

Up 

Down 

S700 

Up 

Open 

5000 

Down 

Up 

Open 

Up 

Down 

Down 

1900 

Down 

Open 

laso 

Open 

Down 

630 

Heaters  in  Lower  Platen 


FIG.    I — CONNECTIONS  TO  GIVE  .\  WIDE  RANGE  OF  HEAT  ADJUSTMENT 

Actual  successful  operation  of  a  press,  such  as  shown  in 
Fig.  I,  showed  an  average  of  3S00  watts  required  for  continuous 
vulcanizing  of  rubber  forms  ranging  in  size  from  2  in.  by  I  in. 
by  No.  12  B.  &  S.  gage  to  17  by  12.5  in.  by  No.  7  gage,  at  an 
average  temperature  of  258  degrees  F.  The  time  required  to 
complete  a  form  varied  from  four  minutes  for  the  smaller 
sizes  to  eight  minutes  for  the  largest  sizes.  The  inputs  avail- 
able are  shown  in  Fig.  2.  The  maximum  of  7600  watts  will 
heat  a  cold  press  to  operating  temperature  in  approximately 
one  hour. 

The  above  data  were  obtained  from  an  uninsulated  press, 
and  since   rubber  has  a   low  thermal  capacity,  a  much  better 
performance  could  be  obtained  from  a  press  well  insulated  to 
reduce  to  a  minimum  the  radiation  losses,  as  practically  all  the 
heat  supplied  is  required  to  overcome  the  effects  of  radiation. 
The  advantages  of  the  electric  heat  for  this  application  are: 
I — Higher  temperature  available. 
2 — Closer  temperature  regulation. 
3 — Production  doubled. 
4 — Time  cut  in  half. 
5 — Elimination  of  leak>-  steam  pipes. 
6 — Elimination  of  steam  generator  in  summer. 

R.  A.  BoLZE 
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The    purpose    of    this    section    is    to    present 

accepted  practical  methods  used  by  oper'.ting 

companies    throughout    the    co«iritry 


The   co-operation    of    all    those    inipirested    in 

operating  and   maintaining  railway   -equipment 
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Maintenance  of  Traction  Brake  Equipment 


MOTOR   DRIVEN   COMPRESSORS 

Compressors  should  be  inspected  and  lubricated  at  regular 
car  inspection  periods  to  guard  against  air  and  oil  leaks,  the 
entrance  of  dirt  into  the  compressor,  and  general  improper 
operation.  The  best  results  will  be  obtained  when  the  oil  level 
is  not  allowed  to  fall  more  than  one-quarter  inch  below  the 
maximum,  as  determined  by  the  oil  fittings.  Galeua  compressor 
oil  is  strongly  recommended  as  most  suitable.  The-  dirty  oil 
should  be  drained  from  the  compressor  at  periods  ot  irom  6  to 
l8  months,  depending  on  the  service,  and  the  interior  c>\  the 
compressor  thoroughly  cleaned  with  gasoline,  draining  the  gaso- 
line thoroughy  before  replacing  with  fresh  oil.  The  interior  of 
the  motor  should  be  kept  clean  by  occasionally  blowing  out  ai.  ; 
wiping  out  the  motor.  Commutators  and  brushholders  shouiC 
be  kept  clean  to  maintain  best  commutation.  Brushes  must  be 
free  in  their  holders  and  renewed  in  time  to  prevent  wearing 
to  the  point  where  the  pressure  cannot  be  maintained  by  the 
brush  spring  on  the  brush.  When  commutators  become  worn 
to  the  point  where  the  slotting  has  been  worn  away,  the  com- 
mutator should  be  turned  and  reslotted. 

At  periods  of  general  overhauling  (at  I2  to  l8  month  inter- 
vals), field  coils  and  armatures  may  well  be  subjected  to  a 
gasoline  bath,  followed  by  a  thorough  drying  out  and  a  liberal 
application  of  varnish  and  shellac.  Bearings  should  be  main- 
tained, particularly  on  the  connecting  rod,  to  prevent  knocking 
or  noisy  operation.  Valves  and  valve  heads  should  be  thor- 
oughly cleaned.  The  suction  strainer  must  be  kept  clean,  as 
otherwise,  dirt  will  be  drawn  into  the  motor  and  compressor 
bearings  and  valves  are  likely  to  stick  or  wear  rapidly.  Strainers 
should  be  cleaned  at  frequent  intervals,  depending  on  the  serv- 
ice, the  more  frequently  the  better.  Close  attention  to  this 
point  will  give  a  large  return  in  the  matter  of  decreased  main- 
tenance and  increased  life  of  the  parts. 

The  compressor  should  be  entirely  dismantled  and  thor- 
oughlj'  cleaned  out  with  gasoline.  Particular  attention  should 
be  given  to  all  wearing  parts,  fits  and  adjustable  parts,  and 
proper  adjustments  made  to  eliminate  lost  motion  due  to  wear. 
It  is  important  that  the  rings  and  ring  grooves  be  cleaned  and 
that  the  rings  have  a  good  bearing  on  the  cylinder  wall  and  in 
the  groove. 

Compressor  Governors  protected  by  an  air  strainer  or  dirt 
collector  will  require  little  attention  other  than  that  incident  to 
the  general  overhauling.  Contacts  and  fingers  should,  however, 
be  kept  free  from  burrs,  so  that  any  slight  burning  will  not 
have  a  cumulative  tendency  and  result  in  serious  damage.  Con- 
tacts should  be  kept  clean  and  sparingly  lubricated. 

Piping — As  a  precaution  against  failure,  unnecessary  com- 
pressor operation  and  waste  of  compressed  air,  the  piping 
should  be  kept  tight  at  all  times. 

Reservoirs  should  be  drained  daily. 

BRAKE  VALVES 

Brake  valves  should  be  lubricated  at  regular  car  inspection 
periods.  To  oil  a  brake  valve,  it  is  necessary  first  to  exhaust 
the  air  from  the  valve.  The  oil  should  then  be  applied  through 
the  oil  plugs,  the  valve  stem  pushed  down  a  few  times,  and  the 
valve   operated   to   work   the   oil   on   to   the  various   surfaces. 


Lost  motion  or  play  between  the  handle  and  stem  prevents  the 
proper  registration  of  parts  and  should  be  eliminated. 

AUTOMATIC   VALVES 

Emergency  valves,  feed  valves  and  triple  valves  should  be 
completely  disassembled  and  thoroughly  cleaned  at  regular 
overhauling  periods.  The  only  part  of  the  feed  valve  requir- 
ing lubricant  is  the  slide  valve  which  should  be  lubricated  with 
dry  graphite.  In  emergency  and  triple  valve,  lubricate  the  slide 
valve  with  dry  graphite  and  the  piston  bushing  with  a  drop  or 
two  of  oil. 

BRAKE   CYLINDERS 

Remove  the  nuts  from  non-pressure  head  bolts ;  then  re- 
move the  piston  from  the  cylinder. 

Cleaning  Cylinders — Scrape  the  old  lubricant  from  the 
cylinder  wall  and  leakage  groove  and  wipe  these  surfaces  clean 
and  dry.  Kerosene  may  be  used  for  assisting  in  cylinder  clean- 
ing, but  must  be  completely  removed  to  prevent  serious  damage 
to  the  cylinder  gasket  and  the  packing  leather.  If  the  cylinder 
wall  is  rusted,  the  rust  should  be  removed  with  sandpaper. 

Cleaning  Piston  and  Packing  Leather — Remove  the  ex- 
pander ring  from  th6  piston.  Scrape  all  old  lubricant  from  the 
metal  part  and  packing  leather  and  wipe  all  surfaces  clean  and 
dry.  The  leather  should  be  carefully  examined  and  should  be 
removed  if  brittle,  thin  at  any  point,  cut,  cracked  or  otherwise 
defective.  Do  not  use  kerosene  or  gasolene  on  leathers.  Ex- 
amine the  piston  and  follower  plate  for  cracks  and  tighten  up 
the  follower  plate  nuts. 

Applying  New  Leathers — Examine  the  follower  studs  for 
tightness  in  the  piston.  Place  the  leather  centrally  on  the 
piston,  with  the  flesh  side  against  the  piston.  Place  the  fol- 
lower in  position.  Apply  the  nuts,  bringing  them  into  contact 
with  the  follower  without  tightening.  Then  draw  them  down 
uniformly. 

Application  of  Lubricant — Apply  a  thin  coating  of  brake 
cylinder  lubricant  to  the  wall  of  the  cylinder  with  a  brush. 
Fill  the  expander  ring  groove,  at  the  same  time  coating  the 
inside  of  the  leather  and  place  the  expander  ring  in  position. 

Assembling — The  piston  with  spring  and  non-pressure  head 
should  be  stood  on  end  with  the  flat  side  of  the  non-pressure 
head  flange  and  the  opening  of  the  expander  ring  toward  the 
workman.  With  the  piston  in  this  position,  enter  it  into  the 
cylinder.  The  sleeve  or  rod  should  then  be  slowly  raised,  and 
the  piston  moved  into  the  cylinder  until  the  upper  portion  of  the 
leather  engages  the  cylinder  wall.  Form  this  portion  of  the 
leather  into  the  cylinder  with  a  dull  edge,  round  cornered  putty 
knife  or  siinilar  instrument,  while  the  sleeve  or  rod  is  being 
gradually  raised,  taking  special  care  not  to  crimp  or  otherwise 
damage  the  leather.  Then  pull  upward  and  outward  on  the 
sleeve  or  rod  until  it  is  in  a  horizontal  position.  Push  the 
piston-  to  its  release  position  and  then  raise  the  sleeve  or  rod 
to  the  top  of  the  cylinder  to  determine  whether  the  expander  is 
in  its  proper  position,  which  will  be  indicated  by  freedom  of 
movement.  These  instructions  for  assembling  apply  particularly 
when  the  brake  cylinder  is  in  a  horizontal  position.  However, 
for  other  positions,  the  methods  employed  must  be  changed  as 
required  to  produce  similar  results.  P.  L.  Crittenden. 
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11 R  subscribers  are  invited  to  use  this  department  as  a  means  of  sccurinj,' 
iiitlicntic  information  on  electrital  and  nicclv.inical  subjects.  The  topics 
sliotild  be  of  ncneral  interest;  infornialion  in\ oh  injj,  tile  specific  desii;n  of 
indi\idual  pieces  of  a|)paratus  is  not  supplied.  Cite  should  be  used  to 
include  all  data  necessar)'  for  an  intelligent  answer. 


A  Pf^RSON.AL  renly  is  mailed  to  each  questioner  enclosint;  a  stamped,  self 
addressed  en\'cIope  as  soon  as  the  necessary  information  can  be  obtained. 
Anon>nious  ([uestions  cannot  be  considereil.  .As  each  (|uestion  is  answered 
by  .in  expert  on  the  sufiject  iin  oKctl,  anil  checked  by  at  least  two  others, 
a  reasonable  lenj^th  of  time  should  be  allowed  before  expecting  an  answer. 


1678 — Ground  on  System — We  have  a 
giDtind  detecting  system  on  the  switoh- 
noard  from  bus-bars  at  550  vohs  and 
of  course  we  cannot  find  out  on  which 
circuit  the  ground  is  unless  we  throw 
each  switch  out  one  after  the  other. 
Would  you  tell  me  some  arrangement 
to  find  out  which  circuit  the  ground 
would  be  on  without  throwing  switch 
out?  There  are  six  circuits  at  the 
station. 

A. A.    (NEW    BI^UNSWICK) 

We  see  no  way  of  accomplishing  this, 
as  all  the  circuits  will  be  connected  when 
the  switches  are  closed,  and  the  ground- 
ing of  one  circuit  would  make  electrical 
Connection  to  all  other  parts.  This  will 
be  readily  appreciated  if  you  make  a 
complete  diagram  of  the  circuits  and 
assume  a  condition  of  ground  on  any 
one  of  them.  f.c.h. 

t679=-tNbucTiJN  Motor  Oi'E'.<ation — (a) 
A  test  on  a  new  20  hp  three-phase, 
Squirrel-cage  motor  ur/Jer  full  load 
and  running  at  rated  '-peed  shows  67, 
58,  and  62  amperes  if.  the  three  leads 
at  the  same  instant.  Would  like  to 
know  what  causes  such  a  variation. 
Should  they  not  be  more  nearly  the 
same  if  everything  is  O.  K.?  (b) 
What  Would  be  the  symptoms  if  one 
phase  winding  in  the  motor  was  re- 
Vel-sed  and  also  if  only  one-half  or 
one-fourth  of  a  pha>e  winding  was 
teversed?  (c)  What  is  meant  when 
inductance  or  resistance  is  expressed 
in  percent?  m  k.s.   (cold.) 

(a)  If  everything  in  the  motor  is 
exactly  symmetrical,  including  the  air- 
gap,  and  the  motor  is  pijperly  wound 
and  connected,  the  three  phases  should 


FIG.    1679(a) 

balance  within  narrow  limits.  In  mak- 
ing many  combinations  of  phases,  volt- 
ages and  poles  on  the  same  laminated 
core,  it  sometimes  happens  that  the 
number  of  slots  is  not  an  exact  multiple 
of  the  phases  times  the  poles.  This 
necessitates  some  slight  dissymmetry 
which  is  of  no  real  detriment  to  the 
operation  of  the  motor  but  which  is 
noticeable.  However  it  is  well  always 
to  investigate  and  make  sure  there  is  a 
real  reason  for  such  unbalance,  (b) 
Refer  to  article  in  the  .Toui!Nal  for  Dec. 
iqi7,  p.  509,  (c)  The  inductance  or  re- 
sistance itself  is  usually  not  expressed 
in  percent  but  the  product  of  the  in- 
ductance or  the  resistance  and  the  fuU- 


load  current,  known  as  the  XI  or  the 
RI  drop,  is  sometimes  given  as  a  per- 
centage of  the  voltage  generated  or  in- 
duced in  the  stator  winding  by  the 
rotating  field.  This  is  shown  by  Fig, 
(a).  The  resistance  in  ohms  times  the 
full-load  current  01  would  give  the 
vector   P-A    or   the   RI   drop  parallel   to 

AE 
01.  The  quantity — q£"  =  percent  re- 
sistance drop.  Similarly,  the  reactance 
in  ohms  times  01  gives  the  vector  AB 
at  right  angles  to  01  or  XI  drop.  The 
quantity  AB  -H  OE  =  percent  reactance 
drop.  A,M  D. 

1680 — Induction  Motor  Vkntilating 
Ducts— We  have  a  40  hp,  .  e-phase, 
60  cycle,  4.10  volt,  1800  r.p  n.  it  duction 
motor,  with  squirrel-cage  rotor.  Both 
the  stator  and  the  rotor  in  this  motor 
have  ventilating  ducts  about  %  inches 
wide  in  the  laminations.  The  ducts 
in  the  stator,  of  which  there  are  two 
rows,  are  in  line  with  those  in  the 
rotor.  The  air-gap  in  this  motor  is 
about  1/32  inches.  In  every  other 
duct  in  the  rotor  there  is  a  thin  wedge 
apparently  fastened  down  in  the  spider 
holding  the  end  laminations  in  place 
keeping  them  from  fanning  out.  In 
the  other  ducts,  the  laminations  do 
fan  or  spread  out,  break  off,  get  be- 
tween rotor  and  stator,  and  cause  con- 
siderable damage  to  stator  coils.  The 
laminations  in  the  stator  are  also 
found  bent  over  and  broken  m  the 
same  manner.  Kindlv  advise  if  pos- 
sible the  cause  of  this  trouble,  and 
what  steps  to  take  to  prevent  any 
more  damage  to  the  coils.  We  have 
had  to  rewind  the  stator  once  and_  at 
present  the  coils  are  in  such  condition 
that  we  cannot  use  the  motor.  The 
motor  is  comparatively  new,  having 
been  in  actual  use  less  than  one  year. 
E.B.  (ark.) 

The  trouble  described  is  evidently  due 
to  faulty  mechanical  construction,  if  one 
may  judge  correctly  from  the  descrip- 
tion. From  the  data  given  it  appears 
that  some  of  the  ventilating  ducts  have 
a  "spacer"  or  "ventilating  plate"  which 
stops  at  the  bottom  of  the  slots,  as  at 
A  in  Fig.  (a)  while  the  other  ducts  have 
a   proper  ventilating  plate   with   fingers 


Laminauons 


FIG.    1680(a) 


extending  up  to  the  point  B  and  support- 
ing the  tooth  laminations.  If  these 
teeth  are  not  supported  they  vibrate 
I)ack  and  forth  into  the  ventilating  duct 
and  finally  break  off  at  the  top  of  A  as 
shown.  The  remedy  would  be  to  take 
off  .all  the  coils  and  tear  down  the  core 


and  rebuild  it  using  a  proper  ventilating 
plate  or  support  with  fingers  as  shown 
at  B.  It  is  not  customary  among  builders 
of  present  day  standard  apparatus  to 
make  such  a  variation  between  the 
ventilating  plates  in  the  different  ducts 
in  the  same  core,  so  that  it  may  be  this 
particular  motor  has  a  history  which 
accounts   for  its  condition.  a. Ml). 

1 682— Current    Transformer    Regula- 
tion— I    have    a    portable   graphic   al- 
ternating-current,   60    cycle    ammeter 
range,  o  to  5  amperes,  that  has  been 
calibrated    with     a     portable     current 
transformer.  The  current  transformer 
ratios  are  as  follows : — Main  lead  once 
through    the    transformer    1600    to    5 
amperes,  main  lead  twice  through  the 
transformer   800   to   S   amperes,   main 
lead    four    times    through    the    trans- 
former 400  to  5  amperes,     (a)   Can  I 
.get  an  accurate  full  scale  reading  of 
200  amperes  by  passing  the  main  lead 
eight  times  through  the  current  trans- 
former?    (b)   Does  the  length  of  the 
leads  from  the  instrument  to  the  ter- 
minals   of    the    current    transformer 
affect  the  readin.gs?     (c)  Will  the  in- 
strument read  accurately  if  connected 
up    to    any    standard    current    trans- 
former, the  full  load  secondary  current 
of  which   is   not  more  than  five  am- 
peres? J.A.s.   (MINN.) 
(a)  Yes.     (b)  Yes.     The  resistance  of 
the   secondary  circuit   materially  affects 
the  current  which  flows   and  hence  the 
reading  of   the   instrument.     Frequently 
such    instruments    are    calibrated    with 
special    standard   leads,    and   if    so,    the 
special  leads   should  be  used.     If  there 
are   no   special   leads,   the   resistance   of 
the  secondary  circuit  should  be  kept  as 
low  as  possible.     The  length  of  the  leads 
has  no  effect  in  itself,  provided  they  are 
of  sufficient  size  to  have  a  low  resistance, 
(c)  If  the  standard  current  transformer 
has   the  same   regulation  as  the  special 
transformer,  it  can  be  substituted  with- 
out affecting  the  accuracy  of  the  instru- 
ment.    If   it   has   better   regulatioti,    the 
instrument  will  read  high  and,  if  it  has 
poorer    regulation,    the    instrument   will 
read  low.       Probably  the  difference  will 
be  negligible.  c.  r.  r. 

16R3 — Induction  Motor  Poles — (a)  Is 
it  necessary  that  the  stator  and  rotor 
of  an  induction  motor  of  the  wound- 
rotor  type  have  the  same  number  of 
poles?  (b)  With  a  wound-rotor 
multispeed  motor  must  the  rotor  Ee 
changed  to  correspond  to  the  stator? 
(c)  In  reconnecting  a  stator  for  con- 
sequent poles  must  the  rotor  winding 
be  changed?  (d)  What  is  the  effect 
of  operating  with  a  different  number 
of  poles  in  the  stator  and  rotor  wind- 
ing? G.F.    (ill.) 

(a)  Yes.  (b)  In  general,  yes.  An 
interesting  exception  is  described  in  the 
Journal  for  Aug.,  1918.  p.  310,  where 
a  two-speed  motor  has  the  secondary 
winding  so  connected  that  certain  leads 
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act  as  cross-connections  for  one  speed 
and  as  short-circuiting  connections  for 
the  other  speed,  so  that  no  secondary 
changes  are  necessary  in  changing  from 
one  primary  connection  to  the  other, 
(c)  Yes.  (d)  The  number  of  poles 
(that  is  the  allocation  of  the  flux)  is 
determined  by  the  primary  winding.  If 
the  secondary  winding  is  not  suited  to 
this  arrangement  of  the  flux,  bucking 
voltages  will  be  generated  in  the  second- 
ary winding  which  will  seriously  impair 
the  operation  of  the  motor.  c.k.r. 

16S4— C  u  R  R  E  N  T  Tr.\nsformers — We 
have  a  customer  using  about  425  kilo- 
watts at  40  cycles,  three-phase,  2300 
volts.  The  current  transformers  used 
in  connection  with  the  meters  for 
measuring  this  power  are  120  to  5 
amperes.  We  expect  within  the  near 
future  the  customer  may  desire  800 
kilowatts  and,  as  the  current  trans- 
formers are  not  of  suflicient  capacity 
to  handle  this  extra  demand,  the  fol- 
lowing connection  has  been  proposed, 
in  order  that  we  could  use  the  two 
present  current  transformers  with  two 
others  which  are  exact  duplicates  of 
them  and  which  we  have  on  hand  and 
not  in  use,  in  order  to  properly  mea- 
sure the  power  on  our  present  meters, 
using  a  multiplier  of  two  to  get  a 
correct  reading.  Please  advise  if  the 
connection  in  Fig.  (a)  would  give  a 
correct  reading  on  the  indicating  watt- 
meter, the  ammeter,  and  the  watthour 
meter  if  multiplied  by  two. 

C.T.M.    ( MAINE) 

If  the  120  ampere  to  5  ampere,  cur- 
rent transformers  are  connected  as 
shown  with  primaries  in  parallel  and 
secondaries   in   series,   the   ratio   of   the 


combination  will  be  changed  to  240 
ampere  to  5  amperes  and  using  a  multi- 
plier of  two  will  give  the  correct  read- 
ing on  the  meters.  A  new  scale  could 
be  very  easily  made  for  the  ammeter 
and  wattmeter  so  that  the  true  reading 
could  be  obtained  directly.  The  watt- 
hour  meter  however,  would  require  a 
new  gear  train  to  avoid  using  a  multi- 
plier. In  making  the  connections, 
proper  precaution  should  be  taken  so 
that  the  load  will  be  distributed  as 
evenly  as  possible  between  the  two  trans- 
formers. If  there  is  any  tendency  for 
the  current  in  the  primary  circuit  to 
be  distributed     unequally     in     the     two 


Source  2300  Volt 
Line 


Load 
FIG.    1684(a) 

branches,  this  will  be  opposed  by  the 
current  in  the  secondaries,  which  must 
lie  the  same  in  both  transformers.  This 
will  have  the  same  effect  as  introducing 
resistance  into  the  secondary  circuit, 
which  will  affect  the  ratio  of  trans- 
formation more  or  less,  depending  upon 
the  extent  of  the  unbalancing.  It  is  im- 
possible to  operate  transformers  of 
large  current  capacity  with  the  primaries 
in  parallel  as  suggested,  since  it  is 
practically  impossible  to  get  the  current 
to  divide  equally  ;n  the  branches  with- 


out excessive  change  in  ratio.  How- 
ever, in  traiusformers  of  the  size  you 
mention  the  operation  will  probably  be 
quite  satis  factor}'  if  due  precautions  are 
exercised  to  keep  the  resistance  in  the 
two  circuits  exactly  equal. 

A.F.D.  and  w.R.vv. 

1685 — Reconnecting  Induction  Motors 
-^I  have  a  35  hp,  three-phase  induc- 
tion motor,  which  is  wound  single 
layer,  that  is  to  say  there  are  72  slots 
and  36  coils.  Each  side  of  a  coil 
takes  up  a  complete  slot.  I  desire  to 
rewind  this  motor  and  change  it  to 
two  layers  having  72  coils.  Would  it 
be  necessary  to  make  any  changes, 
such  as  the  span  of  the  coils,  or  num- 
ber of  turns  per  coil?  Also  what  is 
the  advantage  in  winding  a  stator 
single  layer?  e.m.   (mo.) 

With  the  two  coil  per  slot  winding 
there  is  less  space  for  the  copper,  as  it 
is  necessarj'  to  insulate  between  the  two 
coils  in  the  slot,  so  it  may  not  be  pos- 
sible to  get  in  the  slot  as  many  con- 
ductors of  the  same  size  wire  as  were 
used  on  the  one  coil  per  slot  winding. 
If  it  is  possible  to  get  as  many  con- 
ductors per  slot  as  before,  each  coil 
should  have  half  as  many  turns  as  be- 
fore, since  there  are  twice  as  many  coils 
and  the  throw  of  the  coils  should  be  the 
same.  If  it  is  not  possible  to  get  as 
many  conductors  in  the  slots,  the  num- 
ber of  conductors  may  be  reduced 
slightly  or  if  the  motor  is  not  close  on 
temperature,  a  smaller  size  of  wire  with 
the  same  number  of  conductors  per  slot 
may  be  used.  About  the  only  advantage 
of  the  one  coil  winding  over  the  two 
coil  winding  is  the  greater  copper  space 
in  the  slot  as  stated  above.  d.b.r. 


Protect  Not  Only  Your  Equipment 
But  Also  Your  Workers 
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You  have  more  inexperienced  help  in  your  shops  now  than 
ever  before;  most  concerns  have  in  these  days  of  labor  scarcity. 
It  is,  therefore,  more  important  now  than  ever  before  that  you 
use  every  possible  means  to  protect  against  carelessness  or 
ignorance,  not  only  those  ''green"  men,  but  also  the  equipment 
which  they  must  operate.  It  is  right  here  you  will  appreciate  the 
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Safety  Service  Motor  Starting 
Switch — Box  Closed 


Safety  Service''  Motor  Starting  Switch 

In  Steel  Box  Operated  from  the  Outside 

No  Danger  of  Shock  in  Renewing 

Fuses  or  in  Opening  and 

Closing  Switch 

Here  are  the  Reagons— Switch  is  entirely  enclosed  and 
operated  from  outside.  Box  cannot  be  opened  until 
switch  is  in  "  off  "  position. 

Here  is  the  Result — Workers  and  Equipment  are  Both 
Protected. 

Send  for  Our  Bulletin  describing  ''Safety  Service"  Knife  Syvitches 

THE  TRUMBULL  ELECTRIC  MFG.  CO. 

FLAINVILLE,   CONNECTICUT 
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Philip.      An 
1-1.  W-llilO. 


Editorial  Resume — (E)  W-800.  A'ol. 
XI.    p.    393,    .lune,    -14. 

Tile  Hisk  Involveil  in  Direetini^  a 
stream    of   Water  onto   n    High   Tension 

Line— T-2,  C-3,  1-1,  W-1340.  Vol.  XI, 
p.    450,    Aug.,    •U. 

Iiiilii.strial  Hazards  of  Low  A'oltages — 

Charles  A.  Laulfer,  M.  D.  W-3520.  Vol. 
XIV,  p.  491;.    Dec,  '17. 

(E)   Chas.   R.   Riker.     W-210,  p.   485. 
'I'lie     EnuiiieerinK     Evolution     of     Elee- 
trieal .Apparatus — 

1 — The  Beginnings  of  the  Alternat- 
ing-Current System — Chas.  P.  Scott. 
C-l,  1-13.  W-6775.  Vol.  XI,  p.  28.  Jan,, 
'14. 

II,  III.  IV — The  Alternating-Current 
Generator  in  America — B.  G.  Lamme. 
D-2.  1-29,  W-l(i  000.  Vol.  XI,  p.  73,  Feb., 
'14;    p.    120,   Mar.,    '14;    p.    221,   Api'.,    '14. 

\,  VI — The  Evolution  of  the  Poly- 
phase Induction  Motor — R.  S.  Feicht. 
1-29,  W-7S40.  Vol.  XI,  p.  398,  July,  '14; 
p.    437,    Aug.,    '14. 

VII — The  Evolution  of  the  Trans- 
former— J.  S.  Peck.     1-19,  W-4340.     Vol, 

XI,  p.   470.   Sept.,   '14. 

VIII — The  Evolution  of  Industrial 
Controller.s — T.  S.  Perkins.  D-1,  1-30. 
\V-372u.      Vol.   XI,   p.   695,   Dec,   '14. 

IX — The  History  of  the  Rotary  Con-, 
verier  in  America — F.  D.  Newbury,  D-2, 
1-24,    W-6190.     Vol.  XII,   p.   27,  Jan.,  '15. 

X.  XI.  XII,  XIII — The  Development 
of  the  Direct-Current  Generator — B.  G. 
Lamme.  I-IO,  W-30  130.  Vol.  XII.  p. 
05.  Feb..  'IS:  p.  115.  Mar.,  '15:  p.  164, 
Api-.,  '15:   p.  212,  May.  '15. 

.vn',  XA',  -XA'I — The  Evolution  of  the 
Switchboard — B.  P.  Rowe.  1-66.  W- 
111450.  Vol.  XII.  p.  320.  July.  '15;  p. 
370.   Aug.,   '15:   p.   408,   Sept.,   '15. 

.VVII.  -Will.  .MX.  .X-\ — The  History 
of  the  Arc  Lamp — F.  Conrad  and  W.  A. 
Darrah.    C-l,  D-12,  1-49,   W-10  900.    Vol. 

XII,  p.  517,  Nov.,  15:  p.  560,  Dec,  '15: 
Vxi.  Xlil,  p.  103,  Feb.,  '16;  p.  140,  Mar., 
'16. 
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\XI,  X.\ll — The  History  of  the 
l.iijhtninK  Aripstcr — A.  J.  Wiirts.  V-". 
I -11,  W-fiSOn.  Vol.  XIII,  p.  187.  Apr.. 
'16:   p.   20!l,   Muv,   •!(;. 

XXIII — The  Hist.iry  of  the  LiKhtnin^ 
Arrester— H.  r.  .Jatk.-ion.  D-2,  1-7,  W- 
1870.     Vo].  XIII,  p.  2IUI.  .June.  '16. 

X.VIV,  XXV.  XXM,  XX  Ml— A  His- 
torical Review  of  Steam  Turbine  Prog- 
ress— Francis  Hodskinson.  C-S,  I-3:i. 
W-IOOOO.  Vol.  XV.  p.  S.  Jan..  '18;  p. 
57,  Feb.,  'IS;  p.  82,  .Mar.,  '18;  p.  130, 
Apr..  -IS. 

(E)    E.   H.   Sniffln.     W-400,   p.   2. 

XXVIII — A  Discvission  of  Recent 
Steam  Condenser  Development — R.  N. 
Ehrhart.  l-C,  W-ISOO.  Vol.  XV,  p.  II 'J. 
aiav,  'IS. 

(E)   Chas.  R.   Riker.     W-200,  p.   143. 

XXIX — The  Technical  Story  of  the 
Frequencies — li.  G.  Lamme.  \V-7100. 
Vol.   XV,   p.    230,   .lune.   'IS. 

XXX,  XXXI.  XXXII — The  History  of 
Indicatina  Meters — Chas.  R.  Riker. 
T-1,  D-7.  I-3G,  W-7800.  Vol.  XV,  p.  271, 
July,  'IS;  p.  318,  Aug.,  '18;  p.  357.  Sept., 
•IS. 

XXXIII.  XXXIV — The  Development 
of  the  Street  Railway  Motor  in  Amei- 
ica — B.  G.  Lamme.  D-1,  1-15,  W-9900. 
Vol.  XV,  p.  408,  Oct.,  'IS;  p.  454,  Nov., 
•18. 

XXXV — The  History  of  the  Watt- 
Hour  Meter  in  America — Chas.  R. 
Riker.  1-17,  W-3400.  A'ol.  XV,  p.  504, 
Dec,   'IS. 

Trees  Killed  by  Kleetricity — QB,  1226. 

Iviiul   of   Ciirront — QIl,    1365. 


MATERIALS 

KlVeet  of  Direction  of  <;r:iiii  in  ->las- 
netip    Properties    of    Sheets    ol'    Steel — L.. 

W.  Chubb  and  T.  Spooner.  T-S,  C-6, 
l>-3.  AV-1680.  Vol.  XIII,  p.  393,  Aug-., 
'Ifi. 

Slayrnetic  Properties  of  Sheet  Steel — 
T.  Spooner.  A  general  discussion  of 
properties  and  measurements.  T-2,  C- 
10,  D-4,  1-2,  W-6155.  Vol.  XIV,  p.  90. 
Mar.,   '17. 

The  Cost  of  Kieetrleal  Rn^v  Materials 
— C.  S.  Cook.  (E)  \V-460.  Vol.  XIII,  p. 
439,  Oct..   'Ifi. 

Silicon   Steel— EN,   XI 11.    151. 

Kft'eet  of  Current  on  Steel  Hails — 
QI!.    Inlt;. 

Keiolite — QB,    1.5tiH. 

>laKnetie  Qualities  of  tlaii;;an4'se 
Steel — QB,    15fi7. 

I'reeee  'I'estin^i  of  faaUanized  Iron — 
Qi:.    1627. 

t'opper   Zine    Soliler — QB.    1651. 

Iteslstanee    of    Metals — QB,     1652. 

Insulation 

Some    Praietleal    Insuhition    Pri>lilenis 

— B.  G.  Lamme.  Heat  conductivity. 
IMechanical  strength.  Moisture  proof- 
ing:.    W-5000.     Vol.  XII,   p.  39,  Jan.,  '15. 

Dielectric  I,osses  in  Insulating  Ma- 
terials— C.  K.  Skinner.  Relation  be- 
tween insulation  losses,  power-factor, 
resistance  and  temperature.  T-1,  C-30, 
D-3.  1-6,  W-6310.  Vol.  XIV,  p.  260. 
July,   '17. 

A  (inality  Test  for  Sheet  Insulation 
— Phillips  Thomas.  Comparison  of  pow- 
er-factors as  low  as  0.5  percent  in  ca- 
pacities as  small  as  0.0005  microfarads. 
D-3,  W-2120.     Vol.  XI,   p.   628,   Nov.,   '14. 

Periodical  Insulation  Tests — P.  M. 
Lincoln.  (E)  W-580.  Vol.  XIV,  p.  374, 
Oct.,   '17. 

Periodiejil  Insulation  Tests — P.  M. 
Lincoln.  To  determine  condition  of 
generators.  W-1700.  Vol.  XV,  p.  92, 
Mar..    '18. 

Industrial  Motor  Insulation — J.  L. 
Uylander.  W-1S60.  Vol.  XII.  p.  558. 
Pc-c.   '15. 

The  Kleetrolytic  Insulation  of  Aliini- 
inuni  Wire — C.  E.  Skinner  and  L.  W. 
Clnibb.  Process.  Properties.  T-1.  D-5. 
W-2170.      Vol.   XII,    p.    78,    Feb.,    '15. 

Insulating  Tapes  and  Their  Applica- 
tion— Dean  Harvey.  Cotton.  Silk. 
Linen.  Asbestos.  Mica.  Rubber.  Fric- 
tion. C-1,  D-1,  1-5,  W-2620.  Vol.  XIV, 
p.   173,   May,   '17. 

Vaeiiuiii    Inipregnatins? — EN,  XII,    40. 

^oltUKc   (Gradient — EN,    XII,    46. 

<iauze  Tape — EN,  XII,    46. 

insulation    Itesistanee — EN,   XI  I,    SS. 

Insiilaliun    Kurn-Out — QB,    1088. 

ll:ilielite   iini>re!;nation — QB.   1100. 

Sol\eiit    for   llakelite — QB,    1273. 

l(4>iiio>  iiiK   Insulation — QB,   1103,   1137. 

\  arnishes-    QB.    1227. 

I<esi<tanee — QB,    1454. 

l:ile<t    of    Oil — QB,    1492. 

lOiianiel  Insulation — QB,  1670. 


I\SI  l,AT<ll<S 

l-;leetrical  I'oreelain — <_',.  I.  Gilchresl 
and  T.  A.  Klinefelter.  Selection  of 
matei-ial.  Mechanical  treatment.  Form- 
ing. Drying.  Hurnine.  1-5,  AV-320fl. 
Vol.    XV,    p.    36,    Feb.,   'IS. 

(E)    K.   P.  Jackson.      \V-300.  p.   35. 

I''.\periiuental  InvestiK'iltlon  of  Porce- 
lain Mixes — G.  I.  Gilchrest  and  T.  A. 
Klinefelter.  Investigation  of  ease  of 
working;  Color;  Fracture;  Specific 
gravity;  Absorption:  Shrinkage;  Dielec- 
tric strength;  liesistance  to  mechan- 
ical blows  and  local  heat.  C-9,  1-2, 
\\'-280U.      Vol,   X\'.    p.    77.   M;ii-..   'IS. 

'I'lie  Design  of  Porcelain  Insulators 
from  the  Tlieoretiejil  Standpoint — G.  I. 
Gilchrest  and  T.  A.  Klinefelter.  D-1, 
l-:i.    \V-30U0.      Vol.   XV.    p.    443.    Nov.,    'IS. 

'I'lie  Desi^rn  of  Porcelain  Insulators 
from  tlie  <'4TaiMic  St:ind|>4»int — G.  I.  Gil- 
iln.st  and  T.  A.  Klini'feltor.  1-6,  W- 
49011.      Vol.   XV.    p.    4S9.    Dec.   '18. 

Methods  of  Testins  p;leetrieal  Porce- 
lain— A.  Chernyshoff  and  C.  A.  Butman. 
Short  impulse.  Single  impact  and  high 
freijuencv  methods.  The  theory  of 
ionization.  T-8,  C-2,  D-3,  1-13,  AV- 
4540.     Vol.  XII,   p.   282,  June.  '15. 

Cementing;  Porcelain  Insulators — EN, 
XV.    180. 

Insulator   Cement — QB.    1145. 

I-'rost   on   Insulators — QB.    1195. 

Detecting   Faulty  Insulators — QB,1210. 

I>iist  on   Insulators — QB.   1410. 

MEASUREMENT 
General 

Pleasuring    Idle    Volt-Amperes — H.    B. 

Tiivlor.  Wattmeter  connections.  D-2, 
1-2"  T-1,  W-12i;0.     Vol.  XI,  p.  97,  Feb.,  '14. 

Ueactive-Fnctor  Meter — QB,   1417. 

Ceatral  Station  Testing;  Departments 
-Alexander  Maxwell.  D-1,  W-2240. 
Vol.  XII,  p.  230.  June,  '15. 

'/.  Connections — A.  J.  A.  Peterson.  T-2. 
D-15.  W-1940.    Vol.  XII,  p.  622,  Nov.,  '15. 

<  urrent  in  Three-Phase  Circuit  with 
One    Ammeter — QB.    1030. 

Po«er  in   One  Direction — QB,   114S. 

I'oiver  Measurements — QB,   1212.   1213. 

l/eading    Oscillograms — QB.    1299. 

Calculating  I'ower  from  Improperly 
I'oiiiifM-ti'd    Transformers — QB,    1595. 

Liquid    I'ol.-irity    Indicator — QB.    1604. 

Meters 

Types   and    Uses   of   tirapliic    Meters — 

Paul  MacGahan.     C-3.  1-4,  W-2500.    Vol. 

XI.  p.    369.   June.    '14. 
Classiflcation,    Construction    and    A|i- 

nlieation  of  Graphic  Recording  Meters 
—A.    E.    Allen.      D-1.    1-5,    W-3250.      Vol. 

XII.  p.   497.  Nov..  '15. 
Constant    of — QB.    1044. 
Connections— QB.    12S8. 

The  Vse  of  Graphic  Instruments  in 
Improving  the  Operation  of  Electrical 
Vpparatus  and  ISeducing  Cost  of  Main- 
tenance— J.  H.  Overpeck.  T-2.  C-3,  W- 
1700.      Vol.   XV,    p.    354,    Sept.,   '18. 

The  Selection  of  Demand  Meters — C. 
A.  Boddie.  \V-600.  Vol.  XV,  p.  210, 
June,   'IS. 

Portable  Indicating  Meters — H.  B. 
Taylor.  1-5,  W-2335.  Vol.  XI,  p.  373. 
June.    '14. 

The  History  of  Indicating  Meters — 
Cha.s.  R.  Riker.  T-1.  D-7.  1-36.  W-7600. 
Vol.  XV.  p.  271.  July,  '18;  p.  318.  Aug.. 
■18:    p.    357,   Sept.,   '18. 

Instrument  Trans.  Ratio — QB,   1094. 

Multiplier — QB,    1155. 

Ammeter    Shunt — QB.    1251. 

:t-Phase    Power-Factor — EN,  XIII,  235. 

Testing  Power-Factor  Meter — QB, 
1270. 

Power-Factor  Meter  Connections — 
Ql;.     14  99. 

Klul   Shake   Adjustment — QB,    1557. 

Iteaetive    Factor — QB,    1578. 

Power-Factor    Readings — QB,    1611. 

Wattmeters 

Periodic  Meter  Tests — Chas.  R.  Riker. 

IK)    W-inn.     \„\.  XV.  p.  482.  Dec,  '18. 

The  History  of  the  ^Vatt-llour  Meter 
in  .Vmerica — ("has.  R.  Riker.  1-17,  W- 
:;  KMi.     Vol.  XV,   p.  504,  Dec,   '18. 

Walt-Hour  Demand  Meters — C.  A. 
lioddie.  Principles  of  operation.  Ap- 
plication. 1-7,  W-3180.  Vol.  XI,  p.  314, 
.lune,    '14. 

Measuring  Maximum  Demanil.s — S.  G. 
Ilibben.       c-2.     D-1,     1-3,     W-2S45.       Vol. 

XIII.  p.    582.   Dec,   '16. 
Calibration— QB,    1058. 
Wattmeter     Connections  —  QB,      106/, 

1151,    1185,    1225. 


Cai>a<'ily   of   Meter  Trans. — QB,    1105. 

Tlircc-Pha.se    Leads — QB,    1128. 

Testing    Speed — QB,    1138. 

Testing   I'olyphase — QB.    1182. 

\\attlc»is  Component  Meter — QB.  1190. 

(  <ins(ant — QB.    1294. 

\  il. ration— QB,    1325. 

Itciit    Pointer — QB,    1332. 

I'^nicrgencv  Polyphase  Connections — 
Qi;,    14. -.5. 

Lag    Ail.iustmeat — QB,    1462. 

Totalizing    C<»nncctions — QB,    1466. 

lOrratie    Op<Talion — QB,    1483. 

Ma-tering   Open    Delta — QB,    14  94. 

DynaiMonieter   Springs — QB,    1514. 

I    I'll.   I.o.-id  on  :t  Ph.   Meter — QB.   1606. 

lletcr  < Onstant — QB.    1625. 

Totalizing  W  atthour  Meter — QB.    1653. 

One  Single-Phase  Meter  on  Three- 
Pliase    (  ircuit — QB.    1655. 

Voltmeters  and  Ammeters 

The  Itoot  >Iean  Square  Current  ."^leter 

—  n.  C.  Hershberger.  Principle.  Oper- 
ation. Application.  C-3.  1-4,  W-2623. 
Vol.   XIV,   p.   59,   Feb.,  '17. 

Ammeter   Polarity — QB,    153G. 

Relays 

The  Use  of  I»roteetl^e  Relays  on  A. 
C.  Systems — L.  N.  Crichton.  Radial  dis- 
tribution. Parallel  feeders.  Ring-  sys- 
tems. Networks.  Calculation  of  short- 
circuit  current.  Relay  accuracy.  Ef- 
fect of  unbalanced  short-circuits.  The  . 
protection  of  apparatus.  T-2.  C-5.  D-13. 
1-2,  V.--S500.     A'ol.  XIII.  p.  339,  July,  '16. 

Relay  Operation  on  Heavy  Short-Cir- 
,,„its — L.  N.  Crichton.  C-1,  D-5,  1-4,  W- 
1810.     Vol.  XIV,  p.  463,  Nov.,  '17. 

The  Protection  of  Transmission  Cir- 
cuits by  Relays — F.  E.  Ricketts.  C-5, 
D-5,  I-l.  -\V-20S5.  Vol.  XI,  p.  227.  Apr., 
'14. 

(E)    P.    MacGahan.      W-350,    p.    185. 

Recent  Protective  Relay  Develop- 
ment.s — E.  A.  Hester.  Temperature, 
voltage  and  transfer  relays.  C-3,  D-9, 
1-5,  W-3500.     Vol.  XV,  p.  217,  June,  '18. 

The  Selective  Time  Element  of  Re- 
lay.s — Paul  MacGahan.  Types.  Rela- 
tion to  circuit  breaker  rating:.  C-3,  D-2, 
1-4,   AV-2485.      Vol.   XII,    p.    91,  Mar.,    '15. 

(E)    V.    E.    Ricketts.      W-365,    p.    90. 

Reverse  Power  Relay's — Paul  MacGa- 
han and  B.  H.  Smith.  Development, 
construction  and  application.  C-3,  D-4, 
I-IO,  W-3900.  Vol.  XII,  p.  417,  Sept.,  '15. 

A  Load  Proportioning  Relay — B.  H. 
Smith.  For  dividing-  the  load  between 
direct  and  alternatin.g  curre/it  systems 
through  a  motor-generator  set.  D-2, 
1-3,  W-1055.     Vol.  XI,  p.  285,  May,  '}4. 

A  Series-Transformer  Tripping  De- 
vice for  Circuit  Breakers — B.  H.  Smith. 
With  time  element  relay.  D-2,  1-2,  W- 
800.     Vol.  XI,  p.  620,  Nov.,  '14. 

(E)   T.   A.  McDowell.     W-410,   p.   609. 

Shunt  Field  Protective  Relays — J.  H. 
Albrecht.  C-1,  W-570.  Vol.  XII,  p.  566. 
Dec.   '15. 

Overload  Relays  for  I.solating  Defec- 
tive Apparatus — M.  Cornelius.  D-5.  W- 
1070.      Vol.  XII,  p.   366.  -A-Ug..   '15. 

Over-I.oad    Relay.s — QB.    1056. 

Reverse  Phase  Relay  Magnet — QB. 
1235. 

Operation  on  Short  Time  t>ver  Load 
— QB.    1424. 

Slow  Acting — QB.  1510. 

Transformer  Connections — QB,    1576. 

Reactance- QB,   1580. 


THEORY 

The    Analysis    of    Periodic    Waves — L. 

W.  Chubb.  Description  of  a  mechanical 
analyzer.  C-4,  1-5,  W-3500.  Vol.  XI,  p. 
91,    Feb.,   '14. 

(E)    C.   E.    Skinner.      AV-350,    p.    1 1. 

Polar  and  Circular  Oscillograms — L. 
W.  Chubb.  Their  practical  application. 
C-5,  1-3,  W-4285.    Vol.  XI,  p.  262,  May,  '14. 

Harmonic  Analysis  of  Oscillograms — 
G.  H.  Cole.  T-2,  C-4.  D-3,  1-3,  W-3300. 
Vol.  XV,  p.  258,  July,  '18. 

The  Representation  of  Alternating- 
Current  Quantities  by  Vectors — Alex- 
ander 1).  DuBois.  D-14,  W-2800.  Vol. 
XV,  p.   :j(i.'..  Aug.,  'IS. 

Dt^ri^ation  of  A\'a\e-Form  i»f  Flu.x 
from  Wa\e-Form  of  ElectroniotiA  e 
Force — F.  Bedell  and  R.  Bown.  T-M. 
W-2950.     Vol.   XII.    p.    23.   Jan..   '15. 

(E)  L.  W.  Chubb.     W-590,  p.  4. 

Curve  I^iotting  with  Logarithmic  Co- 
ordinates— Chas.  R.  Riker.  (E)  W-410. 
Vol.  XIV,   p.   259.  July.   '17. 

A'eetor  Standardization  —  Chas.  R. 
Uikei-.  (E)  W-310.  Vol.  XIV,  p.  333. 
Sept..  '17. 
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storing  iind   I(el<-:i-iinu    Knergy — K.    P. 

icUson.  Mechanical  analog-ies  to  bat- 
,-rv  isrnition.  C-l.  D-1,  \V-1330.  Vol. 
XIII.   p.   H.  Jan..  ■]<;. 

I-Mt'ni4*nt:ir>    Priiiriplex — EX.   XII,    4fi. 

\ertor  fon^ontionw — K'S,  XH,    125. 

tt «..»..A         K'X-       "V'ITT        OQ^ 


Jac 

tery    i 


Ki'iii'tsini'C — E.X.    Xill.    235. 


lt.:i.Ii\o-l:ul<.r     -KS.   XIII.    l.'iJ. 
Ili'liiiitioii    <il    \\  jitt — Ql;.    lfli;2. 
H.-sislan.-.-*    ill    ■■iirnllfl — QD.    1092. 
A-«  onnc.-tiun^QD,     1139. 
.\ri-iiiK    (irounil — QB.    1208. 
I.<>:ik:iK<-    riirrcnt — QB.    122S. 


I  nli:!).-!!!)'!-)!    \  olt:i«p    to    \'putrnl — QR, 

I'oljiril.i    Ti-.s!— QB,    130S. 

II  .\  Nt(-r«-sis   Loss — Qb.   14  I.*?. 
*l;ili<-    l;i.-.lri<itj — QB,    U29. 
I(n:>rt<'r  W  :i  \  .-   l.cnKlh  Line — QB,  l,i23. 
I'l  l.%  liliiisc    Niit.-itiain — QB,    1632. 


GENERATION 


(  \M)       \l.l. 
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POWER  PLANTS 


'I'lie  i'nsi  of  f.fncratins:  I'oiver — H.  G- 

Stott.  Fi.Ked  charge.-;.  Size  of  plant, 
niveisitied  loads.  C-G,  \V-2520.  Vol. 
XIII,  p.  37:j,  Aiiic..  '16. 

Mngle-I*hji."<e  I*owcr  Service  from 
Central  .stations — R.  E.  Gilman  and 
(^harles  Foi-tescue.  Methods  »»f  nialn- 
tainins"  balance  on  polyphase  systems. 
C-3,  I)-9,  \V-5350.  Vol.  XIV,  p.  28,  Jan.. 
17. 

.Maintninin;?  ami  FosterinK  Puliiie 
I'tilitv  Development  under  lleKulation 
— Edwin     I>.     Drevfus.       W-4t;4ii.       Vol. 

XIII,  p.  413.  Sept..  'li;. 

(E)    Chas.    R.    Riker.      W-o40.   p.    403. 

Central  Stations  and  deetrle  Kail- 
wa>-.s — E.  P.  Dillon.  (E)  W-i;20.  Vol. 
XHI.   p.   441.   Oct.,  '16. 

Iniprovenients  in  Po«'er  Station  Elfi- 
eienev — E.   H.   Sniffln.      (E)    \V-620.     Vol. 

XIV,  p.  373,  Oct..  '17. 

The  Future  Power  Station — C.  S. 
Cook.  (E)  \V-70n.  Vol.  XV.  p.  18.5, 
June,     18. 

Fxeitatlon  and  A"oIta»;e  Control — J.  A. 
Johnson.  With  special  reference  to  the 
plant  of  the  Ontario  Power  Company 
of  Niagara  Falls.  C-l,  D-fi.  I-.5.  \V- 
4830.      Vol.   XI.    p.   '112.    Xov..     14. 

(E)    P.    M.    Lincoln.      \V-410.    p.    609. 

The  Proteetion  of  Kleetrleal  Appa- 
ratus— P.  il.  Lincoln.  \V-2800.  Vol. 
X\'.  p.  346.  Sept..     18. 

Hydroelectric  Development  —  C.  S. 
Cook.  (E)  W-560.  Vol.  XII.  p.  .341. 
Aug^.,   '15. 

The  Hydroelectric  Situation  up  to 
Date — Calvert  Townley.      W-2000.      Vol. 

XV,  p.   72.  Mar..  '18. 

(E)    A.   H.   Mclntire.     W-600.  p.   71. 

Combined  Steam  Heatine  and  Klectric 
Generatins  Plant's — Bvron  T.  Gifford. 
W-120O.       Vol.    Xn".    p.    101.    .Mar..    '17. 

The  IntiT<'hany:e  of  I'ox^cr  between 
the  Uuquesnt-  l,i;;ht  (  oiii|i;in.\-  and  the 
West  Penn  Po%ver  Conipan> — K.  C 
Stone.  T-1,  C-l.  I-l,  \V-2420.  Vol.  XI\'. 
p.  339.  Sept..  '17. 

Changes  in  Xeiv  York  Power  Hou.He 
— Chas.     F.    Scott.       (E)     W-1290.       Vol. 

XII.  p.   221.  June.     15. 

liecent  Central  Station  Development 
— A.     H.     Mclntire.       (E)     W-730.       Vol. 

XIII.  p.   239.   June.   '16. 

Railway  Loads  for  Central  Stations 
— G.  E.  Miller.  W-1280.  Vol.  XII,  p. 
233,    June,    '15. 

Emergency  Power  for  Suburban 
Street  Car  Lines — A.  E.  BogRS.  C-l. 
I-l.  \V-t;oo.     Vol.  XV.  p.  56,  Feb.,  '18. 

The  Relation  of  Flywheel  Effect  to 
Speed  Fluctuations  in  W'aterwheel 
Units — F.  D.  Xewburv.  1-7.  W-3260.  Vol. 
XII.   p.    343.   Aus..     is: 

(E)    J.    H.   Wilson.      W-80i>.   p.    342. 

Heat  and  Temperature — EX.  XJII.  360. 

Exciter  Trouble — QB.   1031.    1134. 

I  nsteady    Voltaee — QB,    1034. 

Brunot's  Island  Power  Station,  Pitts- 
burgh— F.  fhlenhaut.  Jr.,  D-1.  C-l.  I- 
14.    W-4710.      Vol.   XII.    p.    241.    June.    '15. 

The  Canadian  Xiascara  Power  Com- 
pany's Plants — L.  E.  Imlay,  Special 
features  of  the  power  plant  equipment. 
D-1,  1-14.  "^'-2315.  Vol.  xr.  p.  302, 
June.   '14. 

The  Cross  Cut  Power  Plant  of  the 
Salt  River  Project — .J.  \V.  Swaren.  I-IO. 
\V-.-!34n.      V..I.    XIII.    p.    571.    Dec.    '16. 

The  Lake  Spauldin;; — Drum  Po^ver 
Development  of  the  Pacific  Gas  and 
Electric  Company.  1-12.  W-2450.  Vol. 
XII.    p.    265.    June.    "15. 

The  Hydroelectric  Development  of 
the  Peninsular  Power  Company^-C.  V. 
Seastone.  .  1-6,  W-3420.  Vol.  XIII,  p. 
324.  July,  '16. 

SI BSTATIOVS 

A    10«  OOO-Volt    Portable    substation — 

C.  I.  Burkholder  and  .\.  Stahl.  A  poly- 
phase transforming  station  for  various 
voltages.  D-1.  1-7.  W-2670.  Vol.  XII. 
p.   143,  -\pr.,  '15. 

(E)  W.  S.  Rugff,  W-440.  p.   129. 


A  l.->IM)-\oll  Portable  l<ail»ay  Sub- 
station— E.  F.  Taylor.  A  converter  sub- 
station on  the  Piedmont  Lines.  1-3, 
\V-l:i20.      ^v,l.    XII.    p.    152.    .\pr..    '15. 

The  Desit^n  of  Automatic  Switching; 
l^fiuipnicnts  f<»r  Syn<'lironou>4  Converter 
'Substations — H.  J.  Winsli  v.  I)-l.  1-5. 
\V-4UlO.      Vol.   XA'.   p.    114.   Apr..     18. 

(E)    K.   C.    Randall.      W-320,    p.    105. 

-I5tli  Street  Substation,  United  Elee- 
trii-  Lij^ht  &  Po«er  Co.,  -\ew  York — 
R.  R.  Kime.  n-2.  1-ln,  W-i'lOO.  Vol. 
X\'.    p.     295.    .VMS'..    -IS. 

<'h:trlcroi  Substation  of  the  Pitts- 
r»iir"''  iT"iiw,%s  <'omiian.\ — G.  C.  Meek- 
er. I-ll,  W-2580.  Vol.  XI.  p.  636.  Xov..  '14. 

rinciency  of  Railway  Substations — 
L.  P.  Crecelius.  T-2.  C-l.  W-770.  Vol. 
-XI.    p.    543.    ftct.,   '14. 

The  Increasing  Importance  of  the 
Substation — C.  S.  Cook.  (E)  W-4  40. 
Vol.-   XII.    p.    129.    .Apr..    '15. 

The  Field  of  the  Outdoor  Substation 
— L.  C.  Hart.  Economic  considerations. 
D-1.  i-9.  U-1410.  Vol.  XII.  p.  158. 
-Apr..    15. 

(E)    H.   H.    Rudd.      W-590,   p.    131. 

.\  loOtf-A'oIt  Converter  .Substation — 
O.  Wortman.  1-2,  W-33n.  Vol.  XII,  p. 
482,   Oct.,   -15. 

.Meter  Equipment  of  Outdoor  Subst.-t- 
tions — Lester  < '.  Hart.  1-6.  W-1110. 
Vol.    .XIII.    p.    420.    Sept..     16. 


DYNA.MOS   .\XD 
General 


MOTORS 


Commutation  and  Commutation  Lim- 
its— B.  G.  Lamme.  Sh'jrt-circui t  volts. 
Short-circuit  e.m.f.  W-;J500.  Vol.  XIII 
p.    78.    Feb..    '16. 

FlashiuB  in  Direct-Current  .Machines 
— B.  G.  Lamme.  .Arcs  between  adja- 
cent commutatf^r  bars.  Average  e.m.f. 
and  field  form.  W-1160.  Vol.  XIII  p. 
U5.      .Mar..    '16. 

Limitations  in  Commutating  .Ma- 
chines— B.  G.  Lamme.  Brush  area. 
.Number  of  slots.  Xoise.  Flickering. 
Peripheral  speed.  W-5300.  Vol.  XIII, 
p.   163.  .Vpr..  '16. 

Temperature  Distribution  in  Electri- 
cal ilachincry — B.  G.  Lamme.  Laws  of 
heat  How.  Methods  of  temperature 
measurement.  C-l.  1-8,  ■\V-4700.  Vol. 
XIV.  p.  42.  Feb..  '17. 

(E)    P.    M.    Lincoln.      W-490.      p.    41. 

p:iTect  of  Brush  Width  on  Commu- 
tation— C.  G.  Lewis.  D-2.  W-I990.  Vol. 
XIII.    p.    376.    .\ug.,    '16. 

-Artifieial  Ventilation  of  Electrical 
Machinery — B.  G.  Lamme.  .Air  pressure. 
Dirt.  Fire  hazard.  W-2380.  A'ol.  XIII. 
p.   247.   June.   '16. 

\~entilation  of  Rotating  F^lectrical 
.Apparatus — R.  E.  Gilman.  1-9.  W-3510. 
Vol.   XI.   p.   208.  Apr..   '14. 

lE)    F.    D.    Xewbury.      W-470.    p.    183. 

Conditioning  -Air  for  Generator  A'en- 
tilation — W.  W.  Stevenson.  C-l.  I)-l. 
1-5.    W-1820.      Vol.    XI.    p.    213.    .Apr..    '14. 

(E)   J.   L.   Harvey.      W-980.   p.   184. 

Classification  and  Xomenclature  of 
Electric  -Motors — R.  E.  Hellmund.  D-11, 
W-7740.      Vol.   XIII,   p.    169.  -Apr.,   '16. 

(E)    -A.   -M.   Dudley.      W-450.   p.   153. 

Industrial  Motor  Insulation  —  J.  L. 
Rylander.  W-1860.  Vol.  XII.  p.  358. 
Dec.    '15. 

.Motor  -Armatares  of  Different  Diam- 
eters—  F.  -A.  Rew.  W-1210.  Vol.  XII. 
p.    567.    Dec.    '15. 

Size   and    Horse-Power — EX,   XII,    125. 

Itadius   of   G.I  ration — QB,    1085. 

Insulation    Burn-Out — QE,    1088. 

H<-nMn  ing    Insulation — QB,    1103. 

Motori/inK — QB,    1207. 

.Vniount    of    Iron — QB,    1266. 

Size    of    Generator — QB.    1271. 

D.    <  .    Motor    on    A.    C. — QB.    1341. 

Measuring    starting   Torque — QB.1383. 

.Vluminuni    Conductors — QB.    1610. 

(.K\F:H.\L    TESTS 

Shop   Testing  of  Electrical  .Apparatus, 
Xfll — Rotary  Converters.  Resistances. 
Preliminary    inspection.      Voltage   rati-<. 
Starting    tests.      Core    loss    and    satura- 
tion.       Voltage     control.       Methods     of 


loading.  .Synchronous  booster  (■•mvert- 
ers.  Temperature  tests.  Efflciencv  by 
losses.  T-7.  C-2.  D-5,  1-3,  W-5750.  Vol. 
XI,    p.    56,    Jan.,    '14. 

-VI\' — Induction  .Motors.  The  circle 
diagram  method.  The  pronv  brake 
method.  C-3,  1-2,  T-6,  W-53.50.  Vol. 
XI,   p.   100,   Feb.,   '14. 

(E)   E.  I.  Chute.     W-660,  p.  71. 

XV — Induction  Motors  (Concl.)  The 
symbolic  method.  Single-phase  motors. 
The  Branson  method.  Temperature 
tests.  Commercial  tests.  C-3,  T-4  W- 
3400.      A'ol.   XI.    p.    178,    .Mar.,   '14. 

-XVI — Single-Phase  Transformers,  Ra- 
tio. Polarity.  Parallel  test.  Meas- 
urement of  resistances.  D-7  W-2230 
Vol.    XI.    p.    231.    Apr..    '14. 

XVII — Single-p  base  Transformers. 
Core  loss.  Copper  loss.  Impedance. 
Regulation.  Efficiency.  D-9.  W-3130. 
Vol.   XI.    p.    287.    May.   '14. 

-XAIII — Single-P  base  Transformers 
(Cont.)  Temperature  run.  Insulation 
test.s.  D-6.  I-l,  W-4350.  Vol.  XI.  p. 
411.   July,   -14. 

XIX — Chas.  Fortescue.  The  Circle 
Diagram  for  Single-phase  Transform- 
ers. D-2,  W-900.  Vol.  XI,  p.  449,  -Aug.. 
14. 

(E)    Chas.    R.    Riker.      W-470.    p.    420. 

-X-V — Three-phase  Transformers.  Re- 
sistance, core  loss,  copper  loss  and  im- 
pedance, temperature,  insulation,  regu- 
lation and  efficiency.  D-11.  W-2270 
Vol.   XI.    p.    489.    Sept..   '14. 

Testing     A.    C,    .Armatures — QB.    1620. 

-Vn  Eli-ctric  Dynamometer — E,  M. 
Olin  and  C.  A.  -M.  Weber.  C-4.  1-5,  W- 
2900.     Vol.  XIV.  p.  339,  SepL,  '17. 

.Acceptance    Tests — QB,    1011. 

Test    A'oltage — QB,     1600. 

E\|>eriniental  Tcniiierature  >Ieasure- 
ments  of  Elcetri«*al  Machines — O.  W.  ,A. 
Getting.  Effects  of  temperature.  Rise 
by  resistance.  Thermo-couples.  C-l, 
D-2,   W-5060.     Vol.  XI,   p.   85.  Feb..  '14. 

(E)    Chas.    R.    Riker.      W-450.    p.    72. 

.\pp:iratus  for  'I'cstinfs  -A,  C.  .Motors — 
QB.    1671. 

-AR.M.ATIKES 

(except    commutators) 

The    Manufacture    of    Armature    Coils 

— D.  W.  Perry.  Moulded  coil.s.  Pulled 
coils.   W-1940.    Vol.  XJV,  p.  26,  Jan., '17. 

Impact  Te.itine — E.  P.  Gooch.  D-1. 
I-l.    W-1700.       Vol.    XV.    p.    403.    Oct..    '18. 

.\rmature    Winding — ROD.    XIV.    122. 

Baniling    Armatures — ROD.    XIV.    168. 

Soldering  Railway  Armatures — ROD, 
XIV.    327. 

Rewindini; — QB.    1440.    1068. 

Current    in    Shaft — QB.    1305. 

DiliKilizir     Ring — QB.     1337. 

Fiber    W.-.lges— QB.    1486. 

<  Miting   Out  .\rmatare  Coil — QE.  1497. 

Diptli    of   slots — QB.    1538. 

lS:inding    .\rniature — QB.    1607. 

Windings — Ql;,    1629. 

Turning  Down  .Armatiin-  (  ores — QB, 
1642 

Testing    Windings — Qi'i.    1^7::. 

Bi;Ai{i\(iS 

Elements  of  Bearing  Desif^n  and 
Lubrication — Wm.  Foot.  C-3.  I-II.  W- 
2530.       Vol.    XI.    p.    391.    Julv.      14. 

(E)    F.   D.   Xewbury.     W-470.   p.   379. 

The  Kingsbury  Thrust  Bearine  —  H. 
A.  S.  Howarth.  Theory  and  applica- 
tion. T-1.  D-5,  1-9,  W-3070.  Vol.  XII, 
p.  351.  -Aug..  '15. 

Babbitt  and  Its  .Applications — T.  J. 
Johnston.  1-5.  W'-3030.  Vol.  XI.  p. 
387,   July.   '14. 

(E)    F.    D.   .Xewbury.      W-470.   p.    379. 

-Antifriction  Bearings  for  Railway 
Motors — fi.  M.  Eaton.  (E)  \V-920,  Vol. 
XIV.    o.    37!,   Oct.,   '17. 

How    to   Babbitt — ROD.    XIII.    512. 

Lubrication — ROD.    XIV,    481. 

Kflect    on    Air   (iap — QB,    1291. 

Inilurtion    Motor  Clearances — QB,  1292 

Lining    up    shalTt — QB.    1477. 

Play— QB.    1478. 

Cast   Iron — QB.    1501. 


THE  ELECTRIC  JOURNAL 


BHUSHKS 

RriiHhi-K  for  ruinniutiiturx  niul  Slip 
HIiiKs — Charles  H.  Smith.  Thfir  selec- 
tion, application  and  care.  I-l.  W- 
111775.      \i,\.   XIll,   p.   2(i3.   June,   •111. 

Curlion    Hrii.sli    Life — J.    .S.    Dean.      T-1, 

c-,-),    1-j,     \\-:;4iiii.     vi.i.    XIV,     p.    4i(;, 

Oct..    '17. 

'liii-  .\e(ion  of  Dirt  on  l<nil»!i.v  Mo- 
tor (iirlioiis — J.  S.  Dean.  1-7,  W-lllllF. 
\'"\.    X\'.    p.    ;ii;,    .\lai-.,    'IX. 

Knisli    \  il>riitiiiii — ION.    XIV,     I  III. 

I<tiil\\]i,\'       >lotor      Carhoii       llriiMliivs — 

i;c)ii.  x\'.  2x1. 

llrii).lilial<l<T.s — ROD,    XU',    ^i•^. 
Selei'lion   of  Brilshrx — QIJ.    llin. 
llriLsli    S<-ttiiiK — Qi;,    Hit".    ll-SS. 
llriiNli    <>i«T:ition — QI!.    1237. 

(>i<i  iirii.«iii-.s — Qi;.  i:jni. 

Hrn.sli   Trouble — QB.    l.'>02. 
HniMh    \\f:ir — QU,    LSflC. 

<0>IMl"'l'.\'rOi{S    and 
fOI-I-KCrOH    IHIVGS 

Iron  t'oiniiiutators  —  15.  G.  Liamme. 
\V-22lli:i.      Vol.    XV,    p.    251,    Julv,    'IS. 

Hlui'krninK  of — EN.  XV,   2!l. 

(omniututor   !SoliK-riiim — EN,    XII,    33S. 

I'lidori-iittin;;  ('oniniiitatorN  —  ROD, 
XIll.    555. 

Kepair   of — ROD,    XIV,    445. 

Coniiniitator  <'onKtriiotlon — EN,  XIll, 
4  3:!. 

i'oiiiniiitator   Tronhie — QB,    1035. 

Cleaning    <'onimiitator.s — QC,    1133. 

Saiiil    I'aprrin;/; — QP.,    1159. 

Flat    Spot^s — QB,    1246. 

Soldi-rine;    L,ead.s   to — QB,    135B. 

Current    C'olleetion — QB,    1040. 

Collector    Kings — QB,    1014,    1035. 

ItouKh    Slip-I{ing.s — QB,    1321. 

Uiseolored   Segments — QB,   1552. 

SparkinK — QB,    1577. 

h-|ashinK — QB,    1593. 

Ulaekened    Bars — QB,    1598. 

t'onimiitation — QB,    164S. 

FHA.MF. 

Cu»t-In  VK.  Bolted  Pole8 — EN,  XIII, 
235. 

Why  Poles  are  Laminated — EN,  XIII. 
196. 

Notehess  in  Main  Pole.-s — EN,  XIV,   515. 

FIKI-D    UlNDIXGS 

Strap    Field    W  indings — EN.   XIV,    37. 
\>ntilatioii  of  Shunt  Field  Coils — EN, 

XIII,    151. 

The    I'olarit.v   of — ROD,    XIII,    593. 

UewindinK    Field   CoiLs — QB,    1301. 

\iinilier  of  Turns — QB.    1412. 

Operation  «ith  One  Field  Burnt  Out 
— QB.    1574. 

UiseharKe  Hesistanee — QB,  1602,  1650. 
1671. 

F.naniel — QIl.    1670. 

Direct    Current 

The  l)e\elopinent  of  the  Direct-Cur- 
rent (ienerator — B.  G.  Lamme.  Bipolar. 
Multipolar.  Slotted  armature."!.  Formed 
coils.  Coil  supports.  Field  poles  and 
windings.  Commutation.  Equalizin.t; 
<onnections.  Mica.  Brushes  and  brush 
holders.  Commutators.  Ventilation. 
Double  commutator  machines.  Turbo- 
j;enerators.  Unipolar  machines.  A.  C- 
D.  C.  generators.  Compensatins  and 
commutating-pole  machines.  High- 
voltage  generators  without  commuta- 
tors. I-IO,  W-30  130.  Vol.  XII.  p.  65. 
Feb.,  '15;  p.  115,  Mar.,  '15;  p.  164,  Apr., 
■15;   p.   212.  May,   '15. 

The  Development  of  Direet-Current 
Motors — A.  Brunt.  Heating'  and  venti- 
lation. Rating.  Weight.  C-4,  W-2390. 
Vol.    XIV,    p.    486,    Dec,    '17. 

Factors  that  Determine  Maximum 
Hatini;;  of  a  Direct-Current  .Machine  for 
11  (iiven  Speed — F.  T.  Hague.  Commuta- 
tor. Max.  voltage.  Voltage  per  bar. 
Flashing.  C-1,  1-5.  W-4700.  Vol.  XV. 
p.   42,   Feb.,   '18. 

(E)    F.   D.    Newbury.      W-600.    p.    35. 

Field  Distortion  in  Direet-Current 
Machines — R.  W.  Owens.  C-3,  W-2325. 
Vol.    XIV,   p.    186.    May.   '17. 

The  Flash  Suppresr.sor — N.  W.  Storer 
and  F.  T.  Hague.  Used  in  the  C.  M. 
&  St.  I».  substation.  C-8.  I-l.  W-4000. 
Vol.  XV.    p.    144,    Mav,    '18. 

(E)    David    Hall.      W-300.    p.    143. 

Adaptinfv  -Motors  to  Changed  Condi- 
tions— H.  Ij.  Smith.  Fundainental  prin- 
ciples. Speed  regulation.  Voltage.  Re- 
connections.  Motor  as  generator.  Me- 
chanical limitations.  C-3,  W-4090.  Vol. 
XIII,    p.    177.   Apr.,   '16. 

KcHlndine— QB.    1068. 

Conne4'tlon  f4»r  D4Mil»le  Speed — CjB, 
14  28.    15  40. 


Change  of   Voltage — QB.    1473. 

Modern  Types  of  .Machines — David 
Hall.  Flu.\  and  current  capacity.  Types 
of  construction.  Regulation.  EfHciencv. 
C-6,  D-2,  1-3,  \V-5560.  Vol.  XIII,  p. 
534,    Nov.,    '16. 

The  Compensateil  fienerator — r>a\'i(l 
Hall.  D-2,  1-3,  W-in7(l.  V..1.  XIII,  |i. 
378.    Aug..    '16. 

Spee*l  Charjicteristics  €»f  .>lotors — K. 
1.,.  Hansen  and  C.  G.  Bewis.  C-s.  1-1. 
\V-207ll.       \'ol.    XI.    p.     493,     Sept.,    '14. 

Spe4'4l  ICegiilation  of  .\4lhl.st:ilil4>  Sp4>4-d 
>l4>lors — H.  1^.  Smith.  C-2.  1-1.  \V-214(.. 
\'ol.    XIll.    p.    422,    Sept..    '16. 

M4>t4»r  anil  (w(*nerator  Diagrams — It. 
H.  Taber.  For  changing"  conditions  of 
operation.  T-1,  D-55,  W-2070.  Vol.  XI. 
p.    468,    Sept.,    '14. 

.\rmature  Reaction  in  Machines — R. 
H.  Taber.  Distortion  of  field.  Effect 
'in  commutation.  Brush  displacement. 
c-3,   1-13,   W-1730,   p.   65.   Jan..   '14. 

Armature    Iteaction — QB.    1055.    1125. 

Sp4'4'd  Charact4*ristics  of  Small  D.  C. 
Motors  —  B.  H.  Chatto.  C-4,  W-1260. 
^■ol.    XIV,    p.    494.   Dec,    '17. 

Sparking  and  Flashing — EN,   XII.  173. 

Bands    vs.   AV  edges — EN.   XII.    530. 

Cliiinging  .Motor  to  (ienerator — QB. 
1075. 


-QB,    1074 
-QB 


1027. 
QB,    1041. 
1048. 
Motor —  QB, 

1098. 


Shape   of   Pole   Tip.«- 

Idle    Coil — QB,    1064. 

P4>vv**r  to  Aec4*Ierate 

Aut4>iiioliile    tienerators- 

Changing    \'oltage — QB, 

Be\ersail      of      Elevator 
107S. 

Dynamic    Braking — QB, 

Boosters — QB.    1157. 

Sparking   on    Half   Voltage — QB,    1163. 

Incorrect   Air   Gap — QB.    1291. 

Telephone   (ienerator — QI!.    1309.    1464. 

Adjustable    Speed    Motor — QB.    1367. 

Building   Ip   Voltage--QB.    1391.    1392. 

I>etcrinining  Bated  Voltage — QB,  1495. 

I'olarity— QB.    1520. 

Changing  >lotor  to  Generator — QB. 
1563. 

Changing   Voltage — QB.    1575. 

Sandwich    Winding — QB.    1603. 

Ucversal    of    I'olarity — QB,    1649. 

More    FIticient    Spee4l — QB,    1675. 

SHI  \T    AND    COMPOrXD 

Operation    of    Motors   as    Generators — 

B.  H.  Chatto.  T-1.  W-580.  Vol.  XI 1,  p, 
529,    Nov..    '15. 

The  Hegulation  Curve  in  Conipoun4l 
Generators — B.  C.  McClure.  C-3,  I-l. 
\\-157ii.      \'ol.    XIV.    p.    281,    July.    '17. 

Shunt  I''iel4l  I»rotective  Ilelsiys — J.  H. 
.\lbrecht.  C-1.  W-570.  Vol.  XII.  p.  566. 
Dec.    '15. 

Field   I«heostat.s — EN,  XII,   46. 

Field    l)ischarg4- — B:N,    XII,    491. 

Three-Wire    <ienerators — EN.  XII.  383. 

I*arall4'l  4»pcration  of  TIir4*e->\  ire 
<;cnerators--10N,    XIII,    511. 

lndU4-e4l    Xoltagc   in    Field — QB,    1028. 

Fxeiter    'I'rouble — QB,    1031,    1134. 

K.vciter    Field    Current — QB,    1452. 

Size   4(f   F:xciter — QB,    1453. 

Fxciter   Operation — QB.    1352. 

Building   I  p   K.xciter  Field — QB.    1177. 

DcniaKUetized    Field — QB.    1086. 

Kegulation — QB.    1087. 

Balancer   Set — QB.    1169. 

M-«i  Sets  for  Moving  Pictures — QB. 
1196, 

Spcc4l    Adjustment — QB.    1229. 

C4»iitp4iiiii4l    ti4'nerator — QB.    1231. 

Calibrate4l    Motor — QB.    1232. 

Metho4l    of    Paralleling — QB,    1442. 

I'arallcling    Low     Voltages — QB,    1491. 

A4'tioii  4>f  C4tiiip4>iin4l  ti4'nerator — QB, 
1622. 

SKItlKS 

C4»nsi4l4>ratioii  in  the  Design  of  Bail- 
way  -Motor.N — R.  E.  Hellmund.  1-13.  \V- 
7820.  Vol.  XI.  p.  590.  Oct..  '14;  p.  645. 
Nov..    '14. 

The  lOleetrical  Design  of  Railway 
Motors  —  R.      E.      Hellmund.         RatinjJ 


T-1,    W-1710. 


Railway 

W-3280. 


Vol. 


Mo- 

Vol. 


Speed.      Efficiency. 
XII.   p.   74,   Feb..   '15 

Insulation    Design    for 
tors — R.     E.     Hellmund. 
XII,    p.    104.   Mar..   '15. 

Railwaiy  .Motor  Ventilation  —  R.  E. 
H.llnuind.  T-1.  I-2S.  \V-3870.  Vol. 
.\1I,    p.    204,   :May,    '15. 

'C4»iuniutation  an4l  Fhisliing  of  Rail- 
^va.>-  Motors — R.  K.  Hellmund.  C-9, 
l)-l.    1-1.    \V-6100.    Vol.   Xll,    p.   298.   Julv. 

■I.';. 

>l4-cliaiii4'al  C4>n.si4l4>ration.s  in  the  De- 
sign 4>f  Kailway  .tlotors — R.  E.  Hell- 
mund. Coils.  Banding.  Commutat<ir. 
I'.rushholders  and  brushes.  Field  coils. 
1-9.   \V-47SO.     Vol.  XIII.  p.  200.   May.  '16. 


A  IJniveri^al  Pressed  Steel  Railway 
Motor — C.  W.  Starker.  1-24.  W-2210. 
\'ol.   XI.    p.    581.   Oct..   '14. 

(K)    M.    B,    Lambert.      W-540.    p.    502. 

Railway  Motor  Capacities  and  Rat- 
ings—G.  M.  Woods.  W-1200.  Vol.  xn'. 
1>.    412.    Oct.,    '17. 

.\ppli4>ati4>n  4if  tlM'  A'entilate4l  Rail- 
way Motor — S.  B.  Cooper.  C-2,  \V-1200. 
\'o|.    .w,    p.    :j:i4,   Oct.,   'IS. 

\  4>iitilat4-4l  >I<itor<  iiniler  Snow  Con- 
4lili»iis— It.  E.  Ferris.  I-l,  W-ISOO. 
\  oi.    ,w,    p.    :;;ii;,    Oct..    'IS. 

Singh*  \  s.  I'win  .Armature  i>iot4>rs — 
.1.  .M.  Babberton.  T-1.  1-7.  \V-1500.  Vol. 
-W.    p.    405.    Oct.,    'IS. 

Th4>  Twin  .Arinature  .Mot4»rs  f4»r  tli4' 
Chicago.  Milwaukee  *  St.  I"aill  Dirci't- 
Curr4*iil  li4iconi4>ti\'es — Gerald  !■'.  Smith. 
1-9.    W-niill.     \'ol.    XV.    p.    418.   Oct..    '18. 

The  Devel4>pnient  of  the  Street  Rail- 
wa.*-  .>l4>tor  in  .\nieriea — B.  G.  Bamme. 
J)-l,  1-15,  W-9900.  Vol.  XV.  p.  408.  Oct., 
•18,    p.    45  1,    Nov..    'IS. 

liirect-Ciirrent  Railway  Motors  for 
Regeneration — R.  E.  Ferris.  C-2.  D-1. 
W-1700.    Vol.  xn-,  p.  434,  Oct.,  '17. 

Kleetrie  Vehicle  .Motors — T.  H.  Scho- 
epf  and  A.  B.  Broomall.  C-5,  1-2,  W- 
1390.     Vol.   XII.   p.    112,   Mar..   '15. 

(E)    Bernard   Bester.     W-570.    p.    90. 

Railway    Motor    Frames — EN,  XII.  85. 

Field  -\head  of  Armature — EN.  XII, 
173. 

The    Reversal    of — EN.    XIII.    318. 

l.ocke4l    Tor4iue — QB,    1315. 

.\rc   (ienerator — QB.    1016. 

Spee4l    at    \arying   Voltage — QB,    1029. 

Operation  in   Parallel — QB,    1120,    1387. 

(hanging    :;20-Volt    to    110 — QB,    1143. 

Rewinding — QB.    1181. 

Shunt    >Iotor  without   Field — QB.  1184. 

Field    (  4innections — QB,    1248. 
_R_4'win4ling    with     Roun4l     Wire  —  QB. 


Down    .Vrm:iture    Core — QE, 


1561 

Turning 

1642. 

COM.^Il  TATI.\fi    POI.,K 

C4>niinut:iting-Pole  >lacliine  with 
Brushes  Oil  Neutral  —  R.  L.  Witham. 
C-1,  D-(l,  \V-1910.  \o\.  XIII,  p.  531. 
Nov.,    '16. 

I.aniinnte4i  Commiitating  Poles — C.  G. 
Lewis.  D-2,  1-3,  W-1090.  Vol.  Xn',  p. 
189,    Dec,    '17. 

I*arjillel  Operation  of  Conimutiiting- 
Pole  Machines — W.  B.  Weaver.  Droop- 
ing voltage  characteristic.  Commutat- 
ing-pole action.  Brush  lead.  Equalizer. 
c-2.  D-l,  1-4,  W-2770.  Vol.  XIV,  p.  50. 
I'^-h..    '17. 

I-araliel   Operation — QB.   1434. 

C4>mmutating-Pol«^  Railway  Motor 
Construction — F.  W.  ;McCloskey.  Me- 
chanical and  electrial  considerations. 
D-3.   ^V-2.-.40.   Vol.   XIII,   p.    245,   Sept..  '16. 

Tw4»  C4iiiiniutaf  ing  Poles  on  Four- 
Pole    >lotors — EN.    Xll.    290. 

(becking    .Ventral  —  EN,    XII,    425. 

W  ith    Bruslics    Oil    Neutral — QB,    1408. 

Sb4liit    Circuit    Open — QB.    1404. 

C4iininutating    I*oles — QB,    1111. 

Sp4ed    Regulation — QB.    1192. 

Reactance    \  oltage    of — QB.    1206. 

Sating   of   Weight — QB.    1350. 

I'nstabl4'  Op4'ration  on  Over  Load  — 
QB.    1463. 

Battery  Charging — QB,   1647. 

-MAGNRTOS 

Testing    Magneto — QB,    1401. 
Spark    Voltages— QB.    1640. 
Vlagiieto    A  Oltage — QB,    1665. 

Alternating  Current 

Al,ri;RN.\T(>RS 

Tli4*  A  It4>riiating-Ciirrent  Generator 
in  .Vinerica — H.  G.  Lamme.  D-2,  1-29, 
W-16  0{io.  \-,,l.  XI.  p.  73;  Feb..  '14;  D. 
120.    .Mar..    '14;    p.    221.    Apr..    '14. 

:t(l  (MM)  Kw  Turbo-Generators  of  the 
Intcrboro  C4>nipany — M.  C.  ilcNeil.  T-1. 
1-11.  'W-2270.    Vol.  XII.  p.  271.  June,  '15. 

Large  Turbine  Alternator  Vnits — C. 
M.  Hardin  and  S.  L.  Henderson.  T-3. 
1-7.    W-3190.     Vol.    XI.    p.    319.    June.    '14- 

(ienerator.  Reactance  aiMi  Circuit 
Bre;iker  I'erformance  under  Short-Cir- 
cuit  Con4litionK — F.  D.  Newbury.  W.  M. 
Dann  and  .1.  N.  Mahoney.  Description 
of  tests.  T-4.  C-7.  D-l.  1-4,  W-54:!0. 
\'ol.    XI,    p.    188,    Apr.,    '14. 

(lO)    r.    M.    Lincoln.     W-660.    p.    183. 

(ieiierat4>r  Sli4>rt-Circnit  Current 
Waves — V.  D.  Newbury.  A  discussion 
of  terms  and  ccmditions.  T-2,  C-5,  W- 
.•!2I5.      Vol.    XI.    p.    196.   Apr..    '14. 

Short-Cir4'iiit  Current  of  Alternators 
—  F.  T.  Hague.  C-1.  W-1190.  Vol.  XIII. 
p.    212,    .May,    '16. 
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Armature  Itrnotioii  of  I'olMilniJse  Al- 
terniitors — F.  D.  Newbui'y.  D-IB,  W- 
2SO0.      Vol.    XV.    p.    lOe,   Apr..    'IS. 

(E)    N.    Stahl.     \V-5n0,    p.    105. 

Annaturr  Iteartion  in  SinKlP-PI'axo 
Altt-rnatur.s — !•'.  ]  1.  Nt-wbury.  T-4.  C-i:i, 
n-d,   \V-4(I00.     Vol.  XV,  p.   liill.  May,  'IS. 

V:iri]itioii  of  Alternjitor  Kxritatioii 
Mill!  l.oail — V.  T>.  Ncwbiuy.  Effect  f.f 
luadiiiK      and      laygins      powHi-factors. 

T-2,   ("-2.    n-ii),    \v-;i4on.    \'iii.    xv,   p. 

25:t.    .Inly,    '18. 

'I'lie  Beliaiior  of  .\U4'riiators  ^vitli 
/(TO    I»o«»'r-l'*]U'l<»r     lit'adiiiK     i'lirri-iit— 

I'',  n.  Neuhinv.  T-:!.  1'-:;.  W-l.Mi".  V..:. 
W.   p.   .-id;!,  Sept..   'IS. 

.\lt<'riiatinK-riirrent  f;<-norator  Wavi' 
l'°oriii — F.  D.  NevvbiDV  and  S.  I>.  Hi-n- 
d<T.>i<in.  C-in,  1-2,  W-3TnO.  ^'ol.  XV,  p. 
441;,    iViiv.,    'IS. 

I^^xcitation  C'liaraotcristics  of  Alter- 
nator.H — Q.  Graham.  ("-K.  W-3600.  Vol. 
XV,    p.    492.    Dec,    'IS. 

The  A^ertioal  AA'ater«'lic"el  Generator 
— H.  P.  Stephens.  Mechanical  fea- 
tures. Ventilation.  Excitation.  I-S,  W- 
2090.    A'ol.   XI  r,    p.   347,   Au.y.,   '15. 

CliaraeteriNties  of  Alternators  when 
Fxeited  hy  Armature  rnrr^'nt.s — F.  T. 
HftKue.  ("-2.  \V-lt;Oll.  ^■ol.  XII,  p.  36S. 
Aii^.,    '15. 

When  >faj'  Alternator  Field  Rheo- 
»tat.s  Be  Omitteilf — P^  L.  Moon.  Exciter 
voltage  .stability.  Automatic  voltage' 
resulation.  C-2,  D-3.  W-2950.  Vol. 
XIV,    p.    47,    Feb..   '17. 

Phase  Rotation  —  C.  J.  Fechheimer. 
Two-phase,  three-phase  and  six-phase 
machines.  C-!i.  D-Ui.  \V-2100.  Vol.  xn'. 
p.    Ill,    Jlar.,    '17. 

Sj'iielironons    Impedanee — EN,    XII.  S5. 

RotatinK  Field  Constrnetion — EN, 
XIII,    196. 

Damper.s— EN,   XIII,   5H4. 

Short   tlrenits — QB,    1096. 

(hanging  Aoltase — QB,    1009. 

Critleal    Speeds — QB,    1025. 

Ratins— QB,    103S. 

Dryins — QB,    10S4. 

Inherent    Beaetanee — QB,    1109,    1129. 

Rliminatlon   of    Noise — QB,    1141. 

Exeitation — QB.    IIOI. 

F.xeitins  l).v  Reetifled  A.  C. — QB,  1236. 

rurreiit    in    Frame — QB,    1180. 

Size    of — QB.    1293. 

lleatinK   of   Laminations — QB,    1323. 

Induetion   (Jenerator — QB,    1328. 

Reversin!?    Fields — QB,    1361. 

Steel    Slot   WedKe — QB,    1362. 

Si/.e   of   Air-Gap — QB,    1470. 

t'entrifn^al    Foree — QB,    1484. 

Constrnetion   of    Rotors — QB.    1490. 

Balaneins    Rotor— QB,    1471.    1535. 

TurboBenerator    as    .fHotor — QB,    1509. 

\~olta^e  %\ith  Unhalaiieetl  ]>oad — QB. 
1544. 

Grounding — QB.    1564. 

P€>\ver  Fa«'tor  of  I'nhalaneed  l*oad — 
QB,    1591. 

Reversing:    Rotation — QB,    1646. 

Parnllrl  Opcratitin 

Paralleling    Alternators — QB,    lOOS. 

l-hasine    <>"t — QB.    1101,    1445. 

SyiiehronizinK — QI!.    1247,    1258. 

SynehronizinK  t'onneetions — QB,  1317, 
1363. 

Open    Field    fireuit — QB,    1333. 

With  Broken   Field  Cirenit — QB,   145  6. 

Belt    Driven— QB,    1568. 

Steam  Turbine  anil  Diesel  KiiRiiie 
Driven—  Ql:,    l.''A.'',. 

Strobo.**eopie    l*heiionienon — (.^li,     1643. 

Tcstimi 

Temperature  Tests  on  Niagara  Falls 
Generators — T.  Spooner.  T-5,  C-4,  D-3, 
1-2,   W-2430,   p.   192,  Apr.,  '16. 

.Aeeeptanee   Test.s — QB,    1300. 

T«'m|ierature  .MeasnrinjU'  Deyiee — QB, 
155  5. 

Short-Cirenit    Test — QB.    1654 

SYNCIIROXOIS    MOTORS 

.Syiielironous  .Motor  Operation — Ralph 
Kelly.  Effect  of  increase  in  torque, 
line  voltage,  excitation.  T-1,  C-2,  1-12, 
W-6190.     Vol.   XIV,   p.   313,  Aug.,   '17. 

Performanee  t'urves  of  .Synchronous 
Mnehines  —  Q.  Graham.  C-4,  W-4095. 
Vol.   XIV.   p.   21.   Jan.,    '17. 

The  Applieation  of  S>nelironous  Con- 
densers for  l.iine  Regulation  —  F.  H. 
I'^armer  and  E.  V.  Catun.  Results  tin 
Winnipeg  lines.  C-9,  D-4,  1-2,  W-5570. 
Vol.    XIV.    p.    63.    Feb.,    '17. 

Parallel  Operation  of  Synehronous 
Frequeney-Changer  Sets — F.  D.  New- 
bury. T-4,  D-4,  1-3,  \V-4510.  Vol.  Xllt, 
p.    542.    Nov..   '16. 

\arying    Field — EN.    XIII,    432. 

Starting — QB.    1061,    1209,    1531. 

Syn.    Motor  Trouble — QB,    1083. 

Driving  Pnnip — QB,   1091. 


Syn.  Motor  «ith  Open  Field — QB,  1093. 
Operation  of   Syn.   .>lotor — QB,    1121. 
Operating      at      J-osv     I'oiver-Faetor — 

Qi;,    1202. 

Poiver-I'^aetor     C'orretion  —  QB,     1313, 
13:!4,    14117. 

Pnll-Out   Torque — QB,    1240. 

Fveitalion    Charaeteristies — QB.    1243. 


1249. 
1269. 


-QB.    1372. 
illation — Q  B 


ICe^  «'rsiiig    notation — QI  I. 
^Ie<>liaiiie:il    Output — (.^I '. 
S»i(ebiiig    of — QB.     13111. 
Haling    of — Ql;.     1.149. 
\  oltage   in    I'Melil   at    Start 
lOIVeet     on     A'oitage     l-'liiet 

\:-\x'A. 

Kxeiter   Losses — QB,    1479. 

Operation  of  Freqnenej-  Clianger  Set 
— (.,i|;.    l.ns;2. 

I*'r4-queiie.'i     Changer    .Si't.s — QB,     1634. 

Half    Siieed    Operation  —  t.>ll.     16,'"i6. 

Cliangiiig  Generator  to  S.\  nelironolls 
.Motor — QB,     1626. 

l,\Dl'CTION    MOTORS 

The  Fvoliition  of  the  Polyphase  In- 
duetion Motor — R.  ,S.  Feicht.  1-29. 
W-7S40.  Vol.  XI,  p.  398,  .luly.  '14;  p. 
4:i7.    Aug.,    '14. 

Enclosed  Induction  Motors  —  O.  C. 
Schoenfeld.  Temperature  considerations. 
C-3,  I-l.  \V-2630.  Vol.  XIII,  p.  388. 
Aug..    '16. 

31etal  Slot  AVedges  in  Induction  Mo- 
tor.s — Blaine  B.  Ramey.  Their  effect  on 
performance.  T-],  C-7.  1-4,  W-3080. 
Vol.   XIII,   p.    407,   Sept.,   '16. 

.>lagnetie    Wedges — EN,  XII.  290. 

Notes  on  the  Polyiihase  Rotating 
Field — H.  .S.  .Smith.  Reconnecting  mo- 
tors for  different  voltages.  Three- 
phase  rotor  w^ith  two-phase  stator. 
c-4,  D-1,  1-2,  W-29S5.  Vol.  XIV,  p. 
346.    Sept..    '17. 

The  Oscillating  Phase  Advaneer — C. 
W.  Kincaid.  (^-2,  1-3,  W-2200.  Vol. 
XV.    p.    451.    Nov..    '18. 

(E)   A.   M.   Dudley.     W-600,    p.   434. 

Iteversing  a  Three-phase  Motor — C. 
AV.  Kincaid.  C-4.  D-2.  \V-690.  Vol. 
XIII,    p.    109,   Feb.,   'IC. 

Direction    of    Rotation — QB,    1394. 

S|ilit-Phase  .^lotor  Starting  Switches 
— F.  S.  Di  llenbaugh,  .Ir.  1-6,  \\'-177."i. 
Vol.    Xl\',    p.    19S,    May,    '17. 

.>lotors  and  Phase  Conierters  for  N. 
.«.  \\  .  Locomotives — .1.  V.  Dobson.  D-1. 
I-ll,  \V-1535.  Vol.  XIII,  p.  154,  Apr.,  '16. 

S.^i  ■lehronoiiN  Induction  .Motor — EN, 
XIII.    511. 

Ineveii     Air-(iap — QB..     1357. 

siiiglc-rhase    Design — QB,    1524. 

Star-Delia     Starting — EN,     XV,     141. 

Changing  Alotor  to  tienerator — QB, 
162  1, 


WINDINtiS 

Keeoniie4'tiiig    Induetion    Motors  —  A. 

.M.  r->udle>-.  Classification  of  changes. 
Typical  diagiams.  Comparative  per- 
formances. Choi'd  factor.  Phase  insu- 
lation. Possible  reconnections.  T-2. 
D-24.  W-10  880.     Vol.  XIII.  p.  85.  Feb.,  '16. 

(E)    R.   E.   Hellmund.     W-420,   p.   67. 

I'olj'phase  .Motor  Connection  Dia- 
grams— A.    M.    Dudley.     Vol.    XH'.    '17. 

I — Two-Pole  Motors.  D-6,  I-IO,  \V- 
1320.      p.    191,    May. 

II— Four-Pole  Motors.  D-9.  W-200. 
p.    246.   June. 

(E)    Chas.    R.    Riker.     W-320.    p.   169 

111 — Six-Pole    Motors.      D-12. 
.lulv. 

IV— Eight-Pole  Motors.     D-12, 
Aug. 

A' — Ten-Pole    Motors.      D-12. 
Sept. 

AI — Twelve-Pole    Motors.       D-IS, 
43s,    Oct. 

\  II — Fourteen-Pole  Motors.  D-12.  p. 
179,    Nov. 

.Mistakes  in  Induction  Motor  AVind- 
ing.s — A.  M.  Dudley.  1-2,  W-1652.  Vol. 
XIV,   p.   507.   Dec,  '17. 

IE)    I  "has.   R.    Riker.    W-29II,   p.    485. 

Checking  Induction  Motor  Connec- 
tions—  F.  D.  Newbury.  C-8,  D-2,  W- 
1160.      Vol.   XIV,    p.    509.   Dec.    '17. 

Winding    Small     Single-Phase    Iiidu 
tion     Motors — (^.     A.     M.     Weber 
W-1330.      Vol.    xn',   p.    189.    May 

Itotor     \\  inilings — EN,     XII, 
15  16. 

Itotor   Diagrams — QB,    1534. 

Single- Phase    A\~indings — QB, 

Phases    <  ■ross-<  "onneeted — QB, 

\^  iring    Diagram — QB,    1142. 

Windings— QB,    1152,   1189,    1400. 

Changing  'I'«o-I*ha«*e  to  'I'hree-Pliasc 
—  QB,    1234.    136  1. 

Changing    :!-Ph.    to    1-I'h. — QB.    1439. 

Changing     l-l»h.    to    :i-Ph. — QB.    1515. 

Changing    \ollage — QB.    1457. 

(hanging    Spe<>d — QB.    1165,    1201. 

Two-Phase    Trouble — QB,    11S7. 
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Insiilalion  on  Squirrel-Cage — QB,  1215. 
Ineten    Air-(;ap — QB,    1262. 
Reversed    Coil — QB,    1268. 
Drying    Out — QB.    1283. 
Ci»iise«|iieii(     Poles — QB,    1324. 
'I'cst    for   Grounds — QB.    1373. 
Repitl.sion     .^lotors — QB.    1377. 
.\niiibcr   of    Poles — QB,    1378. 
Direction    of    (ilrrent — QB,     1382. 
Itc\ersed    Phase — QB,    1385,    1390. 
(•roliiMlcil     Motor — Ql',.     1376. 

I'iM'qiial    4'oils    pi'r    Poll QB,     14  IN. 

Iti-^^  iiiiliiig  Itepnlsion  >Iotor>4  —  QB. 
1  1  i:f. 

Kep.'iiring    Burn    Out — QB,    1530. 
Hard    Solder — QB,     1526. 
I'^iiamel     for    Kotor    Bars — QJ*,    1549. 
Cli:iiige    of    l-"ri'i|iieiie.i»'    and    \'oltage — 

QB,  l.■,^6. 

Changing    \iimbcr  of   Poles — QB.    1561 
T»vo-Spei'd     >lotors — QB.    1562. 
Burnt    Out    Coils — QB,    1573. 
Reconnecting — QB.     1579. 

::^<i  to  .->.-.(»  \  oits — QB.   1605. 

Design  of  W  iniling  to  Fit  a  Gllen 
Frame — QB,    1612. 

Change  of  Phase  anil  A'oltage — QB, 
16  35. 

Coiiper   /,ine    Solder — QB,    1651. 

St:ir   ^  s.   Delta   Connections — QB,  1657. 

Insulated    Supporting   Ring — QB.  1658. 

Number  of  Rotor  Bar.s — QB,   1662. 

Paralleling — QB.    1667. 

F.llect   of   Aoltage   Change — QB,    1673. 

Single  Ijayers  vs.  T\vi>  Layer  Winil- 
ing — QB,    1685. 

Number  of   Rotor  Poles — QB,    1683. 

Aentilating    Uiict.s — QB.    1680. 

Pi  I  ffillHdnrr 

Pol.'^phasc  Iniliiction  Motor  with  Sin- 
gle-Phase Si'coiiilar.v — B.  G.  Laninu-. 
1-6.   W-16II0.      \-ol.  XI  I.   p.   394.  Sept.,  '15. 

(E)    P.    .M.    Lincoln.     \V-390,    p.    385. 

Calculating  the  Performanee  of  Poly- 
phase Iniliiction  .Motors — Luther  H. 
James.  ,Siniplitied  method  for  deter- 
mining perfornuince.  T-2.  C-2.  D-1, 
W-3120.      Vol.   XIV,    p.    117.     Mar.,    '17. 

(E)    A.   M.  Dudley.     W-550.     p.    87. 

Ffl'eet  of  A'oltage  or  Frequency  A'ar- 
iatioii  on  Induction  >iotor  Charaeter- 
i»ties — L.  W.  Smith.  T-1.  C-2.  VV-1570. 
Vol.   XI.V.    p.    105,    .Mar.,    '17. 

(E)    Chas.    K.   Riker.     W-350.      p.   87. 

Ratio  of  A  oltage  to  Starting  Torque 
—  EN,  XA',   28. 

F.n'ect  of  Over  A  oltage  —  QB,  1076, 
1  193.    1517.    1528. 

-It*    Cyc'Se     Motor    on    CO    Cycles  —  QB. 

I4:i7. 

Sixty-Cycle    on   25-CyeIe — QB,    1194. 

Characteristic  Curves  of  the  Induc- 
tion Motor — C.  A.  M.  Weber.  C-3,  W- 
59(1.      \-ol.  XI.  p.   484,  Sept.,"  '14. 

(El    A.    .M.    Dudley.      W-410,   p.    459. 

Induction  ^lotors  for  A'arying  Speed 
Service  —  Arthur  .1.  Motver.  C-1,  W- 
1550.      \-ol.   XI,    p.    485.    Sept..    14. 

(E)    A.   M.    Dudley.   W-410.   p.   459. 

Speed  Ail.iustiuent  of  .Alternating- 
Current  Mill  Motor.s — G.  E.  Stoltz.  By 
lotary  converter  and  motor-generator 
auxiliaries.  C-5.  D-2,  1-4,  W-6145.  Vol. 
XI.    p.    277.    Mav,    '14. 

(E)    W.    Sykes.      W-525,    p.    240. 

The  High-Slip  Induction  Motor  in 
i'^lywheel  Applications — Blaine  B.  Ra- 
mey.    W-SSO.      \'ol.  XII.  p.  502.  Nov.  '15. 

Interpretation  of  Test  Data — C.  A.  M. 
Weber.  Single-phase  squiri-el-cage  mo- 
tors, by  circle  diagram.  T-2.  C-4,  D-3, 
W-2170.     Vol.   XIII.   p.    381,   Aug..   '16. 

Iteg'-i'iierjitive  Braking  with  Poly- 
phase Induetion  Motors — H.  G.  Junek. 
n-l.    \\'-153n.     V..1.  XIII,  p.   371,  .-Vug., '16. 

Starting    Current — EN,    XII,    338. 

Speed-Torqiie    Curves — EN,    XII,    491. 

Single-Phase  .>lo(or  Troilbli'  —  QB. 
1(122. 

Motor  Trouble — QB,    1()45. 

Three-Phase  .llotor  on  One-Phase — 
liB.    1057. 

Power-Factor — QB,    1108,    1339. 

Load    Calculation — QB,    1160. 

Arcing    between  Slip    Ring.s — QB.  1199. 

Characteristics — QB.     1263. 

On    Single    Phase — (JB,    1268. 

Incorri't't    Freqiii'iicy — QB,     1268. 

Dynamic    Braking — QB,    12S9. 

\  ibration   of    Itotor — QB,    1326. 

Intern.-il    Resistance   Type — QB,    1338. 

I'lashing    in    Spider — QB,    1347. 

Starting    I'orque — QB.    1386. 

Phase-Wound — QB,    1414. 

Opening  Stator  or  Rotor  Ciri-iilts 
First — Ui;.     1  l.'l. 

Current    on    Reversal — QB.    1176. 

.Noisy    Operation — QB.    150O. 

F.llect  of  Kxfra  Long  Rotor — QB. 
15(16. 

Itotor  Aollagi QB.    1532. 

Two-Phase  -Motor  with  Negative 
•Vatlmeter    Heading — QB,    1515. 
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>>i:uii:>    MOToHs 

siiiuh'-IMiiiKc      roiiiiiiiitiitor      >lotorM — 

It.  K.  H.lliiuiMd  and  .1.  V.  I).>h.s.in. 
!''nndaniriUaI  piincipte.^^.  l)-33.  \\'-5(iriO. 
Vol.   XIII,   p.    112.    Mar..   'Hi. 

SinKle-Phii.se     Coniinlltntor     Motors — 

Tt.  E.  Hellm\ind.  Stator  excited  single- 
phase  motors.  Methods  of  modifyins" 
phase  relatii>ns.  Methods  foi-  vaI■^'in^; 
lield  streniAth.  Speed  i-eniilation.  The 
li-anst*ornier  conduction  motor  on  the 
I'ennsjivania  Ttailroad  trunk  line  elee- 
triricalion  at  Philadelphia.  1-4.  n-58. 
\V-11.5Sn.  Vol.  XIV,  p.  322,  Auk..  'IT: 
p.    3«3.    .'^ept..    '17:    p.    3911.    Oct.,    "l". 


StTM'N  SiiiAle-l'hjise  .>l«»tor- 
Dii-ei'lioii  of  Uotiition — QB, 
Speed    \iiri:ition — QB.    1381. 

i-'.w  >ior<»us 

'I'i'stiiiK    of    Kan    .^lotorK — O. 

T-l.    ('-2.     1)-1.     1-3.     \V-199n. 
p.    412,    Sept..    'lli. 

Knn  Motor  ljiil»rieiition — E. 
man.  T-l,  1-4.  \\'-2in5.  Vo 
17.S.    Mav,    '17. 

Skein    \\  indinur.x — QT'>.     1422. 

Kaii-.>lotor   A\  indiiiK — Qll.    1 
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RECTIFIERS 

riiarKinu  ApparatH.s  for  .Vnti»nM»l»iie 
IJKlitinu  Batterieji — ij.  A.  llrackett.  Vi- 
hraliim  an<i  meicurv  vapor  recUtiers. 
11-2.  1-5.  \V-343(I.  \i'\.  XI.  p.  354.  .Iinv, 
•14. 

Mercury   Arc 

The     Mercury     Are      Ueetifler  —  Q.    A. 

Brackett.  For  charKini;  electric  ve- 
hicle batteries.  D-l.  1-4,  \V-2170.  Vol. 
XIII,  p.  37,  Jan..  'IB. 

ChnrKinK  Sinitle  Starting  and  l.iclit- 
inK  Batteries  With  a  Merenry  .\re  Hee- 
tlHer — A.  I.,  .\therton.  !>- 2.  1-3.  \V-125ll 
Vol.    XI\-.    p.    177,    May,    '17. 

(haruini;  Storate  Batteries  in  Tele- 
phone <  eiitral  Stations — Q.  A.  Prack- 
ett.  I-l.  \\'-li;t(i.  \<.l.  XTV,  p.  244. 
.lime,      17. 

Merenrv  Are  lleetitiers  for  .*lovinK 
I'ietnre  Ares— H.  M.  Wible.  C-2.  D-l. 
1-3.    W-140ft.      Vol.   XI.    p.    3711.  June.   '11. 

I,ead-ln    Wires — QI".,    1024. 

biniit   of   Siz.e — QU.    1024. 

Uistanee  Between  Kleetrodes  —  QIJ, 
]0>iO. 

Mercury    Heetifiers — QB,    IIHS. 

For    Motor    Service — QB,    1303. 

Life    of    Bulh— QB,    1482. 

Mechanical 

The     Field     for     Mechanical     ItccliHcrs 

—A.  1>.  Atherton.  T)-l,  I-l,  \V-19iHi. 
Vol.    XIII,    p.    II.   Jan..    'h;. 

\  ihratinu    Hcetilier— QB,    13G0. 

Electrolytic 

|.",lcetr«lytii QB.    1230,    1281. 

ROTARY   CONVERTERS 

The  History  of  the  Itotary  Converter 
In  America — F.  D.  Newbury.  r>-2.  1-24. 
AV-HinO.      Vol.    XII.    p.    27,    Jan..    '15. 

Synchronous  Booster  Kotar.v  Con- 
verters— J.  U  McK.  Vardley.  Arma- 
ture and  field  windin.Ks.  C-1.  D-5.  I-ti. 
W-4715.      Vol.    XI.    p.    2i;7,    May.    '14. 

(E)  E.  r.  Dillon.    \v-i;in,  p.  239. 

(  ommutatinK-I'ole  WindinKs  of  a 
Svnehronons  Booster   C'on\  erter — M.    W. 

Smith.  C-l.  I>-2,  W-1712.  Vol.  XIV,  p. 
505.    Dec,   'K. 

t'hanKine  a  Uirect-f  nrrent  Machine 
to  a  Synchronous  <'on\erter — M.  ^V. 
Smith.    \V-2700.    \'ol.  XV.  p.  473,  Nov.,  'IS. 

Hieh-Speed  Rotary  Converters — J.  L. 
McK.  Yardley.  C-l,  1-4,  W-2100.  Vol. 
XI,   p.    562.   Oct.,   '14. 

notary  Converters  vs.  Motor-Genera- 
tor Sets  for  Industrial  Service — George 
P.  Roux.  Power-factor.  Starting. 
Hunting.  Economic  features.  D-l.  C-2. 
\V-4500.  Vol.  XII,  p.  138,  Api-.,  '15. 
(E)    K.  P.  Dillon.     W-SIO,  p.   130. 

Susceptihilit.t  to  I")isturhanc*'s  —  QB, 
1511. 

Substation    <  onvcrtinK    .\pparatus — C. 
F.    Lloyd.      The   application    of   cimvert- 
ers  and  motor-generator  sets.     C-3,   1-4, 
W-3210.      Vol.  XII,   p.    147.  Apr.,   '15. 
(E)    K.    P.    Dillon.      W-SIO.    p.    130. 

Sixty-Cycle,  l.'OO-Volt  Uotarj  Con- 
verters— N.  Stahl.  On  the  Piedmont 
Lines.  D-2.  1-4.  \V-2(;50.  Vr.l.  XII.  p. 
154.   Apr..    '15. 

I'nrallel  Operation  of  Synchronous 
Converters — F.  D.  Newbury.  D-4,  \V- 
1250.     Vol.  XIV,  p.   274.  July.  ■17. 

I>nrallel   Operation — QB.    1543. 

Itelatinn  of  Trolley  Fee<ler  T:i|is  t*> 
Machine  Flash-O^ers — Chas.  H.  Smith. 
The  taps  should  be  at  a  distance  from 
the  staticm.  I-l,  W-2510.  Vol.  XII,  p. 
44,   Jan.,   '15. 

SturtlnK  notary  Converters  nlien 
Ciinnt'cted      »4i      Transfiiruicr     Scconilar- 


ie. 1'.    11.    .Newhurx     and    .M.    \V.    Smith. 

'  ■-!,  D-l,  W-.'iiiO.       Vol.  X\",  p.  24.  Jan.,  'IS. 

FlVect    i>f   «a»c    Form — KN.    XII.    85. 

Sparking  ""  Self-Starting — EN.  XIII. 
3  9ei- 

(  onipounding  of — EX,  XUl,   432. 

Self-Starting — EN,    XI II,    553, 

Field  Connections  for  Self-Starting' 
Converters — E.\,    .\1V,    37. 

Thr**e-\\  ir«*  Conn<'ctions  —  EN,  X!^', 
2S7. 

Three->\  ire  <  Onv  erters  —  QB,  .1019, 
1217. 

Starting  Coiincetion.s— Q  l:,  1420,  1533, 
1542. 

\«llagc    llatios — QB,     1183, 

Protection    of — QB.     1071. 

Accidental    tiround — QB.    1095. 

:;.-.    Cycle    on    «(>   Cycles — QP..    1130. 

Converter    Xcutral — QB.     llSli. 

I'^niergency  Starting  of  Si.v-Fliase 
Convcrtcr—gP.,     1219.    1435.    1491;. 

Op4'ration    in    Series — QI'..    12(i4. 

F.llcct     of     Kxcitation     on     Load — QB, 

i2(;7. 

liightning  .Arresters  to  Prevent 
Fla.shotcr — QB,    1278. 

>ar>iiig    Siiecil — QB,    1327. 

Size   of — QB.    1374. 

Fla.shing  of  Starting  Switch  —  QB, 
1388. 

Reversal    of    I'olarity — QB.    14  11. 

Haniper    ^^'indings — QB.    1447. 

Pedestal    Flashing — QI!.    1465. 

Phase     \oltag< QB.    1488. 

<  onnections  for  Changing  Storage 
Batteries —QB.    1571. 

< 'hanging  II.  C.  ticnerator  t*t  Con- 
verter— I.JB.     15S8. 

Relative    Output — Ql;.    1589 

Ratio    of    Shunt     Field      to      Armature 

Aniiicre   Turns — QB.    166  1. 

•STORAGE  BATTERIES 

Operating  Characteristics  of  l^ead 
Acid  Storage  Batteries — J.  H.  Tracey, 
T-l.  C-6,  'W-3080.  Vol.  XIII.  p.  17.  Jan.. 
■IB. 

Charging  Kdison  Storage  Batteries — 
E.  J.  Ross.  Jr.  C-3.  I-l,  W-1640.  Vol. 
XIII.    p.    25,    Jan.,    '16. 

Battery  Charging  Equipment — T.  H. 
Schoepf  and  A.  M.  Candy.  Types  of 
batteries.  Constant  current,  constant 
potential  and  fixed  resistance  chargins. 
CharsAing  in  series  and  in  parallel.  D-l, 
1-12.  W-7210.    Vol.  XIII,  p.   28,  Jan.,   '16. 

.M.  G.  Sets — H.  A.  Campe.  For  start- 
ing, lighting  and  ignition  batteries.  1-3. 
W-850.     Vol.  XIII,.  p.   40.  Jan.,  '16. 

Charging  Storage  Batteries  in  Tele- 
phone Central  Stations — Q.  A.  Brackett. 
1-4.  ^-1640.      Vol.   XIV.   p.   244.  June,   '17. 

Charging  Single  Starting  and  Light- 
ing Batteries  With  Mercury  Arc  Rec- 
tifier— A.  I..  Athcrton.  D-2,  1-3,  \\'-12Sll. 
^•ol.    XI\',    p.    177,    -May,    '17. 

Charging  of  Storage  Batteries  on  In- 
terhurhan  and  Street  Railway  Cars — 
ROD,    X\',     12  7. 

Storage    Battery    Openitlon — QB,  1106. 

Lead    Burning — QB,    1069. 

Battery    Cases — 1^1'.,    1224. 

Counter    K.    M.    F.    Cell— QB.    1261. 

Cadmium    Readings — QB.    1316. 

Plate   .Vsseinbly — QB,    1467. 

Charging — QB.    1554. 

Charging    Characteristics — QB.    1581. 

TRANSFORMERS 
General 

The  Ksscutials  «»f  Traiisform*-r  Prac- 
tice— E.    G.    Reed. 

I — The  Evolution  of  the  Transformer 
1-6,  \V-2490.     Vol.  XIV,  p.  271,  July,  '17. 

(E)    Chas.   R.    Riker.     W-450.      p.    259. 

II — Copper  Boss.  Calculation.  Eddy- 
currents.  1-2,  \V-2800.  Vol.  XI  \',  p. 
307.    Aug.,    '17, 


III — Iron  Loss.  Quantitive  expres- 
sion. Separation  into  components. 
Thickness  of  lamination.  Variations. 
Exciting  current.  C-13,  W-5145.  Vol. 
XIV.    p.    357,    Sept.,    '17. 

IV — General  Relations.  Between  cop- 
per and  iron  Ittss.  Eqxiivalent  total 
loss.  "X'ariation  of  iron  loss  with  fre- 
quency. K.v.a.  output.  C-4.  W-294n. 
Vol.   XIV,    p.    475.    Nov.,    '17. 

V — Efficiency.  T-2.  C-3.  ■\V-1530.  A'ol. 
XIV,   p.    499,    Dec,    '17. 

A'l — Regulation.  Calculation  of  Re- 
actance—E.  G.  Reed.  C-4,  I-l,  W-3100. 
Vol.   XV,   p.    10,   Jan.,   '18. 

\ll— Heating — E.  G.  Reed.  C-4,  1-2, 
\V-3900.       Vol.    XV.    p.    51,    Feb..    '18. 

VIII — Properties  of  Ins\ilating  Ma- 
terials— E.  G.  Reed.  Dielectric  Loss. 
Dielectric  strength.  Specific  inductive 
capacity.  Mechanical  strength.  C-4. 
\V-240O.      A-ol.    XV,    p.    98,    Mar.,    '18. 

IX — Ti-ansformer  Insulation  —  E.  G. 
Reed.  Tests.  Dielectric  characteris- 
tics. C-2,  W-2600.  Vol.  XV.  p.  134, 
Apr.,    '18. 

X — General  Problems  of  Design — E. 
G.  Reed.  Types  of  construction.  Ef- 
fect of  changing  the  proportions.  1-5, 
\V-2500.     Vol.  XV,  p,   163.  May,  '18. 

XI — General  Design  Relations — E.  G. 
Reed.  C-l,  W-2000,  Vol.  XV,  p.  237. 
.lune.    '18. 

-\II — Yearly  Cost  of  Operation — E.  G. 
lieed.  T-2,  C-l,  D-l,  \V-2900.  \'ol. 
.XV.   p.   276,  July,  'IS.. 

XIII — Conditions  for  Minimum  Cost 
..r  Operation — E.  G.  Reed.  T-3,  C-l.  W- 
2500.      Vol.   XV,   p.   315,   Aug,,  '18. 

.XM' — Reactors — E.  G.  Reed.  '\V-2300. 
Vol.  XV,  p.  365,  Sept.,  '18, 

X'V — An  Approximate  Method  of  De- 
sign— E.  G.  Reed.  T-l,  D-3,  W-1400. 
Vol.   XV,   p.    416,   Oct..   '18. 

X\l — Connections  for  Voltage  Trans- 
f.iimations — E.  G.  Reed.  D-13.  W-17II0. 
Vol.    XV.    p.    459,    Nov..    '18. 

XVII —  'Thi'ee-Phase  Transformation 
with  Single-Phase  Transformers — E.  G. 
Reed.  T-l.  D-7.  AV-1900.  Vol.  XV,  p. 
510.    Dec.    'IS. 

Thermal  and  .'>lcclianieal  Feattires  of 
Transformer  Windings — W.  M.  McCon- 
ahev.  1-12,  \V-2sno.  Vol.  XIII.  p.  150. 
Apr..   '16. 

Relation  (»f  Tr.'insformer  Design  to 
Load  Factor — S.  D.  Sprong.  "W-IOOO. 
\'ol.    XV.    p.    190.    June,    '18. 

Fcononiical  Ratio  of  Copiicr  to  Iron 
Loss  for  Distribution  Transformers — E. 
a.  Reed.  T-l.  C-l,  W-140O.  Vol.  XV. 
p.    502,    Dec,    '18. 

(E)    A.    C.    Farmer.      -W-UOO,    p.    481. 

'I'rsinsfonners  of  I^argc  Current  Ca- 
pacities—V.  E.  Alden.  1-5,  \V-2270.  Vol. 
XIV.    p.    147.    Apr.,    '17. 

High  A'oltage  Distrihnting  Trans- 
formcrs- E.  G.  Reed.  C-2,  I-O,  W-lOlo. 
Vol.    XI,    p.    338,    June,    '14. 

22000  A'olt  Distributing  Transforni- 
,.rs — E.  G.  Reed.  1-5.  '\V-830.  Vol. 
XIII,   p.   297.  June,   '16. 

The  Evolution  of  the  Transformer — 
J.  .s.  Peck.  1-19.  ■\V-4340.  Vol.  XI,  p. 
476,    Sept.,    '14. 

Sclf-Cooling  Transformers  —  \V.  M. 
Dann.  Radiator  type.  I-IO.  ^^-2280. 
Vol.    XII.    p.    134,    Apr.,    '15. 

(E)    W.   JI.  McConahey,  '\A'-3S0,  p.  130. 

.^lechtinleal  Stresses  in  TransforinerN 
—J.  F.  Peters.  1-7,  W-2280.  Vol.  XU, 
I>.    555.    Dec,    '15. 

>Ianhole  Transformers  for  .\.  C  Dis- 
tribution—E.  G.  Reed.  I-::.  \V-120n. 
A'ol.    XII.    p.    515,    Nov.,    '15. 

The   Circle   Diagram   for   Single-Phase 
Transformers  —  Chas.     Foltcscue.       D-2. 
\V-9O0.       Vol.    XI,    p.    449,    Aug.,    '14. 
lE)   Chas.   R.   Riki>r.      \V-47o.   p.   420. 
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Tin-   t'iri'lo   UiaKrum    fur   MiiBli'-Phjmo 

<-'ircuits — Charles  Fortesciie.  D-2,  A\'- 
2000.      Vol.    XIII.    p.    42S,    Sept.,    '16. 

Interliicinu   CoiLs — EN.   XII.    290 

Vnri:itif»ns  of  Cor<»  l'''liix  witli  I.ojmI — 
EN.  XII.    J91. 

Pnnrsikt-   Coil.s— EX.   XIV.    203. 

Urfliiitiun    of    rrimiiry — QB.    1153. 

RrouiiiliiiK    t!i.s<-N — QB.    115S. 

SnitchinK    l'r:i<'li«-e — QD.    llSri.    1102. 

Cli'iiniiiK'  roolinj;-  CoiLs — QB,  1237. 
129S. 

I^arKost    Sizr — QB,    1284. 

Fu.sfs    for — QB.    1331. 

Te.slsi    Os<'ilIntor — QB.    1345. 

('oiLstniit   Current — QB.    1537. 

In.st-rtiiiK  Taii.-s — QB.    160S. 

i'urrrnt  l'a|iarit>  of  strap  witli 
Kound    t>»riicr.s — QB.    IGIS. 

fOXXKCTIOXS 

A   Peculiar  Tr;iii»iforiiirr  <'4»iiiirftion — 

1-.  JI.  Klauber.  D-1,  W-7S0.  Vol.  XI. 
p.    235.    Apr..    '14. 

Tliret'-Plia.se     Sli«*li     aiMl     Core-'r^iH 

EN.    Xlll.    397. 

Intereonneeted    Star — QB.     1007. 

r:rounil('<l    Ni'iitral — QB.    1171. 

Series    Operation — QB.     1286. 

Tans    on    Delta — QB.    1335.    1375. 

Xonieiielature — QB.     13  42. 

Boostin;^    'I'ransfornier — QB.    1343. 

<'ireula(inK    <'iirrent — QB,    13(18. 

<;roun<le(l    Star — QB,     1393. 

Iteversal  of  Milldle  »  lii<lin!;.s — QB. 
1419. 

Knier^ienej     Si.v-i'liase — QB.     1435. 

statie   Potential   to  (iroiinii — QB.    1401. 

t'aleiilatinjr  i*o*ver  from  linpro|ierIy 
Conneet4Ml    Transformers — 1^[;,    1.'".95. 

Delta  with  I  ileiinal  \  <»lfa;;es — QB. 
1597. 

Boo.ster — QB.    1631. 

Delta    Star — QB,    1663. 

RntinK    of   T — QB.    1518. 

One  Ph.  from  S  Ph. — QB.  1010.  lOSO. 
1242. 

Tiro-riidsc  til  'J'hrcf-I'hd.sc 

Two-Ph.     to     ;!-Ph.     for    TeslinH^- 

1547. 

Two     I»h.     to     :t     Ph.— QB.      IIIIM. 
nil,     1530. 

P:irailelinu    Seott    ton. — QB,    1O40 

Keiiulation    of — QB.    1503. 


-QB. 
1112. 


Oiiiii  hciid 


The     Open     Delta     < 'onnei'tion 

<;ibb.s.        Capacit\.        RcKulation. 
D-9.  W-2550.    Vol.  XIII.  p.   100.   Feb, 

Katina   of  Open   Delta — EN.   XIII 

I  nhalaneeii    ^'oitaKre — QB.    1548. 

Open    Delta — QB.   1054.   1139.1154. 
1173.    1191.    1435. 

Parallel    Operation — QB.    1614 


J.    v.. 

T-5. 
.  ■!(!. 

55  4. 

1172. 


Piiidlld 

.star  .-ind  Delta  Transformers  in  Par- 
allel—  EN,    XII.    5311 

Parallel  Operation  of — EN.  XI 1,  338: 
QB.     1221. 

Phasinu    Onl— QB,    1063,    1421,    1487. 

Parallel  Operation  of  Stsir  with  One 
Transforni4-r    Ilurnefl    Out — QI5.    lIliS, 

ParallelinK — Ql'.     1274. 

PnralleliiiK    :!    Ph QB.    1017. 

Uneiillal    Uatio — QB.    1669. 

poi..\Hri'^ 

Polarit>  of  Transformers  —  ^^'.  M. 
Kami.  T-1.  D-13.  W-3500.  Vol.  XIII. 
p.    350.    July.    '16. 

Polarity  of  SinRle-Phnse  Transfor- 
mers— M.  A.  Smith.  Jr.  D-4.  \V-1040, 
Vol.    XII.    p.    83,    I''eb.,    -15. 

Polarity — QB,     1525. 

PKUKORMAXt  !•; 

Traii.s  former  Ktti«-ieiie 
tion — W.  M.  ilcConahev 
2340.      Vol.    XIII,    p.    206, 

Kxeiting     Current — E. 
effect    on    the    operation 
transformers.       C-1,     D-1. 
XIII.    p.    99.    Feb..    'IH. 

Kxeitinn     (  nrreiit — QB.     1116. 

Macneti/inu    <  nrrent — QB.    1279. 

Dissiniihir  Transformers  in  Delta — 
J.  B.  Gibb.s.  D-l.  W-IOOO.  V,,I.  Xl\', 
p.     356,    Sept..    '17. 

Leakage    l«eaetane« EX,    XII,    383 

.■iO  Cyeles  on   27>  Cyeles — EN,   XIII.  396. 

ChanBe   of    Fre<iu<-n<-y — QB,    1023. 

I'nhalaneed    Load  —  QB,    1020. 

Katio— Ql;.    1066.    1094,    1256. 

Tenip<»r:iture — QB,     1336. 

K-H     Curv. QB.     1359. 

Po^ver    Factor   at    \o-Kosid — QB 

CharKinit    <  nrrent — QB,    1379. 

KatinK    wilhoul    Oil  -QB,    1399 

Keunlation — (.iB.     1  111, 

Calculation    «»f    Currents — QB. 

lnstantaneou.s   liire^'tion   of   C 
QB.    14  50. 

SnitchinK — QB.    1459. 

With    t  nlialanced    Load — QB.    16119. 

A\attnieter      Transfitrmer      Fuse — Qli. 


k      :iiiil     Ke^iila- 

T-1.    C-3.    \V- 

May.   '16. 

G.     Reed.       Its 

of   distributing 

\V-780.       Vol. 


1371. 


1 1  i:i, 

'nrrcnt- 


K.lli 


KSTI.Mi 

l.uadinu    Hack — QB.    1033. 
Capacity     for    Testlli;:' — QB-. 
Kquivnient    Load — QB.    1527. 


1037 


SF.HIKS 

<hjiractcristi4'  of  Ciirr4>iit  Trjinsfor- 
mers  on  Open  Circuit — A\'.  U.  A^'ood- 
ward.  C-2.  D-1,  1-5,  W-1500.  Vol.  XV. 
p.    48.    Feb..    '18. 

With    Open    Secondary — EN,    XII,    338. 

In    Parallel — QB,    1135. 


Connected    in    Series — QB,    1233. 

Split    (  or< QB.    1211. 

Through    Type — QB.    1253. 

Desi!;n — QB.     1178. 

Couiiiensation — QB.    1306. 

■/.    Connections — QB,    1469. 

For  Circuit  Breaker  Operation — QB, 
1472. 

I'rotcclion  l»y  l-'ilin  Cut  Outs  —  QB, 
15  4  1. 

KlVcei    of    0|>cn    Secondary — QB.    1601. 

Parallel    Operation — QB.    1684. 

KcKulation — QB.    1682. 

.WTOTItAXSFOHMKRS 

Autotransformers — E.  G.  Reed.  C-1. 
11-2.  W-lllO.  Vol.  XIII.  p.   150,  Mar..  '16. 

Autotransformers  on  Groundeil  Sys- 
tems— W.  R.  WcM.dwavd.  Foi-  starting' 
ronverters  and  motors.  D-4.  \V-900. 
\'ol.    XIII,    I).    549,    Nov.,    ■16. 

On    T«o-Phase — QB,    1140. 

Capacity    of — QB,    1396. 

UK.\CTAXCE    COILS 

Current-Iiimiting:    Ueaetance  —  H.     H. 

Riidd  and  W.  M.  Dann.  Application. 
Location.  Resulation.  ('-4,  D-2,  1-3, 
\V-3310.      Vol.   XIII,    p.    280,   .liine,    '16. 

Current  I.imltin;^  Ueaetance  Coils — J. 
V.  Peters.  1-4,  \V-1540.  Vol.  XI,  p.  202, 
.\pr..    -14. 

Mechanical  Stresses  in  Ueaetance 
foils — \v.  -M.  Dann.  T-2.  C-7.  1-1.  \V- 
2280.      Vol.    XI.    p.    204.    Apr..    '1  I. 

(E)    P.   JI.   Lincoln.    \V-660.   p.    1S3. 

Uepulsion  and  Mutual  Inductance  of 
Ueaetance  Coils  «ith  the  Same  Axis — 
H.  B.  Ii\vii;ht.  C-3.  I-l.  \V-1500.  Vol. 
XV.    p.    166.   Jlay.    'IS. 

(E)    W.    II.    Dann.      \V-400.    p.    143. 

Percent   Ueaetance — EN,   XII,    173. 

Current    Limiting — EN.    XIII,    318. 

Air   Core    \  s.    Iron    Core — EN,   XV,    103. 

Ucactors   without    Iron — QB.    1322. 

Inductance  at  Low  Magnetic  Density 
— QB,    14  26. 

UatinK— QB,   1311,   1485,   1G61. 

For    Protection    of    Cables — QB,    1558. 

OIL 

The    Care    of    Transformer    Oil — C.    S. 

Lawson.  Test.s.  Filter.-^.  1-4,  W-2980. 
A'ol.    XII,    p.    ISS,    May.    '15. 

Flash    Point — KN.  XII.   85. 

\  iscosity— EN.    XV.    141. 

Filterins — QB.    1162. 

CONDENSERS 

Capacitance    of — QB.    1121. 

Formula    for    Spark    .Vhsorption — QB, 

1572. 


TRANSMISSION 

CONDUCTORS  and  CONTROL 


GENERAL 

(See  also  Theory, 


4) 
lisle-Phase 


tor   oil    >lo- 

173. 
-QB,     1313, 


The   Circle   Diagram   for 
Circuits — Charles    Fortesciie.       D-2 
2040.     A-ol.  XIII,   p.  428.  Sept..  '16 

Power-Factor 

Effects   of   Line    Po*vcr-Fa«' 
tor    Power-Fai'tor — EN.    XII. 

A\"ith     Synclironoiis     Motor— 
1334. 
.Of    Induelion    tlotor — QB.    1339. 

At    Xo-lo:l<l   i»n   Transfornier — QB.  1371 

Composite     Po^vi-r-Factor — QB.     1458. 

Siilistation     Powi'r-Factor — QB.     1460. 

KITcet    of    I  nhalanci QE,    1591. 

Power    Factor — QB,    1621. 

SYSTEMS 

Electric    Dcveloiiment    in    California — 

J.  A.  Britton.  W-740.  Vol.  XII,  p.  229, 
.lune.   '15. 

Experience  witli  l.lOOOO-A'olt  Trans- 
mission—  Edwaid  Woodbuiv.  C-1.  I-ll, 
W-2660.      Vol.    XII.    p.    256.   June.    '15. 

Higher  Direct-Current  A'oltages  —  C. 
S.  Cook.  (E)  W-530.  Vol.  XI,  p.  501, 
Oct..    '14. 

Distribution  Line  Ueeords  —  F.  R. 
Healey.  1-2,  W-i;oo.  Vol,  XII.  p.  276. 
June.    '15. 

D.   C.   Transmission — QB,    1272. 

A,  C  and  D,  C.  on  Same  Ciri'llits — 
QB.    1569. 

440   vs.    -SM)    \oll  — QB.    1586. 


Alternating  Current 

Siiif;le-Phase  Loads  from  Pol.^iihasc 
Systems — 1^.  G.  Lanime.  Futility  of 
transformer  c^mnections.  The  rotatim: 
phase  converter.  C-1.  D-3.  ^-3070. 
Vol.    XII,    p.    261,    June.    '15. 

A  Study  of  'I'liree-I'hase  Systems — 
Chas.  Fortesciie.  Star-star,  delta-delta, 
stai'-delta  and  delta-star  connections. 
T-1.  C-4.  D-7.  I-l.  W-5210.  Vol.  XI.  p. 
461.    Sept..   '14. 

Single-Phase.  Two-I'hase  anil  Three- 
Phase  Distribution — George  P.  Roux. 
T-1.  D-7.  W-2560.  Vol.  XIII,  p.  385. 
Auk.,    '16. 

(E)  Charles  F.otescue.    W-5S0.  p.  363. 

I'nbalnneed    Voltages — QB,    1238. 

A'ariations   in   Frequency — QE,    1205. 

Grounded   Star  Connections — QB,  1427. 

LINES 

Caleiilation      of      Constant-^'  o  I  t  a  g  e 

Transmission  Lines — H.  B.  Dwicht.  C-1, 
W-2130.      Vol.   XI.    p.    487,   S'pt.,   '14. 

(E)    It.    I'.    Jackson.      A\'-I2ii.    p.    459. 

Constant  A'oltagc  Oiicratioit  of  the 
>\  innepeg  Transmission  S.ii.stem — L.  .\. 
Herdt  and  E.  G.  Burr.  C-8.  I-l.  W-3450. 
Vol.    XII.    p.    397.    Sept..    '15. 

A  Chart  for  Estimating  A.  C.  Lines — 
H.  B.  DwiKht.  T-1.  D-7.  \V-1560.  Vol. 
XII.    p.    306.    July.    '15. 

Phasing  Out  High -Tension  Lines — 
E.  C.  Stone.  For  parallel  operation. 
D-4.  1-2.  \V-2040.  Vol.  XIV,  p.  448. 
Nov.,    '17. 

(E)   Chas.   R.   Riker,  W-IOO.   p.   447. 


Phasing    Out — QB.    1559,    1615. 

The  Protection  of  Kleetrieal  Appara- 
tus— P.  JI.  Lincoln.  W-2800.  Vol.  XV. 
p.    346.    ."-iept.,    'IS. 

The  Suppression  of  Arcs  due  to  Acci- 
dental <;rounds — jM.  H.  Collbohm.  Po- 
tential. Mechanical  stresses.  Ground 
ihe<istats.  \V-2700.  Vol.  XV.  p.  13. 
Jan.,    '18. 

Grounding    Ucsistor — QB,    1613. 

Detecting   Grounds — QB.    1678. 

Design — QB.    1179. 

Size    of    Wire — QB,    1198. 

Surges — QB.    1012. 

Power-Factor— QB,    1013,    1082. 

\cctor    llclation.s— QB,    1019,    1042. 

(barging    Current — QB,     1370. 

F.lei'trolier    Wiring    Scheme — QB,  1132, 

Calculation  of  Direct  Current — QB. 
1551. 

Overhead 

The  Uisk  Involved  ill  Directing  a 
Stream  of  Water  onto  a  Iligh-Tension 
Line— T-2,  C-3,  I-l,  W-1340.  Vol.  XI, 
p.    450.    Aug..    '14. 

Protection  of  Motor-tJcnerator  Sets 
ill  Parallel  on  High  Voltage  Direet- 
Inrrcnt  Systems — E.  F.  Nelson.  D-1. 
1-1,    \V-43ii.      Vol.    XII.    p.    108.    Mai-..    '15. 

Ucl.-ltion  of  Trolley  Feeder  Taps  to 
Machine  Flash-Overs — Chas.  H.  Smith. 
The  taps  should  be  at  a  distance  from 
the  station.  I-l,  \V-2510.  Vol.  XII.  p. 
44,    Jan.,    '15. 

.Aluminum      Cati'nary      Constrliction-- 
EX,   XV,    28. 
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Induced    r'lirrpnl — QB.    12liS 
^olfjiKc    to    \i-iitrnl — QB,    1302. 
InNiiliitiiiu    t.iiy    \\  irrx — QB,    1360, 
<  o«(    i>r   'I'riiiiNiiiissiun — QB,    102B. 
Triiiisiiiissiaiii    n:il:i — QB,     1039 
rlioit-f  of   \nltau<- — QB.,    ln.')l 
lU!"'"'"'      "•■<"<■••"      foiidiK-torx  — QB. 
(■roiiiidiiiK — Qi;.    111,5. 
''',<■"''••«    Grounded    Conno-tiuiiN  —  QB. 

Triin.siKi.sition — QB,    1474. 
Oi-t<-rl<>r:ilion    of    ^Vi-:ith<-r|iro<>r    liisn- 
l:i<iMl    Wire — QB.,    MWi. 

Underground 

Cjllile     I'roiilile.s — QB.    10,"j<l 

Ur.fiiiK   Cahle — QB,    1117. 

.Size  of  Cjil.le — QB,    1127. 

HenlliiK  in  l.ejid  (ablex  —  QB,  12;in 
1508. 

Ue:iel:inee  t'ollK  (or  Protection — OB 
lo58. 

CaiHiciliince — QB,    1592. 

TriinspoKition  of  Hcin  .»  rubles — QB, 
1591. 

Supporting  and  Retaining  Devices 

(Sh.-  al.so    ■■In.-sulators,"   p.    4.) 
PoicK  niid  l'ro.sNiirm.s — W.  K.  Vandei- 

poel.        Tlu-ir      pre.siTvative      treatment. 

p-1.    I-lo,    W-4ti2,i.       Vol.    XIII.    p.     -71 

June,     IC. 

Development  of  u   Pole  HoistinK  Der- 

"•^l*— "'■    A-    LaDue.      D-3,    1-3,    W-720 

\  ol     XI.   p.    367,   June.    'll. 

Conductors 

Copper      Mires      and      Cabicx — J        T 

Vi*'J'^-''-j  t-haracteristics.  Re.<sistivitv. 
Methods  of  .strandins'.  In.sulation 
Tests  T-1  1-5.  W-4150.  Vol.  XIV,  p. 
4d1,   Nov.,     17. 

Skin  Effeet— H.  B.  Dwiyht.  Of  a  re- 
turn circuit  of  two  adjacent  .strap  con- 
ductor.s.  C-2,  D-1.  W-1540.  V,,l  XIII 
p.    lui,   Apr..   '16. 

Skin  Kfleet— QB,  1123. "1319. 

KeniovInK    In.sulation — QB.    1137. 

Bare    «  s.    Insulated    AVire — QB     1354 

Insulated    Haul    Kopi QB     1174 

Iron    Wire — QB.    lll!l. 

Cnpaeity    of    Bus-Bars — QB      11711 

Leads   from   1).   C.   (;en. — QB     I'll 

r,i'/",",c?"''    »"■«""•    MovioB     fontacts  — 

QB.    I  Ir,  1. 

Current    Capacilj—QB.    1436. 
Uevistanee   of   Copper — QB,    M,SO 
Iron    and    .steel    Wires — QB.    1481    1,5''' 
Soldered    .loint — QB,    1584. 
.>la\lniuni    (  ahie    Sizes — QB,    1587. | 

SWITCHBOARDS 
General 

Kleelrieally-Operated    Switelihoards— 

H.  A.  Travers.  Control  equipment.  Cir- 
cuit breaker  structure  arrangements, 
^.-l'  D-1.  1-53.  W-7000.  Vol.  XII,  p.  507 
Nov..  '15:  p.  547.  Dec.  '15. 
n  "^"Jf  ''?"•'  Dixpatehinir  System  of  the 
Public  Service  Rleetric  Company  of 
>ew  Jersey — J.  T.  Laws.m  T-'^"  I--> 
\\-5100.  Vol.  XI.  p.  eO')  Oct  ■ii'' 
^J'^t.  S<.V!.teni  OperntlnB  Department  of 
the  Duqupsne  Usht  Company  —  E  C 
Oc°t"^'14^'^'    '^'^'■-"''"-       '^'o'-    Xi.    p.    '605'; 

D.h"li"'      Ditpatehingr      System      of      the 
Plttsbureh     Raiitvnys     Company— J,     \V 

Welsh.  ^   1-3,    W-1900.      Vol.    XI,    p.    607! 

Meehnnleal  Stresses  Between  Elee- 
U.  ."'.  <on«'''etor.s  in  Air  and  in  the 
\  iclnlty    of    .Mnenetie    .llaterial K     C 

?%"8t"july.-^i7'-'''   ''■-'"''■      '■"'•   ^^^-^ 
Repulsion    Between    Bus-Bars S     G 

i"™"''''''    '^"'J    Chas.    B.    RiUer.      C-2    'w- 
2020.      Vol.   XIV.    p.    491.   Dec.     '17     ' 

T> '''J?'' ^'■"'' "'"*'""    "'    *'"'    SHi'tehboard— 

B.   P.   Rowe.     Meters.      Switche.-;.   Panels 

fcr  w'^Vn'.-^'"'^?.''?''''-  Arransement. 
1-60.  W-10,450.  Vol.  XII.  p.  320  July 
lo:  p.  370,  Aug.,  '15:  p.  408,  Sept.,  '15.  '  ' 
Comparison  of  600,  12<Mt  and  ::400- 
\olt    D-C    Railway    Switchboard    Prae- 

Y?f~^\,)\"''^"''"'-      °-9'    W-1090.      Vol. 
XII,   p.    455,   Oct.,    '15. 

Switchboards   for  Frequency   Changer 

xn':-^:'8i'r>"er%.  '-'■  ^'^-''''-  ^''"- 

Protection  of  Motor-Generator  Sets 
In  Parallel  on  llijth  VoltaKe  Direct- 
Current  Systems— E.  F.  Nelson.  I>-1 
I-l,    \V-43ii     Vol.    XII,    p.    lOS,    Mar.     '15    ' 

Current  Capacity  of  Copper  Bus-Bars 
— F.  M.  Billhimer.  T-1,  C-4  1-1  W- 
1200.      VoJ.  XV,   p,    94.  ilir.r  '18. 


Safety    Kirsl     Switchboards — EN,    XII, 
568. 

Bus   (lamps — EX.  XIII,   554. 
.>letal    Bus-Bar    Clamps — QB,    1521 
Connections— QB,    1015,    1072. 
Ground    Detector — QB,    1032,    1318,  1340 
Skin    lon'o't — QB.    1319. 
Syn<'lironizinK    tirowier — QB,    1353. 
.\rranuenient   of   Bus-Bars — QB,    1570. 

Interrupting    Devices 

DesiKn     and     Selection     of    Oil     Circuit 
Breakers — J.     N.     Mahonev.        T-1       C-2  " 
1-5,  W-6000.     Vol.  XV,  p.  462.  Nov..' 


n 

'IS 


Breaker     De- 

I-i;.      AV-800. 


I  El    Chas.    R.    Riker.      W-20n.    j).    434. 
Oil  Circuit  Breakers  and  Their  Appll- 
cation — J.     B.     MacNeill.       1-7.     W-3360. 
■J    Vol.    Xlll.    p.    364.    AuK.,    '16:    T-1,    D-1 
W-1030,    p.    547,    Nov.,    '16. 

The        Tendency         toward         Outdoor 
SwitehinK    -Vpparatus  —  H.    O.     JlacDon- 
ald.        I-l  I,     \V-2000.       Vol.     XV,     p.     124 
Apr.,    'IS. 

High     Voltsiee    Circuit 
tails — L.      R.      Golladav. 
^  Vol.   XV.   p.   128.  Apr..   '18. 

Connection  of  Current  Transformers 
— QB.    1472. 

Outdoor  Switch  and  Circuit  Breaker 
.Apparatus — J.  N.  Mahonev.  1-20  W- 
1960.      V.,1.    XI.    p.    362,    June,    '14. 

The  Effect  of  laniitiuK  iieactances 
on  the  Application  of  Oil  (  irenit 
Breakers — J.  N.  .MahoncN-.  C-2  \V-7'ili 
Vol.    XI.    p.    200.    Apr..    '14. 

(E)    I>.   JI.   I^incoln.      W-660.   p.   183. 
TeslinK  Larse   Oil   Circuit  Breaker.s — 
J.   N.   JIahoney.      C-1,   1-4,    W-1100       Vol 
XIII,    p.    590,  Dec,   '16. 

The  Design  of  Oil  Circuit  Breakers 
for  Quantity  Manufacture — J.  N.  Ma- 
honey.  T-1,  1-21,  W-2370.  Vol.  XII 
p.    387,    Sept.,    '15. 

(E)    Chas.    R.    Riker,    AV-50II,    p.    386. 
Fire-proof    Compartments     for    High- 
Tension      Oil      Circuit-Breakers  —  S.      Q. 
Hayes.       1-4,     W-960.       Vol.    XII,     p.     76. 
Feb.,    '15. 

Automutlc  Change-Over  Switches — 
H.  E.  Trent.  D-2,  1-2,  W-SOO.  Vol. 
XIII,    p.    233,   May,   '16. 

ChanBe-Over  Switches — H.  R.  Mever. 
On  direct-current  600-1200  and  750-150(1 
volt  efiuipment.  T-2,  D-5,  1-4.  W-1810 
Vol.    XIII.    p.    479,    Oct.,    '16. 

Disconnecting  Switches — (1.  L.  Christ- 
man.  1-11,  \\'-i500.  Vol.  XII,  p.  122 
Blar.,    '15. 

Direct-Trill  Reierse  Current  Devices 
for  Direct-Current  (  ireuits  —  H.  E. 
Trent.  C-1,  D-4,  1-3,  W-1310.  Vol.  XII, 
p.    360,   Aus.,   '15. 

.Magnetic    Blowouts — EN.    XTI,    85. 
Iland-Operated       Railway       Circuit 
Breakers — ROD.    XIV.    369. 

Protective  Resistors  for  Instrument 
Transformer  Fuses — EN,  XV,  ISO  QB 
1666. 

Transformer   Fuses — QB,    1331. 
Air   Break    Switch — QB,    10S9. 
Series    Contactor — QB,    1167. 
Carbon   vs.   Oil    Circuit   Breakers — QB, 
1193. 

Vncertain    .Action — QB,    1285. 
Switching     Synchronous     Aiinaratus — 
QB,   1310. 

Circuit    Breaker    Heating — QB,    1616. 
Switching       (Grounded       Circuit  —  QB, 
1677. 

Protective 

The  History  of  the  Lightning  Arres- 
ter—A. J.  Wurts.  D-2.  1-11.  W-6500, 
p.  187,  Apr,  '16;  p.  209,  May,  '16;  R.  P. 
Jackson.  D-2,  1-7,  \V-1S70.  Vol.  XIII, 
p.    299,    June,   '16. 

Protection  of  Outdoor  Tr:insfornier 
Substations  from  Lightning  —  Q.  A, 
Brackett.  1-5,  W-1380.  Vol.  XI.  p.  409. 
July,     14. 

Lightning  Arresters  for  Electric 
Railway  Equipment  —  Q.  A.  Brackett. 
Circuit  breaker,  magnetic  blow-out, 
niultipath,  and  condenser  type  arrest- 
ers.   1-7,  W-32S0.    Vol.  XI,  p.  247,  May, '14. 

Charging  Resistance  for  Electrolytic 
Lightning  Arrester.s — G.  C.  Dill.  D-3 
1-2,    W-790.      Vol.   XI.    p.    251,   May,    '14. 

Protection  from  Lightning  and  High- 
Voltage  Disturbances — Q.  A.  Brackett. 
Lines.  Station  equipment.  I-ll,  W- 
5460.      Vol.  XII.   p.   330,   July.   '15. 

Characteristics  of  Electrolyte  for 
Lightning  Arresters — G.  C.  Dill  C-7 
D-2.  W-2265.  Vol.  XIV.  p.  226.  June.  '17. 

Lightning  Protection  for  Special 
Transmission  Lines — G.  C.  Dill.  D-11 
1-4.   W-ieOO.      A'ol.  XV.   p.   203.   June,   'Is! 

Protection  of  Distributing  Transfor- 
mers— Q.  A.  Brackett.  1-3,  W-1460. 
Vol.    XIII,    p.    302,    June,    '16. 


The  Protection  of  Electrical  Appa- 
ratus— P.  M.  Lincoln.  W-2800.  Vol  XV 
p.  346,  Sept.,  '18. 

Lightning    Protection — QB,    1018,  1287. 

Eleetrolytii'    .Vrresters — QB,  1053,  1320. 

For   Converters — QB,    1071,    1276. 

•  •rounding    .Arresters — QB,    1073,    1241. 

Cround   Resistance — QB,    1250 

Choke    Coils — QB,    1081,    1380. 

For    D.    C.    Circuits — QB,    1118. 

Location    of — QB,    1188. 

Lightning   Rod.s — QB,    1260. 

Film  Cutouts  for  Series  Transform- 
ers— QB.    1541. 

Electrolyte    for    Fertilizer — QB.    1599. 

Choke  Coil  Aoltage  Rating — QB,   1661. 

Synchroscopes 

Operation    of — QB,    1423. 

REGULATION  AND  CONTROL 
Regulators 

Automatic  Voltage   Regulators — C.   A 

Boddie.  The  new  Tirrill  regulator. 
D-ll,  1-3,  W-7436.  Vol.  XIV,  p.  75 
Feb.,   '17. 

Feeder  Voltage  Regulators  for  Out- 
door Operation — I.  C.  ilinick.  C-1,  I-G, 
\\'-lli(i0.      Vol.   XV,   p.    211,   June,   'IS. 

Tirrill    Regulator — QB,    1475. 

A  oltage  Regulation  of  the  AVest  Penn 
System — J.  S.  Jenks.  Automatic  in- 
duction regulators.  I-S,  \V-3240  Vol 
XI,   p.   309,  June,  '14. 

Automatically-Controlled  Feeder  A'ol- 
tage  Regulators — E.  E.  Lehr  and  I.  C. 
Minick.  1-4,  D-2.  W-1910.  Vol.  XIII 
p.    332,   July,    '16. 

A'oltnge  Regulation  on  .Alternating- 
Current  Distribution  S.vstems  —  I.  C. 
Minick.  By  induction  feeder  regula- 
tor. C-3,  D-2,  1-6,  W-2195.  Vol,  XIV 
p.   254,  June,   '17. 

A  4S0-Point  Testing  Regulator — E  E 
Lehr.  D-4,  I-l,  W-1450.  Vol.  XIII.  p. 
227.   May.   '16. 

-Automatic  Induction  Regulator — QB 
1166. 

Three-Phase    Regulators — QB,     12  11. 

Itcgiilating  I'wo-Phase  and  Three 
Pbas. QB.     I.''.ll7. 

Slip    Regulator — QB,    15911. 

Adjustment  of  Exciter  l"leld  —  (IB 
1636. 


Controllers 


IIVDi:STRI.VL 


The    Evolution   of    Industrial    Control- 
ler.s — T.   S.   Perkins.     D-1,  1-30.   \V-3720 
Vol.   XI,    p.    695,   Dec,    '14. 

I'rogress   in  Industrial   Control — F    1) 

Hallook,    (E)    W-13S0.      Vol.    XI,    p.    653 
Dec,   '14. 

An    Appeal    for    Controller    Education 

— H.    L.    Beach.       (E)    W-630.      Vol.    XI, 
p.    654,    Dec,    '14. 

An  Analysis  of  Controller  Diagram 
Construction — H.  L.  Beach.  D-8,  W- 
1510.      Vol.    XI,    p.    666,    Dec,    '14. 

The  Magnet  Switch — E.  A.Hanff.  De- 
tails of  design  and  characteristics. 
1-15,  \V-2890.  Vol.  XI,  p.  656,  Dec,  '14. 
An  .Analysis  of  Industrial  Control — 
A.  G.  Popcke.  With  respect  to  type  of 
construction  and  characteristics  of  the 
motors.  T-1,  W-2450.  Vol.  XI,  p.  661, 
Dec,    '14. 

Automatic  Starters  and  Controllers — 
W.  H.  Patterson.  D-5,  1-14,  W-1740 
Vol.   XI,    p.    669,   Dec,   '14. 

Control  Panels  for  Synchronous  Mo- 
tors— R.  L.  Kimber.  D-1,  1-7,  W-1450. 
Vol.  XI,   p.   701,   Dec,  '14. 

The     Manufacture     of     Electric     Con- 
trollers— J.    A.    Blickman.      1-7,    W-1930 
Vol. XI,    p.    692,    Dec,    '14. 
Industrial    Controllers 

I — The  Functions  of  a  Controller — 
H.  D.  James.  W-1680.  Vol.  XIV.  p 
34.    Jan..    '17. 

II — How  to  Read  Controller  Dia- 
grams— H.  D.  James.  Face  plate.  Drum. 
Magnetic  contactor.  D-7,  1-4.  W-3000 
Vol.   XIV,    p.    54.    Feb.,   '17. 

(E)  A.  H.  Mclntire.  W-430.  p.  41. 
Ill — Methods  of  Accelerating  Motors 
— H.  D.  James.  Counter  e.  m.  f.  Series 
relay.  Series  lock-out.  Time  element, 
D-4,  I-l,  W-2620,  Vol.  XIV,  p.  102, 
Mar.,    "17. 

IV — Methods  of  Speed  Control  and 
Dynamic  Braking — H.  D.  James  and  A. 
A.  Gazda.  D.  C.  varying  speed.  D.  C. 
adjustable  speed.  D.  C.  voltage  con- 
trol. A.  C.  varying  speed.  A.  C.  ad- 
justable speed.  Dynamic  braking.  C-5, 
D-3,  W-3080.  Vol.  XIV,  p.  150,  Apr.,  '17. 
V — D.    C.    Magnetic     Contactor    Con- 


THE  ELECTRIC  JOURNAL 


11 


trollers — H.  D.  James.  Nun-reversins". 
Reversing.  Field  rheostats.  Master 
switches.  Low  voltaye  and  overload 
protection.       D-3,      1-5.      W-2S05.       Vol. 

XIV,  p.    194.    May,    '17. 

VI — A.  C.  Controllcr.s — H.  D.  James. 
Wound  secondary.  Squiri-el  cai^e.  D-fl. 
1-3,  W-2370.     Vol.  XIV,  p.  230,  June.  '17. 

VII — Voltaae  Control  of  D,  C.  Motors 
— H.  D.  James,  r-2,  D-2,  1-2.  W-2300. 
A'ol.  XIV,   p.   27S,  July,   '17. 

VIII — Resistors — H.  D.  James  and 
H.  C.  Nasel.  T-1,  C-2,  1-4.  \V-22no. 
Vol.   XIV.    p.    310.   Aus..   '17. 

IX — Starting"  Characteristics  with 
Different  Methods  of  Control — H.  D. 
James.  D.  C.  shunt.  Squirrel  cai;*e. 
T-1.  C-12.  D-1,  W-2S60.  Vol.  XIV.  p. 
349.    Sept..    '17. 

X — Series-Pai'allel  Control  and  Elec- 
tro-Pneumatic Contactors— -H.  D.  James 
and  A.  H.  Candee.  C-3.  1-5.  W-2(;i(). 
Vol     XIV.    p.    428.    Oct..    '17. 

-\I — Control  for  Machinery  of  Low 
Initial  Speed — H.  D.  James  and  R.  T. 
Kintzing-.  1-16,  \V-2fi30.  Vol.  XIV,  p. 
471,   Nov.,   '17. 

-\II — Electric  Elevators — H.  D.  James. 
1-7.  W-2000.     Vol.  XIV.  p.  512.  Dec.  '17. 

XIII — Steel  Mill  Floor  Controllers 
for  Auxiliary  Drives — H.  D.  James  and 
E.  S.  Lammers.  Jr.  C-1.  D-5.  1-6.  W- 
2400.      Vol.   XV.    p.    20.    Jan..    '18. 

XIV — Machine  Tool  Controllers  —  H. 
D.  James  and  A.  L.  Harve.v.  Constant 
speed.  Adjustable  and  varying  speed 
motors.  T-1.  D-B.  1-5.  W-2000.  Vol.  XV. 
p.   63.   Feb..   'IS. 

XA' — Machine  Tool  Controllers — H.  D. 
James  and  A.  L.  Harvey.  1-18.  W-1900. 
A'ol.  XV.   p.   87,   Mai-.,   'IS. 

XVI — Ore  and  Coal  Bridges — H.  D. 
James.  D-3.  1-7.  W-2000.  Vol.  XV.  p. 
no.    Apr.,   'IS. 

XVII — Mine  Hoists  —  H.  D.  Jam.-s. 
D-2.  1-14.  \V-3000.  Vol.  XV.  p.  175. 
May.    '18. 

XA'IIl — Hydraulic  Pumps  —  H.  D. 
James.       C-1.     D-4.     1-5.     W-2600.       Vol. 

XV.  p.    226.    June.    '18. 

XIX— The  Production  of  Coke — H.  D. 
James.  D-2.  I-S.  W-1400.  Vol.  XV.  p. 
266.    Jul.v.    'IS. 

XX — Car  Dumpers  —  H.  D.  James. 
D-2,  I-B.  W-1200.  Vol.  X\'.  p.  312. 
Aug..    'IS. 

X'.XI — Cranes — II.  1).  Jame.s.  D-4. 
1-S.  \V-17U0.     Vol.  XV.   p.   368.  Sept..  '18. 


XXII — Locomotives  for  Mines  and 
General  Industrial  Purposes  —  H.  D. 
James  and  H.  H.  Johnston.  D-6.  I-S. 
W-2n00.      Vol.    XV.    p.    421.    Oct..    '18. 

XXIII — Protective  Devices  —  H.  D. 
James.  D-3.  1-2.  W-4500.  Vol.  XV.  p. 
4  69.    Nov..    '18. 

X.XIV — Electrical  Equipment  for  Oil 
Wells — H.  LX  James.  D-3.  I-IO.  W-2500. 
Vol.    XV.    p.    497.    Dec.    '18. 

Prev.-ntive    Coils — KX,    XIII.     31-9. 

.\iitiiin:itie  Slip  Ho^iiliitors — EN.  XIII, 
319. 

FliiNliin^  of  Dyiiaiiiie  Hr:ikr — QU. 
1489. 

Auto.tt:irter — QI!.    1513. 

Si':iling-  Ijenil^  <ni  Aii<ost:irler» — EN, 
XV.    IIU. 

Stnr-Ufltii  StiirtiiiK  of  Small  liiiliio- 
tion     Motors — EN.    XV.    141. 

(  oMi|U-ns:i«or    Oil — QB.     1659. 
S/icciliv  Aiii)1ic<itioiis 

(Arranged    Alphabetically) 

Control  for  Klectrioall.^'  Driven  ltul»- 
Iter  Calendars — T.  E.  Simpei's.  C-1.  L>-3. 
1-4,    W-2II7I1.      Vol.    XI.    p.    686.    Dec,    '14. 

■>laKnt'tir  Controllers  for  Crane  Mo- 
tor.s — AV.  O.  Lum.  D-1,  1-7.  W-160n. 
Vol.    XI.     p.     681,    Dec.    '11. 

The  Selection  of  Control  for  Portable 
Drilling;  Itist.s — W.  R.  Johnston.  D-4. 
1-4,   W-37nO.      Vol.  XI.   p.   720,   Dec.   '14. 

Kleetrie  Kle\jitor  Control  —  H.  I>. 
James.  D-2.  1-3.  W-2oL'0.  Vol.  XI.  p. 
677.    Dec.    '14. 

The  Control  of  lnilu.stri:il  lleutinK' 
Units  —  Wirt  S.  Scott.  D-5.  W-inon. 
Vol.   XIV,   p.    252,    June,   '17. 

Control  for  Mine  Hoists — Graham 
Bright.  The  AVard  Leonard  and  Ilgner 
systems.  C-2,  D-3.  1-3.  W-3330.  Vol. 
XI.   p.    704.   Dec.   '14. 

Skip  Hoist  Control — J.  H.  Albrecht. 
For  blast  furnaces.  C-2.  D-1.  1-4.  W- 
960.      Vol.   XI.    p.    664.    Dec.    '14. 

.\iitoniatio  i'ontrol  for  Laundry  M:i- 
eliines — H.  F.  Boe.  Di'iven  by  alter- 
nating-current reversing  motors.  (.^-1, 
D-1,  1-4,  W-750.  Vol.  XI,  p.  690,  Dec, 
'14. 

Autoniatio  Controllers  for  A^ijust- 
al>le-Spee<l.  D.  C,  Paper  Machine  Mo- 
tor.s — R.  T.  Kintzing.  D-I.  1-2,  W-820. 
Vol.    XIII,    p.    4311,    Sept..    '16. 

TIm'  Control  of  Induction  .Motors  for 
ItolliiiK  Mill  Drive — Wilfred  Sykes  and 
G.  E.  .Stoltz.  By  the  automatic  slip 
regulator.  C-9,  D-1,  1-3,  W-3aS0.  Vol. 
XI,   p.   709,  Dec,    '14. 


Magnetic  l'ontr*il  for  Steel  Mill  Au.v- 
illnry  Motors — A.  G.  Ahrens.  D-1.  1-7. 
W-2740.      Vol.   XI,   p.    673.  Dec.   '14. 

(E)    Brent   Wiley.      W-450.    p.    655. 

Steel  Mill  Motor  Control — W.  O.  Luni. 
Autom.itic  startei  s.  Contactors.  Re- 
lays. D-3.  1-9.  W-2340.  Vol.  XI.  p.  156. 
Mar..   '14. 

RAILAVAV 

Oper.-ition  of  I'K  Control  on  the  Xe»v 
Vork  ltail«ays — Alex.  .Mrlver.  1-5.  W- 
1350.     Vol.   XI.    p.   570,   Oct..    '14. 

(E)   B.  W.  Stemmerich.    W-280.  p.  502. 

Unit  S«iteli  Control  on  the  Xe«'  Vork 
Municipal  Uail«ay — E.  Keller.  D-1.  1-6. 
W-1092.    Vol.    XIII.    p.    462.    Oct..    '16. 

-Modern  PK  t^'ontrol  Kqnipnients — 1\ 
Iv.  Mardis.  D-1.  1-4.  AV-15Sn.  Vol.  XIV. 
p.    436.    Oct..    '17. 

The  Success  of  Pneumatic  Control — 
Lynn  G.  Riley.  I-l.  W-2180.  Vol.  XIV. 
p.    380.   Oct..    '17. 

(E)    Karl    A.    Simmon.     W-270,    p.    375. 

I{eeent  Develoiiment  in  lilj  Control — 
J.  A.  Clarke.  Jr.  D-1.  I-I4.  W-1620. 
Vol.    XII.    p.    452.    Oct..    '15. 

I.ow-Floor  Car  Control — Karl  A.  Sim- 
mon. The  HLD  Controller.  D-3.  1-4. 
W-7K5.      Vol.    XIII.    p.    505.    Oct..    '16. 

>l:untenanee  of  Controller  Finp^ers — 
ROD,    XIV.    p.    2Si9. 

Transition     in     KaiUia^k     Control — EN. 

XII.  425. 

Rheostats 

Design    of    D.    C.    AoeeleratinK    Kesis- 

tors— L.  J.  Hibbard.  C-2,  D-1,  W-236II. 
Vol.   Xlll.    p.    508.    i:)ct..    '16. 

I'lie  DesiKu  and  .Application  of  Rheo- 
stats—H.  C.  Nagel.  1-9.  W-4220.  Vol. 
XI.    p.    714.    Dec.    '14. 

Grid  Resistor  Standanli/.ation — H.  H. 
Johnston.      T-2.    C-1,    L>-9,    W-2040.     Vol. 

XIII.  p.    482.    Oct..    '16. 
I..iKlit-AVeis:lit  tirid   Re-sistors — Joseph 

D.  Birrell.  C-1.  I-l.  W-830.  A'ol.  XIII. 
p.    506.    Oct..    '16. 

The  Mounting-  and  Maintenan4-e  of 
Car   Resistors — ROD.    XIII,    592. 

Iron    «  ire     Rheostat — Qi;.     1200. 

Liquid  Rheostats — W.  E.  Thau.  For 
controlling  wound  secondary  induction 
motors.  C-1.  D-1.  1-3,  W-I610.  Vol.  XI. 
p.    684.   Dec.   '14. 

(E)  Giraid  B.  Rosenblatt.  W-3S0.  p. 
655. 

Water    Rheostat — QB.     1330. 


UTILIZATION 


GENERAL 

iVew     Uses     for     Kleetrieit.\  — Guy     E. 

Tripp.  I.,ight  and  power.  Transporta- 
tion. Marine  seivice.  Electi-o-chemi- 
cal.  Hydroelectric.  W-1260.  Vol.  XIV. 
p.    211,   June,    '17. 

Electricity  in  the  Home — Getirge  \\'il- 
liams.  W-3flO.  Vol.  XII,  p.  229.  June. 
'15. 

ELECTROCHEMISTRY 

The  Electric  Furnace  a.s  a  Central 
Station  Load  —  Thomas  Robson  Hay. 
C-3,  1-3.  W-5490.  Vol.  XIV.  p.  132. 
Apr..    '17. 

(E)    A.    H.    Mclntire.     W-4S0.    p.    129. 

The  Ref;:ulntion  of  Electric  Furnaces 
— Brent  AVile^'.  The  Thurv  regulator. 
D-1,  1-3,  W-1160.  Vol.  XIV,  p.  138, 
Apr.,    '17. 

Electric  Furnaces  Commercially  Clas- 
sified— W.  E.  Moore.  Arc,  resistance, 
induction  furnaces.  W-2840.  Vol.  XIV, 
p.    144,    Apr.,    '17. 

The  Electric  Furnace  in  the  Steel 
Casting  Inilustry — W.  E.  ^loore.  Cru- 
cible. Open  heai'th.  Side  blow-  con- 
verter. Electric  furnace  smeltin.g. 
W-1900.     Vol.  XV,  p.   331,   Sept.,   '18. 

The  Field  of  the  Electric  Furnjiee — 
C.  B.  Gibson.  Resistance,  induction, 
arc  furnaces.  Fixation  of  atmospheric 
nitrogen.  I-IO,  W-3740.  Vol.  XIV,  p. 
154.    Apr..    '17. 

Electric  Furnace  in  -Manufacture  of 
Steel  Castings — T.  S.  Quinn.  I-l,  W- 
1440.      Vol.    XIV,    p.    140,    Apr.,    '17. 

Electric  Furnace  Steel — W.  H.  Cogs- 
well. Analysis  of  power  costs..  I-l, 
W-IBIO.      Vol.   XIV.    p.    142,   Apr.,   '17. 

Furnace    Patents — (JB,    1448. 

Electric  Furnace  in  ti'onnectiou  «vith 
a   Blast   Furnace — QB,   149S. 

Polarity    Indicator — QB,    1604.  ' 

-Manufacture    of    Hydrogen — QB,  1644. 


LIGHTING 

The  Xe«-  Code  of  LightiaK'  for  Fac- 
tories    and     Other    "Work     Places — C.     E. 

Clewell.      T-1,    C-1,    1-2,    W-4350.       Vol. 

XIII.  p.    182.    Apr..    '16. 

(E)    Chas.    R.    Riker.      W-450.    p.    153. 

Lighting  Economy  in  "War  Time — 
Preston  S.  Millar.  T-1.  I-l.  W-3000. 
Vol.    XV.    p.    213,    June,    '18. 

Civic  Advertising  —  Chas.  R.  Riker. 
(E)    W-370.     Vol.    XIV,    p.    295.    Aug.,    '17. 

Arguments  Against  Light — Reprinted 
from  1816.  W-250.  Vol.  XI,  p.  96,  Feb., 
'14. 

Illumination 

Protection  of  Industrial  I'laiits  by 
Flood  Lighting — K.  W.  Mackall.  C-2, 
D-1.  1-17.  W-3640.  Vol.  XIV,  p.  299, 
Aug..    '17. 

(E)    Chas.    R.    Riker.      W-520,    p.    295. 

Flood  Lighting  for  I'roteetion — J.  L. 
Stair.  1-12,  W-1810.  \o\.  XIV,  p.  296, 
Aug.,    '17. 

Protective  Flood  Ligliting  —  Samuel 
G.  Hibben.  1-2.  W-162U.  Vol.  XIV.  p. 
305.    Aug..    '17. 

Protective  Lighting  for  3Ianufactur- 
ing  Plants  —  W.  A.  JlcKay.  W-1600. 
Vol.   XV.    p.   224.   June.   '18. 

Flood      Lighting      "Old      Glory"  —  EN. 

XIV.  326. 

Flood    Lighting — QB.    1366. 

Standarilization  in  Industrial  Illum- 
ination— A.  J.  Airston.  T-3.  1-4.  W- 
3370.     Vol.  XI,   p.  347,  June,   '14. 

Tendencies  in  Street  Car  Illumina- 
tion—N.  H.  Callard.  T-2,.  C-1,  1-5,  W- 
2000.      Vol.   XII,    p.    449,   Oct..   '15. 

(E)    W.  H.   Rolinson.     W-500,  p.   433. 
IXDOOBS 

AVatts  vs.  AVallpaper — S.  G.  Hibben. 
The  effect  of  interior  colors  and  fin- 
ishes upon  room  lighting.  T-8,  D-I, 
W-2015.     Vol  XIII.   p.  329.  July.  '16. 

(K)    A.    H.    Mclntire.     W-ISO,   p.   323. 


Ivinks  and  Stunts  in  Office  Hiiilding 
Lighting — Samuel  G.  Hibben.  C-1.  1-4. 
W-IBIIO.       Vol.    XIV.    p.    212,    June.    '17. 

Potential  Drop  in  I-<ighting  Circuits — 
QB,    15611. 

Flu-v    of    Light    Formula — QB,    1633. 

STREE'I 

Electric  Street  Lighting  in  New  Vork 
City — W.  T.  Dempsey.  With  particular 
reference  to  the  Borough  of  Manhat- 
tan. T-1,  I-ll,  W-2342.  Vol.  XIV,  p. 
3,    Jan..    '17. 

(E)    Chas.    R.   Riker.      W-33.    p.   2. 

Some  Xe«-  Developments  in  Orna- 
mental Street-Lighting  Fixtures  —  Gil- 
bert T.  Dunklin.  T-1.  C-2.  D-1.  1-15. 
W-2570.      Vol.   XIV,    p.    223,   June,    '17. 

(E)    C.   E.    Stephens.      W-230,    p.    207. 

L'nits 

street   and    Industrial    I.,lghting    Units 

— G.  W.  Roosa.  T-2,  C-3,  D-2,  I-Il,  W- 
3180.      Vol.   IX,    p.    325,   June,   '14. 

IXCAXDi:SCEXI'    LAMPS 

Large    Incandescent    liighting   Units — 

A.  R.  Dennington.  The  nitrogen  filled 
tungsten.  1-4,  W-2330.  Vol.  XI,  p.  306. 
June.    '14. 

The  Eiricieney  of  the  Incandescent 
Lamp— W.  H.  Rolinson.  T-3.  C-4.  1-2. 
W-2850.     Vol.    XI.    p.    341.   June.    '14. 

Results  nith  Xitrogen-Filled  Lamps 
— Ray  Palmer.  For  street  lighting  in 
Chicago.  T-1,  W-1090.  Vol.  XII,  p.  225. 
June.   '15. 

Mazda  Lighting  Systems — W.  P.  Hur- 
lev.  Residence  districts.  Business 
streets.  Systems.  C-5.  I-ll,  W-4360. 
Vol.  XII.   p.    234.   June.   '15. 

Incandescent  Lamp  Developments — 
E.  J.  Dailev.  Jr.  T-1.  1-3,  W-1860.  Vol. 
XII,    p.    251,    June,    '15. 

.Mazda  C  Lamps  in  the  Making — A.  R. 
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])ennini;ti>n.      I-i;.   W-305n.      Vi,].    XII,    \k 
278.    Jiini-.    'ir.. 

Th€-    Miizfia    <•    l.aiiiii — W.    A.    McKay. 

Its   developnu-nt   and    use.      l-ti.    W'-litSfj. 

A'oi.  xiii.  p.  2'.i::.  .lun.-.  'ii;. 

ChoU'C    of    Current     l"€>r    ^Iit7.4la    Scrir** 


-1, 


w-snn. 


I'icdir*' 

1>-1,    I-?.. 

•l.s. 


Ij1iiii|ik — VV.       r.       Hurl«'.\'.        < 
Vi>l.   XV.   p.    22:!.   .Inn.-,   'is. 

^IiiKiln  |jaiii|iN  for  >loli 
J'rofretion — A.  K.  I>(-nnin'-4 1' 
W-lfiOn.      Vol.    XV,    p.    201,    .luMi- 

ProKreMs  Notos  i>ii  ln<':unl*'S4'i'iit  IOI<'i*- 
triv  l.aiiiiiN  aiitl  l.iKlitiii;; — W.  A.  Mc- 
Kay and  A.  K.  Kolz,  D-l.  \V-2770.  Vol. 
XIV.   p.    22(1,   ,liin.-,     IT. 

Artilli'ial    Davliullt    I  nit.H — Qli,    13!IS. 

>la/.<l!!    Illiu-    rriiit    lliK'liiiu Ql!.    1  Ml.T. 

ln<-aiitlfKt'(-nt  l.aiiip.s  for  .>lo\in^  Viv- 
(iirc  .Marhini-K — \V.  'I",  nirdsall.  T-1. 
n-2.  W-KtSO.  Vol.  XIII,  p.  Sill,  .liinc-, 
•1«. 

'I'Mi'atj  -in  «•-<■><•!»•    I.  iK  lit  in;;- — y  i:,1077. 

MfK.    of    <  arlxMi     I'ilaiiK'nt — QlI.    I(l7!l. 

2::0-\ol(      \».      IIO-\ol<      l.amiis  —  Ql!. 

1 1711,  12.".:. 

Wa^liinu    Ufllrctors — QB,    1431. 
.Vrtilii'ial    l-'roxtinj; — QB.    LSI!!. 

Allf  LAMPS 

Tin*     lllxtorv     t>f     till'     Art*     Lillllll —  K. 

Oiinrad  and  W.  A.  Darrah.  C-l.  D-12, 
T-4il,  W-liilMlll.  yo\.  XII.  p.  .■'1I7,  Nov.. 
•15:  p.  560,  Dt-c,  •1.';:  Vol.  XIII,  p.  103. 
Feb.,   'IB:    p.    110.   Mar.,   'IB. 

I).    C.    I.anip    on    A.    C. — QB.    IKU. 

KcmllatinK    Arr    Lamp — QB.    1017. 

1l<-lalli<'    I'lanu-    An QB.    1220. 


POWER 

General 


l.oail    lliiiltlili;; 

I.I(..\<1.     W-llllO.     Vi 


ill  Lar^c  fitirjs — 12.  W. 
j|.  XI.  p.  2il(;,  June.  '14. 

lliiildinK  BiK  Bii.sine»*s — Dou.iilass 
Kurnflt.  W-24S0.  \-,.l.  XI.  p.  2^7. 
>une.    *14. 

Til*'  f'oiitral  Station  a.s  a  l<':i4'tor  in 
liiiiiistrial  n<'^  4'lo|Miii'iit — K.  S.  OlT.  1-1. 
W-niHi.      Vol.   XIII.    p.    211;.    June.    'k;. 

St'i'iiriim  l*o«€'r  ItiLsiitcKs — B.  I'.  I'el"- 
ry.      W-no.      Vol.   XI.    p.    2litl.   June.   '14. 

.^IctlioilM    of    liOjiil     Bnililinf;-  —  Goidn 


Vol.  XI.   p.   300.  June. 

•o*vi'r    LioailK — Ro.s.s    L. 
"\'ol.  XIV,  p.  215,  June. 


Weaver.     \\'-5(i0. 
•14. 

Buililin;;    U|l     1 
Ba.ker.    W-27S0. 
•17. 

(E)    Arthur   A.    Brown.      W-700,    p.  205. 

liOjiil  CiiaractiTiNtieoi  of  Sonir  Lar;fi- 
Central-Station  ('u.*<tonuT.s — Geol'^e  E. 
McKanna.  C-S.  W-SSii.  Vo].  XIV.  p. 
218.   June.   '17. 

Mert'liandlNing:  Methods  for  the  Sale 
of  Api>lianee.s — T.  I.  Jones.  1-3.  W-340. 
Vol.  XI.  p.  301.  June.  'll. 
(  Eleetrieal  Applianee  ->lereh:iiidi.'<ilii;; — 
Joseph  \'.  Guilfovle.  W-1150.  Vol.  Xil. 
p.    565.    Dec..    '15. 

Promoting  Ile«iiU*ntial  Serviee — Geo. 
P.  Roux.  Rate  analysis.  T-2,  C-3.  1-1. 
\V'-23i;0.     A'ol.    XIII.    p.    550.    Nov..    '111. 

A  I'erspeeti^e  Siir^cj'  of  Kleetrielty 
in  Industry — ('has.  F.  Scott.  C-4.  11-2. 
I-l.    \V-3r.30.      Vol.    XII.    p.    C.    Jan..    '15. 

\4'\v  Opportunities  for  t'eiitral  Sta- 
tions— A.  E.  Rickards.  A  study  ot 
credits.  T-1,  C-l,  W-1080.  Vol.  XII. 
p.   10.   Jan..   '15. 

The  Modern  Po^ver  Salesinan — (•.  N. 
Johnson.  (E)  W-590.  Vol.  XII,  p.  175. 
May.   '15. 

Factors  (ioverning:  the  Cost  of  Po«er 
— Georse  P.  Roux.  W-3260.  Vol.  XII. 
p.     363.    Auk..    '15. 

The  .Marginal  Flenient  in  Prt«'er  Con- 
trnetinK — E.  I>.  iM.vfus.  (E)  W-690. 
Vol.    XII.    p.    22:!.    June,    '15. 

I*opulari7.in;?  Kleetrle  Serviee — A.  H. 
Mclntire.  (E)  VV-430.  Vol.  XII.  p.  4ii5. 
Nov.,   '15. 

Industrial  Fleetrieit.v — (>.  F.  i^tronian. 
(E)   \V-260.    Vol.  XII.  p.   176.   May.  '15. 

The  Cost  of  a  lvllo«'att-Hoiii — A.  F. 
Strouse.  A  discussion  f>f  fundamentals. 
T-2.  C-3.  W-42(;0.    Vol.  XI.  p.  444.  Au.y..'14. 

Maliiniu:  Power  lnvesti;::ations — B.  H. 
Ulrich.  Instiuments.  The  inve.stiKa- 
tion.  The  r<p,>rt.  T-1.  C-3.  1-4.  W- 
3580.      Vol.    XI.    p.    138.   Mar..    '14. 

Typical  Kleetrle  Po«'er  Plant  t'osts — 
M.  C.  McNeil,  500  to  5000  ku-  plants 
at  various  load  factors.  T-1.  \\'-2IS0. 
Vol.    XI,    p.     135.     .Mai'.,    '14. 

Turning'  the  A\  iM'els  of  Industry' — 
IE)    \\'-!U10.      Vol.   XI.   p.   111.   Mar..   '14. 

The  lirowth  of  the  t'entral  Station 
Industry — S.  A.  Fletcher.  C-l.  \V-1600. 
\  ol.    XI.    p.     127.    Mai'.,    '11. 


.Motor.s  and  Their  Application 

lOleetrie  l>ri*e   in  Doniestie   Kn^ini-er- 

InK  —  Bernard  Bester.  Water  supply. 
Healins.  Biyhtins.  Refrigeration.  Ven- 
tilation. 1-18.  W-29P0.  Vol.  XIV.  p. 
70,    Feb..    '17. 

Ilotor  Driie  in  the  Industrial  l*'ielil  ~ 
c.  W.  Drake.  W-ISOO.  Vol.  XI.  i).  112. 
.Mar..      14. 

Fraetional  Horse-Power  Motors  —  B. 
Bester.  <K)  VV-340.  Vol.  XIl.  p.  175. 
.May.    '15. 

.\pplyiiiu  Small  Motor< — H.  F.  r.r)e. 
.\ppli<'ati..n.  Types.  I-S.  W-2900.  Vol. 
XII.    p.    1S2.    .May.    '15. 


spmi 


APPLKATIONS 


ViitiMil;ltie  t>|>eration  of  Hell  Hoists 
for  Blast  Fnrnaees — E.  S.  Bauiuieis.  J  r.. 
,'in<l  1'.  II.  Hodtikins.  1-3.  W-lMlo.  \',.|. 
XI  v.    p.    :!3i;.    Sept.,    '17. 

Kleetrieally-Operated  Boot  and  Shoe 
Faetorie.s — C.  N.  Johnson.  T-5.  1-3.  W- 
I.S50.      \'ol.    XI.    p.    160.    Mar..    '14. 

I'li-ononiv  in  the  ^laniifaetiire  of  fane 
SuBar — Wirt  S.  Scott.  By  the  use  of 
electricallv-operated  mills.  T-3.  r)-2,  1- 
30.    W-4700.      Vol.    XI!.    p.    12.    Jan..    '15. 

(  K)     II,    F.    Griffith.     W-710,    p.    4. 

>loti>r  Ketiiiireiilents  in  the  I'ortiand 
Cement  Industry — 1'.  N.  Harrison.  De- 
scription of  apparatus.  T.vpical  instal- 
lations. 1-12,  T-'2,  W-ISIO.  Vol.  XI,  p. 
IS.  Jan..'  14. 

Coal-ClittinK     >laehine.s — Ql'..     12!I5. 

>lav.   Demand  of  Coal    >lin< QB.   1504. 

Converter  Aisle  of  the  >\  asho  Kedue- 
tion  M  ork.s — W.  C.  Capon.  At  the  Ana- 
cond;i  Copper  -Minini;*  Company.  1-4, 
\\'-li;20.      Vol.    XIII,    p.    560.    Dec,    '16. 

>lotor-Uri^  en  Conveyors — A^.  C.  Motll- 
t..n.  1-6.  W-1210.  Vol.  XII.  p.  201. 
May.    '15. 

.V  Central  Station  An:ilysi.s  of  Cot- 
ton <;in.s — John  Gelzer.  Jr.  Power  re- 
(luirements.  T-4.  C-l.  D-1.  1-6,  W-1S70. 
Vol.    XI.    p.    428.    AUB..    '14. 

(E)    D.    S.    Bowman.      W-400.    p.    420. 

The  Cotton  Indiistrj'  of  California — 
C.  D.  BaMoree.  I-l,  W-590.  Vol.  XI. 
I>.     436.    AUK..    '14. 

The  Situation  Before  the  Cotton  Tex- 
tile Manufaeturer.s — A.  E.  Rickards. 
power  leiiuirements.  T-S.  C-3.  1-3.  \V- 
2SI0,       Vol.    XI,    p.    404.    July.    '14. 

F.IVeet  of  Trolley  Resistance  on  (  rane 
Operation — QB.    1147. 

11.    C.    Crane    Motor — QB.    1430. 

Kleetrie  Power  in  tJold  DredfiinK — T. 
11.  Priei'.  In  the  Alder  Gulch  region. 
T-1.  1-5.  W-2670.  Vol.  XIII.  p.  562. 
Dec.   '16. 

Placer  Mining;  with  Bucket  DredBes 
— W.  M.  Hoen.  1-3,  W-1930.  Vol.  XI, 
p.   132.   Mar..   '14. 

Direct  Traction  Elevator  Rquipnicnt 
— A.  Brunt  and  H.  L.  Keith.  Motor. 
Controller.     C-l,   D-1,  1-4,  W-2150.    Vol. 

XII,  p.    195,   May.   '15. 

(E)    W.   H.    Patterson.     W-490.    p.    176. 

'Vwo-Specd    A.    C.    Kle\ator    Motors — 

\V.     H.     Patterson.        1-4,      W-790.        'Vol. 

XIII.  p.     296.    June.    '16. 
Meehanically-Operafed    tiyrator    Funs 

— E     E.    Garlits.      C-l,    D-1.    1-6,    W-1390. 
A'ol.   XIII.    p.    314.   June.   '16. 

Ventilation  by  Small  Motor-Driven 
Fans  and  Blowers  —  Bernard  Bester. 
T-1.  l-li.  W-1470.  Vol.  XI.  p.  351,  June, 
•14. 

linpro\iiiB'  Air  Conditions — E.  E.  Gar- 
lits. Hv  exhaust  and  agitator  fans  and 
o/.onizei's.  T-2.  I-ll.  W-2940.  Vol.  XI. 
11.     331.    June.    '14. 

Individual  Motor  Drive  for  Flotation 
Machines— E.  Shores.  1-3,  W-13S0.  Vol. 
XIII,    p.    5  6  6,    Dec,    '16. 

Klcctric  Drive  in  Flour  Mills — T.  E. 
Simpers.  T-1,  1-7,  W-2300.  Vol.  XII, 
P.    50  1.    Xo\..    '15. 

Flour    Mills — QB.    1296. 

Motor  Dri\e  in  the  Preparation  of 
Food — H<.race  B.  Smith.  C-2.  1-7.  W- 
iKdO.      Vol.    XV.    p.    25.    Jan..    'IS. 

The  I'roduetion  Prohlein  in  the  Foun- 
drv  and  Machine  Shop  Industry — A.  E. 
Rickards.  T-ll.  1-6.  -^-2425.  Vol.  XI. 
p.    216.    Apr..    '14. 

Motors    in    tiaraBcs — Berncird     B< 
1-9,    W-1270.      Vol.    XIII.    p.    57.   Jan. 

Flcetrieity    in    *;arnient-.MakinB 
tories — William     H.     Easton.       1-6. 
2000.      Vol.    XV.    p.    74.    Mar..    '18. 

(El    Chas.    R.    Riker.      W-220.    p.    71, 

.Application  of  Motors  to  llardinBc 
Mills — W.  A.  Rankin.  C-l.  I-l,  \V-15oo. 
\'m1.    XI.    p.    396.    July.    '14. 

(E)    A\'.    .\.   Thomas.      W-310.   p.    379. 

Power  Itequirenicnts  of  Electric 
lloistinB  Plants — Wilfred  Sykes.  Hoist- 


i-ster. 
■11;. 
'ae- 
W- 


in«'  speeds.  Accelation  and  retarda- 
tion with  cylindrical  and  conical 
drums.  C-4.  I-l.  W-3660.  Vol.  XI.  p. 
144.    Mar..    '14. 

Balanced  HoistinB  Systems — Wilfied 
s>kes.  The  use  of  flywheels  with  the 
lUner  and  the  converter  hoisting  sys- 
tems. T-1.  C-2.  D-3.  W-2435.  Vol.  XI, 
p.    274.    May.    '14. 

The    (Jranitc     >Iountain     Hoist — G.     B. 

Rosenblatt     and     Wilfred    Sykes.      (,'-5, 

1-4,    W-3570.      Vol.  XIII,   p.   229,   May,  •IB. 

Electric   Mine  Hoist.s — Graham  ISright. 

1-7,   W-2620.     Vol.  XIII.  p.  578.   Dec. '16. 

Special    Hoist — QB.    1164. 

The  Electrical  Equipment  of  the  Wil- 
liaui  Penn  Hotel — J.  Irvin  Alexander. 
1-12.  W-4310.  Vol.  XIII,  p.  304.  June, 
■16. 

(E)    Chas.    R.    Rikei.     W-550.    p.    240. 

Electrical  Installation  of  the  Cleve- 
land Clill's  Iron  Company — F.  C.  Stan- 
ford. Reyuirements  of  motor  service. 
T-1.  C-7.  D-1.  1-2,  W-4320.  Vol.  XI,  p. 
3X1.   July.    '14. 

(E)    \V.   A.   Thomas.      W-310.   p.   379. 

Electric  Drive  in  the  Laundry — H.  F. 
Boe.  Baundry  machines.  Motor  re- 
quirements. C-2,  1-4,  W-3470.  Vol.  XI, 
p.    163,    Mar.,    '14. 

Purchased  Power  and  the  Leather 
Industry — A.  E.  Rickards.  Analysis  of 
the  industry  and  its  power  reiiuire- 
mi-nts.  C-4,'  1-5.  T-6.  W-2810.  Vol.  XI. 
p.    41.    Jan..    '14. 

Electrically-Operated  Lime  Plants — 
.1.  E.  Forgv.  1-8.  W-1090.  Vol.  XII,  p. 
186,    May,    '15. 

A    .Modern    Motor-Driven    Lime    Plant 

—  \  E  Truesdell  and  C.  T.  Maynard. 
1-5,    W-1400.      Vol.   XV.    p.    293.    AUK..    '18. 

Purchased  Power  and  Bituminous 
Coal  Mining— A.  E.  Rickards.  Power 
leciuirements.  Types  of  motors.  I-IO, 
W-3300.      A'ol.    XI.    p.    81.    Feb..    '14. 

Electricity  in  Metal  Production  — 
Girard  B.  Rosenblatt.  (E)  W-6S0.  Vol. 
XIII.  p.  568.  Dec.  '16. 

Eleetrlcitv    Applied    to    Metal    MiniuB 

—  \V.  N.  Clark.  In  the  Cripple  Creek 
■A»\d  mining  district.  1-5.  W-1820.  Vol. 
XIII.    p.    568,    Dec,    '16. 

Motion  Picture  Machines  —  A.  M. 
Candy.  1-3,  W-3550.  Vol.  Xlll.  p.  289, 
June,    '16. 

Electric  Drilling  in  the  Oil  Fields — ■ 
W.  R.  Johnston.  DrillinK  opei-ations. 
Power  requirements.  T-1,  C-l,  1-11. 
\V-40SO.      Vol.    XI.    p.    172,    Mar..    '14. 

I'liritication    l>>'    Ozone — QB.    1065. 

Static    in    Paper    Machines — QB.    1282. 

l{e\ersinB  Motor  Planer  FJquipinent 
— W  B.  Nicklas.  Details.  Economy  of. 
T-1.  C-2,  I-S,  -W-lSOO.  Vol.  XI,  p.  129. 
ilar.,    '14. 

Electrical  Precipitation — R.  A\  .  Kerns. 
At  the  International  Smeltine  Com- 
pany's Plant,  Miami.  Ariz.  D-1.  1-3, 
W-1854.      Vol.    XIII.    p.    576.    Dec.    '16. 

Electrical  Precipitation  in  the  Chem- 
ical Industries — A.  F.  Meston.  1-8.  W- 
3260.      Vol.    XIV.    p.    248.    June.    '17. 

Electric  Drive  for  Small  I'rinting 
Plants — F.  S.  Dellenbaugh.  Jr.  1-5.  W- 
2050.      Vol.    XII.    p.    192.    May.    '15. 

Motors  in  the  Pulp  and  Paper  In- 
dustry—E.  C.  Morse.  T-1.  1-8.  \V-2200, 
\'ol.    XI.    p.    149,    Mar.,    '14. 

Fan  Motors  in  Paper  Factory — QB, 
1216. 

Irrigation    by    PumpiuB    in    California 

—  R.  A.  Balzari.  Improving  arable 
land:  Developing  arid  land:  Reclaiming 
alkali  deserts.  1-8.  W-4785.  \'oI.  XI. 
p.    114,    Mar..    '14. 

Pole    Punip.s — QB.    1144. 

Svn.    :>lotor    for    Pumps — QB.    1091. 

Electric  Drive  in  Itailroad  Kcpulr 
Shops— J.  H.  Bryan.  1-7.  W-2040.  Vol. 
XII.    p.    198.    May.    '15. 

Electricity  Applied  to  Mechanical  Rc- 
frlBcration — H.  D.  McKinney.  T-1,  I- 
10     W-2830.     A'ol.  XIV,,  p.   458.  Nov.. '17. 

(E)    Chas.    R.    Riker.      W-100.   p.    447. 

Fabrication  of  Rubber  tioods — E.  C. 
Baugher.  Processes.  Power  require- 
ments. I-IO,  W-2740.  Vol.  XI.  p.  168. 
Mar.,    'll. 

Electric  Drive  for  Sewing  Machines 
—.1.  R.  Cook.  1-6.  W-2080.  Vol.  XIV. 
p.    108.    JIar..     17. 

Electric  I'ropelliiiB  ■»la»'liiiier.»  for 
the  v.  S.  Battleship  "'rennessec" — 
Wilfred  Svkes,  C-l.  1-3.  W-2300.  Vol. 
X\'.   p.    309.  Aug..   'IS. 

Motor  Driven  Shovels — \\  .  H.  Patter- 
son. 1-5.  W-810.  Vol.  XI.  p.  142.  Mar.. 
■14. 

The  Silk  Industry  in  Xortheastern 
Pennsylvania — G.  F.  Smith  and  E.  L. 
Kvl<'.  T-5.  C-l.  I-ll.  W-2470.  Vol.  XII, 
p.'  402,   Sept.,   '15. 
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Electricity     in     Slate     Mining  —  R.     C 

Berlin.  1-5,  W-413n.  Vol.  XII,  p.  177, 
May,    '15. 

fcntnil  Stntion  Ser-*ice  tor  Steel 
Mills— T.  S.  Henderson.  T-1,  1-2,  \V- 
1480.      Vol.   Xll,    p.    2S4,   Jline,    '15. 

Steel  Jlill  Klectrifieation — Blent  Wi- 
ley.       (E)     W-Blll.       Veil.     XIII,      p.     515, 

Nov.,  'It:. 

The  Liberty  Mill  of  tlie  t'arnegie 
Steel  Company — Chas.  A.  Menk  and  F. 
L.  Hunt.  C-1,  1-17,  \V-330I1.  Vol.  XV, 
p.    483,    Dec.    '18. 

(E)    A.    H.    Mclntire.      W-Sim,    p.    4S1. 

Electricity  in  the  Steel  Inilnstry — C. 
D.  Ke.ster  and  W.  R.  Runner.  C-2,  l-H, 
W-1743.      Vol.    XIV,    p.    334,    Sept.,    '17. 

Sliced  Adjustment  of  ,\lternatinK- 
turrent  Mill  Motors — O.  10.  StoUz.  I'.y 
rotary  converter  and  motor-f;enerator 
auxiliaries.  C-5,  D-2,  1-4,  W-6145.  Vol. 
XI,   p.   277,   May,   '14. 

(E)    W.   Sykes.      W-525,   p.   240. 

Tnnilem  Operation  of  folil-Roll  MilLs 
— E.   S.   Lanimers.  Jr.      1-2,    \V-880.     Vol. 

XIII,  p.    391,   Au.n.,    'It!. 

KeversinK  Holl  .>Iotors  in  Steel  .>lill.s 
— W.  R.  Runner.  With  power  from  mo- 
tor g-eneratoi'  rtv-wheel  set.  0-3.  D-2. 
1-7,   W-2900.      Vol.   XllI,   p.   :'21.  Nov., '16. 

Installation  anil  (are  of  I, arise  Elec- 
trical Appsiratus  for  Steel  .Mills — O. 
Needham.  1-2,  W-3600.  Vol.  XV,  p. 
333,    Sept.,    '18. 

Electric  Power  for  Textile  Mills — 
John  S.  Henderson,  Jr.  Comparison  of 
methods  of  power  Benerattion.  T-1, 
('-3.  1-3,  W-3180.  Vol.  XI.  p.  432.  AuR., 
■14. 

<E)    D.   S.   Bowman.      W-400,   p.   420. 

Motor-Operated    Valves — QR.    1425. 

Eleetrieallv-Operated  Washing  Ma- 
chines—V.  Jl.  lie.-ler.  T-1,  C-l.  l-lt;, 
W-3993.      Vol.    xn',    p.    233,    June,    '17. 

IE)    Oha.s.    R.    RiUer.      W-SOO,    p.    207. 

Domestic  Water  Supply  System — H. 
F.    Boe.       T-3,    C-3.    1-20,    W-4n23.       Vol. 

XIV,  p.    158,    Apr.,    '17. 

(E)    Bernard   Lestei-.      W-390,    p.    129. 

Electricity  in  Wood-workinB — C.  N. 
Johnston.  1-14.  W-233n.  Vol.  XIII,  p. 
284,    June,    '16. 

Vehicles 

The   Future   of   the   Motor  Bus — T.    H. 

Schoepf.  (E)  W-140.  Vol.  XII,  p.  432, 
Oct.,    'IS. 

The    Electric    Aehiel« J.     M.     Curtin. 

(E)    W-innO.      A'.il.    Xlll,    p.    3,   Jan.,    'Ifi. 

Electric  I'assenger  Cars — Gail  Reed. 
Types  of  con.struction.  Maintenance 
data.  T-3.  W-4200.  Vol.  XIII,  p.  12, 
Jan.,  '16. 

The  Trackless  Train — G.  W.  Bulley. 
Motor  tractors  for  industrial  service. 
D-2,  1-3,  W-3540.     Vol.  XIII,  p.  21,  Jan., 

•m. 

Proniotini;  the  Sale  of  Electric  De- 
livery Wagons — \V-1140.  Vol.  XIII,  p. 
64,   Jan..     IB. 

Gax  EiKiiiica 

fEh'ctriciil  AniiUciilioiiK  to) 

The  Autoniohile  Industry — G.  Brewer 
Griffin.  IE)  W-1000.  Vol.  Xlll.  p,  2. 
Jan..    '16. 

Electrical  Equipment  for  .Automo- 
biles— C.     E.     Wil.son.       Startini;     motors 


and  lightinK  and  ignition  generators. 
C-5.  D-2.  1-9,  W-1810.  Vol.  XII.  p.  326. 
July.   '15. 

Li^rlltinK  and  Starting  Systems  —  D. 
G.  Roos.  Friun  the  car  manufacturer's 
standpoint.  The  selection  of  voltage, 
battery,  motor  and  generator.  Wiring. 
T-2,  C-10,  W-412n.  A'ol.  XIII,  p.  4,  Jan., 
'16. 

One-Unit  Starting  and  Ugliting 
.Automobile  Equipments — H.  F.  Fatten. 
C-l.    \V-LM9U.      Vol.    Xlll,    p.    41,    Jan..    '16. 

ICcgulation  of  Automobile  I>igliting 
(;enerators — C.  E.  A^'ilson.  Bucking 
series.  Third  brush.  Mechanical  regu- 
lator. C-5.  D-7.  W-2340.  Vol.  XIII.  p. 
45.    Jan..    '16. 

>lechanic:il  .Applications  of  Gencrji- 
and  >lolors — W.  .\.  Dick.  Methods  of 
stipp'irt.  I-lii,  \V-1S60.  Vol.  XIII,  p. 
49,    Jan.,    '16. 

Control  Swit**hcs — B.  D.  Kunkle.  For 
electrical  equipment  of  gas-driven 
automobiles.  D-2,  W-1790.  Vol.  XIII, 
p.    52,   Jan.,   '16. 

F^lectric  Starting  and  liighting  Ford 
Car.s — W.  O.  Bum.  C-l,  D-3,  I-IO,  W- 
1630.     Vol.   XIII.   p.    54.   Jan..    '16. 

Methods  of  Ignition — J.  B. 
p:asoline  automobiles,  D-6. 
2720.      Vol.    Xlll.    p.    61.   Jan., 

Some    Operating    Features 
mol>il<>    Ignition — H.    V.    S. 
1-2,   W-1S30.      Vol.  XIV,   p. 


Dyer.  For 
1-13,  W- 
•16. 

of  Auto- 
Taylor.  C-4, 
184,   Mav,  '17. 


storing  and    Releasing  Energy — R.   P. 

Jackson.  ^lechanical  analagies  to  bat- 
tery ignition.  C-l,  D-1,  W-1330.  Vol. 
Xlll,   p.    44,  Jan.,   '16. 

Increasing  Spark — EN,  XIII,  65,  QB, 
1384. 

Testing    Magneto — QB,    1401. 

Healing   Apparatus 

Industrial  Heating — Wirt  S.  Scott. 
(E)    W-1400.     Vol.  XV,  p.   187,  June,  '18. 

Eleetricitv  for  Enameling  or  .lapan- 
ning— Wirt  S.  Scott.  T-1,  l-.i.  \V-ll!io. 
Vol.    XIII.    p.    312.    June.    '16. 

The  Application  of  F^Iectricity  to 
Enameling  and  .Japanning  —  Wirt  .^. 
Scott.  D-1.  1-4.  W-2695.  Vol.  XIV.  p. 
170,    ilay,    '17. 

Low-Temperature  Electrothermal  Pro- 
cesses— C.  F.  Hirshfeld.  With  especial 
reference  to  japanning.  A  study  of  re- 
sults bv  photomicrographs.  1-5.  W- 
3720.     Vol.   XIV.   p.   239.   June.   '17. 

The  Control  of  Inilustrlal  Heating 
Units — Wirt  S.  Scott.  D-5.  W-in90. 
Vol.    XIV,    p.    252.    June.    '17. 

Heat  Calculations  for  Baking  and 
Drying  Ovens — W.  S.  .Scott.  1-2,  W- 
1870.       Vol.    XIV,    p.    456,    Nov.,    '17. 

Immersion  Heaters  for  Liquids  or 
Semi-Liquids  —  E.  F.  Carpenter.  T-1. 
P-1,  1-8.  W-1735.  Vol.  XI.  p.  358,  June, 
'14. 

The  Energy  Required  for  Heating 
Buildings — \V.  O.  Peale.  T-3,  1-2,  W- 
1235.      Vol.    XI,    p.    345,    June,    '14. 

The  Electrically  lleate<l  Linotype  Pot 
— H.  il.  Wicker.  D-1.  1-4.  W-1200.  Vol. 
XI.    p.    336.    June.   '14. 

Electric  Ranges — H.  C.  Hopkins.  T-1, 
1-5,    \V-930.     Vol.  XIII,  p.   316,  June,  '16. 

Our  New  Department — Chas.  R.  Ri- 
ker.  (E)  W-200.  Vol.  XV,  p.  189,  June, 
'18. 


The  Manufacture  of  Mica  Cells — EH, 
XV,    2  41. 

Electrically  Heated  Hot  Moulding 
Presses — EH.    XV.    323. 

Small  Drying  and  Baking  Ovens  — 
EH.    XV,     428. 

.An  Electrically  Heated  Rubber  A'ul- 
eanizing    Press — EH,    X\'.    513. 

Temperature    of    Heater — QB.    1036. 

Current    to    Anneal    Copper — QB,  1070. 

Rewinding — QB,    1156. 

For   Air    Cylinder — QB,    1409. 

Pipe    Thawing — QB,    1411. 

Efflcicney   of    Ileateis — QB,    1432. 

AVELDIXG 

.Applications  of   IOIectri<*  .Arc   Wcliling 

— E.  S.  Zuck.  1-7,  W-2460.  Vol.  XI,  p. 
37,    Jan.,    '14. 

Arc  AVeiding  of  Mild  Steel  —  O.  H. 
Bschholz.  T-1,  C-2,  1-11,  W-2400.  Vol. 
XV,   p.   247,  July,  'IS. 

IE)    R.    P.    Jackson.      W-600,    p.    245. 

Selection  and  .Application  of  Electric 
Are  AAelding  .Apparatus — A.  :\1.  Candy. 
Equipment.  Welding  principles.  Heat 
treatment.  C-9,  1-16.  W-5900,  Vol.  XV. 
p.    337.    Sept..    '18. 

Are    Welding — QB.     1104. 

Arc    AVelding    Brass — QB.    1348. 

Equipment  for  Electric  .Arc  Welding 
— E.  S.  Zuck.  T-1.  D-1.  1-5.  \V-3550. 
Vol.    XI.    p.    565,    Oct..    '14. 

Electropercussi^  e  A\  elding  —  C.  E. 
Skinner  and  L.  W.  Chubb.  A  special 
process  for  aluminum  and  for  dissim- 
ilar metals.     C-l.  D-2.  1-9,  W-2990.    Vol. 

XI.  p.    640.    Nov..    '14. 
Eleetropcrcussive  A\  elding — QB,   1175. 
Spot    AAelding — QB,     1204. 

Are    for   Cutting    .Metal — QB,    1277. 
Service   to — QB,    1446. 

Magnets 

Shading  Coils  for  Single-Phase  Mag- 
nets— R.   T.   Kintzing.      D-2,  W-610.  Vol. 

XII,  p.    407,    Sept.,    '15. 
Design    of — QB,    1021. 
Impregnation — QB.     1100. 
Capacitance     to     Absorb     Spark  —  QB. 

1124. 

Shunting    Contact    Points — QB.    1222. 

Magnet   Operation — QB,    1329. 

.A.    C.    Solenoids— QB,    1351. 

:tlagnet    Brake — QB,    1355. 

Iron    and    Steel    AAires — QB,    1481. 

INTELLIGENCE  TRANSMISSION 

Recent  Improvements  in  Radio  Com- 
munication— A.  F.  Van  Dyck.  D-9.  W- 
444(1.      Vol.    XIII.    p.    355.    July,    '16. 

The  Grant  Telephone  E-vchangc, 
Pittsburgh-^F.  K.  Singer.  T-1,  C-2, 
D-1,  I-IO,  W-8350.  Vol.  XIII.  p.  516. 
Nov..    '16. 

IE)    Chas.    R.    Riker.      W-290,    p.    515. 

Neutralizing  rransformers  and  Their 
Use  in  Telephone  Circuits  —  Thomas 
Shaw.  For  reducing  voltages  induced 
bv  adjacent  power  circuits.  D-3,  1-4, 
W-5630.      Vol.    XI,    p.    622,   Nov.,    '14. 

IE)    Chas.    F.    Scott.       W-1350,    p.    610. 

The  Protection  of  Telephone  Circuits 
— W.  A.  Darrah.  D-5,  1-8.  W-3150.  Vol. 
XI.   p.    631.   Nov..   '14. 

IE)    F.   B.   Jewett.     W-620.   p.   611. 

Submarine    Cables — QB,    1406. 


RAILWAY    ENGINEERING 

(SEE  ALSO  CONTROLLERS,  P.  11:  AND  SERIES  MOTORS  PP.  6  AND  S» 


GENERAL 


'^lectritication  — 

W-550.      Vol.    XIII, 


Developments 

H.   Shepard.      (E) 
111.    Jlar..    '16. 

The  Prospect  of  Raiilroad  Electrili- 
eation— F.  H.  Shepard.  (E)  W-12yO. 
Vol.   XIII.    p.    438.    Oct..    '16. 

The  Further  Prospect  of  Railroad 
Electrification — F.  H.  Shepard.  I-l.  W- 
1250.      Vol.   XIV.    p.    379.    Oct..    '17. 

(E)    E.   M.   Herr.      W-380.   p.    371. 

Electriflcation  of  Railroads  as  a  A\  ar 
Alcasure — F.  E.  Wvnne.  1-4.  W-1700. 
Vol.    XV,    p.    7,    Jan.,    '18. 

IE)    W.    R.    Stinemetz.      W-300.    p.    2. 

Face  to  Face  witli  Some  Hjird  Fjiets 
— Calvert  Townley.  Railway  finance 
and  rate  questions.  W^-1940.  Vol.  XIV. 
p.   376.   Oct..   '17. 

(E)    T  .P.  Gaylord.     W-330.  p.   371. 

Does  Electric  Traction  Advertising 
Pay? — W.  H.  Bovce.  W-2100.  A'ol.  X^■. 
p.   263,   Julv,   '18. 

IE)  T.  H.  Bailey  Whipple.  W-37U, 
p.    246. 


The  Skip-Stop  System — Clarence  Ren- 
shaw.  IE)  W-500.  Vol.  XV,  p.  285, 
Aug.,    '18. 

The  Street  Railways  in  A\"ar  Times — 
John  J.  Stanley.  IE)  W-300.  Vol.  XV, 
p.    373,   Oct.,    'IS. 

Facts  vs.  Theories  about  Transpor- 
tation— Calvert  Townley.  (E)  W-700. 
Vol.   XV,    p.    373,   Oct.,   '18. 

.Mutual  Respect  and  Co-operation 
Essential — Theodore  P.  Shonts.  (E) 
W-600-       Vol.    XV,    p.    374,    Oct.,    '18. 

Joint  Interest  of  Manufacturer  anil 
Operating  Companies  in  the  Electric 
Railway  Industry — H.  D.  Shute.  tE) 
\V-60n.      Vol.    XV.    p.    374,    Oct.,    '18. 

Prompt  Relief  \eedcil  by  the  Elec- 
tric Railway.s — M.  C.  Brush.  IE)  W- 
1000.      Vol.    XV.    p.    375,    Oct.,    '18. 

Service  and  Co-ordination  —  F.  H. 
Shepard.  IE)  W-600.  Vol.  XV,  p.  376, 
Oct.,    '18. 

.Adopt  a  Model  Franchise — Richai  d  I. 
Sullivan.  IE)  W-500.  Vol.  XV,  p.  377, 
Oct..    'IS. 


Seeking    for   the    Best    Railway   .Alotor 

— B.  G.  Lamme.  IE)  W-2200.  Vol.  XV. 
p.    377,    Oct.,    'IS. 

The  Electric  Street  Railway  Crisis — 
H.  W.  Clapp.  IE)  AV-500.  Vol.  XV,  p. 
379,    Oct.,    'IS. 

AVar  Time  Economics  for  Electric 
Railways  —  Clarence  Renshaw.  Skip- 
stop  sv'stem.  Overlapping  lines.  Train 
operation.  Through  routes.  Coasting. 
1-6.    W-2100.     A'ol.   XV.    p.    381,   Oct.,   '18. 

The  Electric  Railway:  A  Potential 
Factor  in  Relieving  Freight  Congestion 
— .\.  B.  Cole.  1-3.  W-1900.  A'ol.  -XV,  p. 
387.    Oct.,    '18. 

How  to  Increase  the  Revenue  of  Our 
Street  Railways  and  Satisfy  the  Public 
-— X.  W.  Storer.  IE)  W-1500.  Vol.  XV. 
p.    433.   Nov..   'IS. 

The  Renjiissance  of  the  Street  Rail- 
wav— W.  S.  Rugg-.  I-l.  W-1040.  Vol. 
XIV.    p.    378,    Oct.,    '17. 

The  Possibiittles  of  Electric  Motive 
P„,yer — W.  R.  Stinemetz.  IE)  W-570. 
Vol.   XIV,   p.   373,  Oct.,   '17. 
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Fiilr  Trentment  for  KIrotrlr  Rnll- 
wnys — Van  Horn  Ely.  (E)  W-630.  Vol. 
XIV,   p.    371,   Oct.,   'IT. 

Electrification  the  Solution  of  fon- 
icented  Italln-ny  Service — G.  M.  Eaton. 
(E)    W-670.      Vol.    XIII,    p.    4^0,    Oct.,    ■10. 

The  RlectrlHeiitlon  of  Triinsiiortatlon 
l.lnex — N.  W.  Stoier.  Tunnels.  Ter- 
minals. Mountain  grad.-s.  Water  pow- 
er.    W-44SO.     Vol.  XllI,  p.  120,  Mar., 'K;. 

Unevalunted  l<'iictor.s  In  fClectrlHeil 
Railroad  Opcriitlon.s — Q.  \v.  Hershev. 
\V-2700.      Vol.   XIII,    p.    l:n.    Mar.,    'Ki. 

Direct  <*urrcnt  for  Terntiniil  and 
Trunk  I>lne  Klectrlflention  —  N.  W. 
Storer.  C-6,  D-5,  AV-6220.  Vol.  XIII. 
p.    214,    Mav,    '16. 

(E)    W-440.    p.    109. 

The  Flrdt  r.OOO-Volt  D.  C.  Rallnay — 
N,  W.  Storer.  Eiiuipmcnt.  Operation. 
D-2,  1-9,  \V-2240.  Vol.  XII,  p.  445.  Oct., 
■15. 

Purchased  Power  for  Electric  Rail- 
ways— Wm.  C.  L.  Eglin.  Economic  ad- 
vantage. Reliability  of  service.  I-l, 
W-1520.     Vol.   XI,   p.    504,   Oct.,   '14. 

The  Solution  of  n  City's  Transit 
Problem  —  A.  Merritt  Taylor.  Tiafflc 
Conditions  in  Philadelphia.  T-24.  r-5, 
1-21,  W-17340.    Vol.  XI,   p.   514,  Oct.,  -14. 

(E)    John   J.   Gibson.      \V-32(I,    p.    501. 

Recent  Develo|»nieiits  In  Railway  .Mo- 
tor Genrins— \V.  U  Allen.  T-2,  I-in, 
\V-2420.      Vol.   XI,   p.   544,   Oct.,   '14. 

The  .TItney  Situation — C.  S.  Cook.  (E) 
W-950.      A'ol.    XII.    p.    431,    Oct..    '15. 

Railway  Apparatus  at  the  Pnnaniai 
Pacllc  Exposition — M.  C.  Turpin.  I-IO, 
W-2350.     Vol.    XII.    p.    477,   Oct.,    '15. 

AVhat  is  Percent  Grade — EN.  XIV,  124. 

Compenmitcd   Grades — EN,   XIII,    360. 

Elevation    of    Outer    Rail — QB,    1218. 

Tractive    Effort — QB.    1307. 

SYSTEMS 
Direct   Current 

Tlie  l*ittsburKh,  Hamiony.  Butler  A: 
!Vew  Castle  Railway — G.  T.  Twvford. 
1-7.    \V-1620.      Vol.    XI,    p.    594,    Oct.",    '14. 

The  Snn  Francisco  Municipal  Rail- 
ways— Paul    J.    Ost.      1-7,    W-1250.      Vol. 

XII,  p.    440,   Oct.,    '15. 

The  A'isalla  Electric  Railroad — W.  P. 
L'Hommedieu.  I-ti,  W-2240.  Vol,  XI. 
p.    5S7,    Oct.,    '14. 

The  ^\'atcrloo.  Cedar  Falls  &  North- 
ern Railway — W.  G.  Brook.s.  I-l,  W- 
1770.      Vol.   XI,    p.    548,   Oct.,   '14. 

Frcicht  HaulaBC  on  the  Cedar  Vallcr 
Road— A.  B.  Cole.  C-1.  1-14,  \V-3870. 
Vol.    XIV.    p.    420,    Oct.,    '17. 

Electric  Railwaiy  De^elopnient  in 
Utah — W.  I{.  Arm.stronK.  The  lHah 
I-iifht  &  Traction  Company.  The  Ogden, 
I.,OBan  &  Idaho  Railroad  Company,  The 
Salt  I^ake  cSt  Ogden  Railway  Company, 
The  Emigration  Canyon  Railroad  Com- 
pany and  The  Salt  Lake  &  Utah  Rail- 
road Company.  1-7.  W-3490.  Vol.  XII. 
p.    435,   Oct.,   '15. 

.■5000  Volt  Direct-Current  Railway — 
Norman    W.    Storer.       (E)    W-840.      Vol. 

XIII,  p.    441,   Oct.,    '16. 

The  Xew  York  System  of  Rapid 
Transit — Lynn  G.  Riley.  Standardized 
car  equipments.  D-1,  1-5,  W-2500.  Vol. 
XIII,    p.    465.   Oct..    '16. 

Three  Phase 

Tripling  the  Capacity  of  the  Italian 
Giovl  L,lne  by  Electrlfleatlon — L.  Ponte- 
corvo.  T-3.  C-1.  1-20,  W-6840.  Vol.  XI, 
p.  550,  Oct.,  '14. 

Three-Phase  Passcnffcr  l..ocomotlves 
— G.  Pontecorvo.  The  new  etiiiipment 
of  the  Italian  State  Railway.  T-2,  D-3. 
1-6.   W-1620.     Vol.   XII.    p.    51.    Feb..    '15. 

(E)    W.    R.    Sinemetz.      W-350.    p.    49. 

Single  Phase 

The  Operation  of  the  Single-Phase 
Equipment    of    the    N.    V.,    AV.    &    B.    Ry. 

Co. — R.  R.  Potter.  Service  records  for 
1913.  T-7.  1-7.  W-3000.  Vol.  XI.  p.  241. 
May,   '14. 

Chonge-Over  to  20000-Volt  Distribu- 
tion on  the  New  Haven — William  Ar- 
thur. D-12,  I-l,  W-4060.  Vol.  XI.  p. 
253.   May.   '14. 

(E)    Chas.    F.    Scott.      W-620,    p.    239. 

The  ElectrlHcd  Hoosac  Tunnel — L.  C. 
Winship.  Operating  features.  C-1,  1-4 
W-4080.      Vol.   XI.   p.    509.   Oct..   '14. 

The  Pneiflc  Electric  Railway  System 
— G.  B.  Kirker.  1-7.  W-1680.  Vol.  XI, 
p.    505,   Oct.,    '14. 

Some  Railway  OperatluK  Result.s — 
H.  L.  Kirker.     The  Indianapolis  &  Cin- 


cinnati Traction  Co.  Rock  Island 
Southern  Railway.  New  York,  West- 
chester &  Boston  Railways.  The  Chi- 
cago, Lake  Shore  &  South  Bend  Rail- 
way. T-5,  1-6,  W-5000.  Vol.  XI,  p. 
597,    Oct.,    '14. 

OperatInK  Results  on  the  lVe»v  Haven 
— F.  K.  Wynne.  (E)  W-1140.  A'ol.  XII, 
p.    433     Oct..    '15. 

The  Electrification  of  the  Norfolk  <fc 
AVestern  Railway — 1-7,  W-3280.  Vol. 
XII.    p.    309.    July.    '15. 

(E)    G.   M.    Eaton.     W-620,   p.   293. 

Operation  of  the  N  *  W  Eleetrillcn- 
tlon — Q.  W.  Her.shey.  T-2.  1-7.  W-23S0 
A'ol.   XII.    p.    458.   Oct.,    '15. 

The  N  *  \V  Elcctriflcation  —  T.  C. 
Wurts.  \V-2440.  Vol.  XIII.  p.  127. 
Mar..    '16. 

Operating  on  the  Erie  Railroad — R. 
C.  Thurston.  The  overhead  construc- 
ti<)n  of  the  Rochester  division.  1-2, 
W-IOIO.      Vol.   XIII,    p.    144.    Mar..    '16. 

The  Elcctriflcation  <if  tile  Pennsyl^-a- 
nia  llailroail — From  Broad  Street  Ter- 
minal. Philadelphia,  to  Paoli.  D-1.  I-IO. 
W-3C40.      Vol.  XII,   p.   536.  Dec,  '15. 

(E)    A.    H.    Mclntire.      W-850,    p.    433. 

Results  of  Six  Tears  Heavy  Haula^rc 
— Walter  D.  Hall.  Through  the  St. 
Clair  Tunnel  of  the  Grand  Trunk  Rail- 
way. 1-8.  W-3370.  Vol.  XII,  p.  542. 
Dec.   '15. 

The  Philndclphia-Paoli  Elcetrlcation 
— George  Gibbs.  Equipment.  System. 
Constiuction  methods.  1-7,  W-9050. 
Vol.   XIII,   p.    68,    Feb..   '16. 

(E)    Chas.    R.    Riker.      W-420.      p.    G7. 

Operation  of  Philadelphiu-Paoli  Elec- 
trification— W.  H.  Thomp.son  and  L.  E. 
Frost.  D-l.  1-3.  W-215C.  Vol.  XIII,  p. 
485,    Oct..    '16. 

Operating  E.xperiences  on  the  Pliila- 
delphla-Paoli  Elcetrlcation  —  Laurence 
M.  Willson,  D-1.  1-2,  W-2340.  Vol.  XIV, 
p.    396,    Oct..    '17. 

The  Chicago.  Lake  Shore  ^<t  Soutli 
Bend  Railway — H.  L.  Kirker.  Property. 
Peak  loads.  Locomotive  freight.  1-4. 
W-1860.     Vol.    XIV,    p.    399.    Oct..    '17. 

On  Visiting  tlie  Riksgrnns  (Sweden) 
Hallway — H.  L.  Kirker.  I-IS,  W-3300. 
A'ol.   XV.    p.    286.   Aug..    '18. 

(E)    F.    H.    Shepard.      W-300.    p.    285. 

MOTIVE  POWER 

Constant  Speed  \h.  A'jiryiiig  Speed 
Characteristics  for  Electric  Kailwiiv 
Vehicles — R.  E.  Hcllmund.  C-5.  W- 
3400.      Vol.    XIV,    p.    466.    Nov..    "17. 

Regenerative  Braking  —  Walter  A'. 
Turner.  1-2,  W-1590.  A'ol.  XIV,  p.  386, 
Oct.,    '17. 

Emergency  Braking  of  Direct-Cur- 
rent Electric  Vehicles — J.  A.  Clarke.  Jr. 
D-7,  I-l,  W-1745.  Vol.  XIII,  p.  460, 
Oct.,   '16. 

Locomotives 

Comparison  of  Steam  and  Electric 
Locomotive  Performance — F.  E.  Wynne. 
C-6,  W-2160.    Vol.  XIV,   p.   383,  Oct.,  '17. 

Growth  In  Locomotive  Capacity  and 
Reltnblllty — J.  V.  Dobson.  T-1,  W-1980. 
Vol.    XIV,    p.    425.    Oct.,    '17. 

The  Field  of  Application  of  Phase- 
Converter  Locomotives — R.  E.  Hell- 
mund.  1-7,  W-4120.  Vol.  XII,  p.  462. 
Oct.,    '15. 

Mechanical  Problems  in  the  Design 
of  Electric  Locomotives — W.  K.  Mc- 
."Vfee.  Transmission  of  power.  Design 
of  motors.  1-8.  W-2200.  Vol.  XV,  p. 
16,    Jan.,    'IS. 

Regeneration  with  the  Phase-Con- 
verter Loeonioti\'e — S.  G.  Nottage.  1-3. 
W-990.      Vol.   XII.   p.    471.   Oct.,  '15. 

Passenger  Locomotives  of  the  Chicago 
.Milwaukee  *  St.  Paul  Railway — W.  R. 
Stinemetz.  1-4,  W-13U0.  Vol.  XV,  p. 
40.    Feb..    'IS. 

Operation  of  the  N.  &  W.  Electric 
Locomotives — T.  C.  WurLs.  D-1.  1-7, 
W-2450.      A'ol.   XII.   p.    473,   Oct.,   '15. 

■*lotors  iind  Pliaise  Converters  for  IV. 
A  AV.  Locomotives — J.  V.  Dobson.  D-1. 
I-ll,  W-1540.  Vol.  XIII,  p.  154,  Apr.. 
'16. 

The  Split-Phase  Locomotive  of  the 
Pennsylvania  R  a  i  1  r  o  a  d — 3Iechanicnl 
Equipment — G.  M.  Eaton.  T-1,  1-6,  W- 
2140.  Control  Equipment — A.  J.  Hall. 
D-1,  I-IO,  W-1645.  Vol.  XIV,  p.  406. 
Oct..    '17. 

New  Passenger  Locomotive  for  the 
New  Haven  Railroad — H.  K.  Hardcas- 
tle.  D-2.  1-3.  W-1360.  Vol,  XIV.  p. 
414.    Oct..    '17. 

Electric  Locomotives  Built  in  Large 
(luantitlcs — G.    Pontecorvo.     At  factory 


of  the  Italian  Westinghouse  Company. 
I-S,    W-675.      Vol.   XI.   p.   46.   Jan.,   '14. 

Locomotive  'Weights — F  K.  Wynne 
C-2,  W-1330.    Vol.  XIII.  p.  129.  Mar..  '16. 

Electric  Locomotive  for  .Spotting  Ser- 
vice—  R.  K.  Culbertson.  On  the  Nia- 
gara Junction  Railway.  C-1,  1-4  W- 
1850.      Vol.   XIII,    p.    124.   Mar.,   '16. 

RcBcnerativc     Control     of     the      Lake 
Eric     i&     Northern     Ijocomotive  —  C      C 
Whittaker.    D-2.  1-3.   \V-I4(Mi.   \-ol.  xill 
p.    469.    Oct..    '16. 

Standardization  of  Electric  Locomo- 
tives— G.  II.  F.  Holv.  T-2.  1-12  W- 
2300.      Vol.    XI.    p.    572.    Oct..    '14. 

Tests  of  a  .'>:i-lon  Electric  Locumo- 
tive  on  the  Ogden.  Logan  *  Idaho 
Railway — H.  K.  Smith  and  J.  S.  Hagan. 
C-1,  I-l.  W-1200.  Vol.  XIV,  p.  401. 
Oct..    -17. 

Siaie  of   Locomotive — QB.    1312. 

Locomotive    Design — QB.    1090. 

Truck    Equalization — QB.     1280. 

The  Field  of  the  Storage  Batterv  Lo- 
comotive— W.  M.  Bobbins.  1-9,  W-1420. 
Vol.   XI.    p.    153.    Mar,.    '14. 

Car  Handling  on  Ore  Docks — Chas. 
K.  Cole.  Rope  haulage  vs.  electric  lo- 
comotives. D-1,  1-3.  ^V-2036.  Vol.  XIV 
p.    11,    Jan.,    '17. 

Cars 

The  Selection  of  Correct  Car  Equip- 
ment— F.  E.  Wynne.  W-3n00.  Vol.  XI, 
p.    578.    Oct..    '14. 

Performance    of    Car    Equipments — S. 

B.  Cooper.  Predetermination  of  sched- 
ules and  power  consumption.  T-3  C-6 
W-4060.      Vol.   XII.   p.    59,    Feb..   '15. 

(B)    F.   E.    Wynne.      W-450,   p.   49. 

One-.Man  Light-AVeight  Electric  Rail- 
way Cars  —  W.  E.  Moore.  Economic 
considerations.  D-1.  1-9,  W-2625.  Vol 
XIII,    p.    451,   Oct.,    '16. 

The  Quick  Service  Safety  Car — Myles 
B.  Lambert,  (E)  W-520.  Vol.  XIV,  p. 
372,    Oct.,    '17. 

Acceleration  of  Cars — Lynn  G.  Riley. 
W-1700.      Vol.   XV,    p.    401,   Oct..   'IS.      ' 

The  Success  of  the  Safety  Car — G.  M. 
Woods.  T-1,  C-2,  W-2600.  Vol.  XV, 
p.    390.    Oct.,    '18. 

(E)    F.   E.   Wynne.      W-800.   p.   379. 

Simple  Door  Siii^nnling  ami  Inter- 
locking Connections  —  A.  H.  (^andee. 
D-6.    W-IIOO.      Vol.    XV.    p.    39S.    Oct..   'IX. 

The  Application  of  the  Aentilate<l 
Railway  Motor — S.  B.  Cooper.  ••-2  A\- 
1200.       Vol.    XV.    p.    394.    Oct..    'IS. 

Train  Operation  in  City  Service — W. 
G.  Brooks.  1-5,  W-1200.  A'ol.  XIV,  p, 
388,    Oct.,    '17. 

Toledo  Adopts  Train  Control — (".  A. 
Brown.  D-2,  1-2.  W-1970.  Vol.  XIII. 
p.    455,   Oct..   '16. 

(E)    A.   H.    Mclntire.      W-370.    p.    442. 

Storage  Battery  Cars — R.  W.  Brod- 
mann — Their  operation,  maintenance 
and  performance  on  the  Long  Island 
Railroad.  T-2.  D-1,  I-l,  W-1790.  Vol. 
XIII,    p.    458,    Oct..    '16. 

The  26-Ineh  Wheel  Low-Floor  Cars 
In  Cleveland  —  Terrance  Scullin.  T-2, 
1-5,   W-1300.     Vol.  XII,   p.   488,  Oct.,   '15. 

GaKoline-Electric    Car — QB,    1122, 

Equipment 

Layout  and  Installation  of  .Motor  Car 
F^qulpments — H.  R.  Meyer.  1-9.  W-2120. 
Vol.    XIV,   p.    502.   Dec,   '17. 

Pantagraph      Trolley      Development — 

Wm.  Schaake.  Shoes.  Framework. 
Contact  pressure.  C-1.  I-ll,  W-3440, 
Vol.    XII,    p.    483,    Oct.,    '15. 

Some  Points  on  Car  AVlrlng — W.  H. 
Smith.  D-2,  1-1,  W-1220.  Vol.  XIII.  p. 
503,    Oct..    '16. 

Tests  of  Ralivvjiy  Motor  Gearing — H. 
K.  Hardcastle.  T-1.  1-4,  W-600.  Vol. 
XII,    p.    528,    Nov.,    '15. 

Pncumaticaliy-Operatcfl  Devices  on 
Locomotives  :ind  Cars  —  F.  M.  Nellis. 
W-1560.      Vol.   XIII,    p.    471,   Oct.,   '16. 

Rail    Bonding — QB,    1676. 

Maintenance  and  Repair 

Developing  Inspection  :ind  Mainten- 
ance Systems — Myles  B.  Lambert  (E) 
W-820.      Vol.   XIII,   p.    439.   Oct.,   '16. 

Inspection  System  of  the  Ogden,  Lo- 
gan *fc  Idaho  Railway — G.  W.  Shaver. 
1-4.  W-1260.     Vol.  XIV,  p.   404,  Oct..  '17. 

Maintenance  of  Railway  Equipment 
— A.  B.  Cole.  Methods  at  the  repair 
shops  of  the  Cleveland  Railway  Com- 
pany. 1-37,  W-6450.  Vol.  XIII,  p.  491, 
Oct.,    '16. 

AVar-Time  Dipping  sind  Baking  Out- 
fits— J.  S.  Dean.  1-4,  W-700,  Vol.  XV, 
p.    400,    Oct.,    '18. 
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New  dilators  for  Old — J.  B.  Ervin. 
Retiring^  obsolete  railway  motors.  T-1, 
C-1.  1-4,  W-2110.  Vol.  XIII,  p.  488. 
Oct..   '16. 

Diifl  the  Inspector  on  Motor  Mnin- 
tennnee — L.  J.  Davis.  W-700.  Vol. 
XV,    p.    425.    Oct..    'IS. 

Babbitting,    Beiirlnes — ROD,   XIII,  512. 

Vndereuttinf^  Coniniutntors  —  ROD, 
XIII,    555. 

Mounting    ItexL-tors — ROD,    XIII,    592. 

Polarity  of  Field  Colls — ROD,  XIII, 
593. 

Bru.shholders — ROD,    XIV.     39. 

I'uttlns    on    Pinions — ROD.    XIV.    S(!. 

.Innnture   ^Vindi^K — ROD,    XIV.    122. 

Banding    Armatures — ROD.    XIV.    16S. 

Iloiv  to  Take  Armatures  Out  of  Box 
Frame    Motors — ROD,   XIV,    204. 

,>laintenanee  of  Controller  Fingers 
and    Contaot.K — ROD,    XIV,    289. 

Soldering  Armatures — ROD,  XIV.  327. 


Hand      Operated      Circuit     Breakers — 

ROD.   XIV.    369. 

Assembly  of  Jumper.**  and  Reeeptac' 
les — ROD,    Xn',    444. 

Repair  of  Commutators — ROD,  XIV, 
4  4  5. 

LfUbrieation  of  Motor  Bearings — ROD, 

xn',  481. 

Saturation   of   Waste — ROD,    XIV.  517. 

Installation  of  Air  Piping  to  Prevent 
Freezing — ROD,   XV.    30. 

Motor    Bearings — ROD.    XV,     70. 

Oil,  Grease  and  AA'nste  for  RalHvay 
.Motors    and    Gears — ROD.    XV.    101. 

Dipping  and  Baking  of  Railway  .Mo- 
tors— ROD.    XV,    137. 

Blower  Installations  on  Motor  Cars — 
ROD.    XV,    184. 

Drying  and  Baking  Ovens — ROD,  XV, 
240. 

Carbon   Bruslie.'s — ROD,    XV.    284. 

Flashing  of  Railway  Motors — ROD. 
XV.    322. 


Winter  Operation  of  Railway  Motor 
Kquipraent.s — ROD,    XV.    426. 

Charging  of  Storage  Batteries  on 
Interurban  and  Street  Railway  Cars — 
ROD,    XV,    427. 

Protection  of  ^lotor  Bearings  from 
Dust — ROD,    XV,    480. 

!IIaintennnce  of  Traction  Brake 
Kquipnient  .Motor  Driven  Compressors 
— ROD.    XV.    514. 

Trolley    Wheel — QB.    1346. 

MINING 

Mine    Tracks— QB,    1415. 

SIGNALS 

Light    Signals    for   High-Speed   Traflic 

—J.    E.     Saundeis.       1-4,    W-1650.      Vol. 
XII,    p.    443,   Oct..   '15. 


MISCELLANEOUS 


GENERAL 

Resuscitation    from    Flectrie    Slioek — 

Will.  C.  L.  Eslin.  W-1500.  Vol.  XII, 
p.    226.   June,   '15. 

A   Bit   of  Fngineering   History — A.    M. 

Gow.  The  story  of  Fuel.  Gas  and  Elec- 
trical Engineering:  Company.  ^-2680. 
Vol.   XIV,    p.    181,   May,   '17. 

(E)    Chas.    F.    Scott.     W-550,   p.    169. 


THE  ENGINEER 

The     Status    of    the    Engineer — E.     M. 

Herr.    W-ISOO.    Vol.  XII,  p.  132,  April, '15. 

The  ^Vork  of  the  Application  Fngi- 
Mcer — K.  C.  Randall.  (E)  W-640,  Vol. 
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